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THOMSON, Malcolm M. (b. 1908). Astronomer.

Originals, n.d., 1934-1984. 35 cm.

M.M. Thomson was born January 3, 1908 in Nelson, B.C. He attended
public school in Alberta and Manitoba. He obtained his B.A. from St.
John's College, Winnipeg in 1929, and later, his MSc. from Yale in 1954,
Thomson joined the Positional Astronomy Division of the Dominion
Observatory, Ottawa, in May 1930, and became head of the division in
1957. In 1970, with the transfer of the Dominion Observatory to the
National Research Council, Thomson assumed charge of the Time and
Frequency section of the Applied Physics Division, where he remained
until his retirement in December 1972,

In his retirement, he wrote a history of timekeeping in Canada. This
was published in 1978 as The Beginning of the Long Dash, by the
University of Toronto Press.

Presented in 1985 by Malcolm M. Thom'son, Ottawa, Ont.

"The Beginning of the Long Dash", n.d., 1978-1981. 10 cm (volume 1).

Contains the unedited manuscript of Thomson's book, including
illustrations and photos. The published version contains only about two-
thirds of this manuscript. Also included are reviews of the book from
newspapers and journals, mostly Canadian.

Timekeeping, n.d., 1934-1984. 16 cm (volumes 1-2).

Thomson's research on the history of timekeeping, with files on
timekeeping in major Canadian cities. In addition, there are articles on
longitudes at various observatories, and information on methods of
timekeeping, particularly the atomic clock. The files also include
offprints, photocopied articles, notes and correspondence.

Reference Files, n.d., 1970-1972. 9 cm (volume 2).

Notes, correspondence and articles about, and by, Charles F. Dowd,
Sandford Fleming, and Prof. W.B. Jack & Dr. J.B. Toldervy. Also
contains photocopies of sessional papers regarding the Dept. of the
Interior and the Dept. of Marine & Fisheries from 1869-1919, and
photocopied articles from the Journal of the Royal Astronomical
Society of Canada.

May 1985 7-9896
L. McFarlane Economic/Scientific



INTRODUCTORY NOTE

The preparation of this brief historical sketch of time-
keeping in Canada was inspired by three facts. Seated one
day beside Andrew Thomson, former Director of the Meteorolog-
ical Service, it was perhaps in 1967, I was informed by him
that the Department of Marine and Fisheries had made a con-
siderable contribution to timekeeping in Canada. I had just
contributed an historical review called Astronomy of Time and
Position for the special issue of the Journal of the Royal
Astronomical Society of Canada, published in Canada's
centennial year. Almost apologetically the final sentence
reads "In this review, no mention has been made of the con-
tributions to timekeeping in Canada by the Meteorological
Service". I determined then to find out more about this
contribution.

The second fact was that having joined the time service
of the Dominion Observatory in 1930, and was facing retire-
ment at the end of 1972, I felt some responsibility for
assembling some of the events that I had witnessed over 4
decades.

The third fact was that J.P. Henderson, my mentor and
coach during my first decade at the Observatory, had kept
a fairly careful diary throughout his 37 years at the
Observatory. A few years have been lost, but all that could
be found were placed at my disposal.

Then began the long and patient search for information
surrounding the development of time services to meet the
needs of a growing community. What was the origin of the
observatories at Fredericton, Toronto, Quebec, Montreal,
Saint John, N.B., Kingston, Ottawa and Victoria? Why was
Halifax, a year round port, not equipped with a federal
timeball observatory back in 1870 when Saint John, N.B. was?
Why did the Dominion Observatory finally become the official
timekeeper? Perhaps some of these questions have been
answered.

Malcolm M. Thomson



HISTORY OF TIMEKEEPING IN CANADA
CONTENTS
1. Time. A general statement traces the development of timekeeping in
Fe.l Canada from the use of the sundial to the atomic clock.
2. The Unit of Time. The second has been defined in terms of the mean
i solar day, the tropical year, and finally a natural transition
within the cesium atom. A leap second, when required, together
with a simple code imposed on the time signals, makes the atomic
second and mean solar time known simultaneously.

2 (a) Daylight Saving Time Pg.27(a)
3. W. Brydone Jack and the Maritime Survey. The young Scottish

Pg. 28 professor who became President of the University of New
Brunswick, established the first astronomical observatory in
Canada, and collaborated with W.C. Bond of Harvard to introduce
telegraphic surveying to Canada.
4. Quebec City. The time ball observatory in Quebec City, established
Pg.4l  jn 1855 with Lieut. E.D. Ashe, R.N., as Director, provided
correct time for shipping in the harbor. Ashe extended tele-
graphic surveys from Fredericton to Quebec and to several
points in Canada, as well as to Chicago. He made some solar
observations. Time and weather information became the principal
contribution.
5. Toronto. A Magnetic Observatory was founded in 1840. Meteorological
Pe.63 observations, taken to correlate with magnetic disturbances,

led to the collecting of weather data from-all parts of the

country and synchronizing the time of the reporting stations.
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Transit of Venus (1882) observations were organized. In 1936
responsibility for time was relinquished and Toronto became
fully absorbed with the Meteorological Service of Canada.
6. Montreal. The McGill Observatory, founded in 1862, provided time
Pg 82 for the local business community, harbor, and railway, and
collaborated with Toronto in meteorological observations.
McLeod re-determined the longitude of Montreal with respect to
Harvard and later with respect to Greenwich. McGill time
continued to serve the telegraph companies until the duty was
transferred to the Dominion Observatory in 1947.
7. Saint John, N.B. A time ball observatory was built in Saint John
Fe.109 in 1870. G. Hutchinson and his son D.L. Hutchinson provided
time and weather information for the maritimes for nearly six
decades. Francis M. Barnes maintained the service 1927-1949,
and in 1951 the observatory was closed.
8. Halifax. William Crawford, followed by R.H. Cogswell, clock makers,
Pg.127 provided correct time for Halifax and the Citadel, commencing
1832, for which $100 per annum was paid. 1In 1904 a time ball
was installed at the Citadel and controlled from Saint Johnm.
9. Kingston. Timekeeping at Kingston benefited by the sounding of bells
Fe.136 in the adjacent military dockyard. In 1860 an observatory was
built, and through the efforts of J. Williamson and N.F. Dupuis
of Queen's University, a time service was developed. By the

end of the century the McGill signal began to serve the

community.
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10. Victoria and Vancouver. Victoria benefited by time signals from

Pg.l46
ships in the harbor and later by the firing of a time gun by
the military garrison. With the completion of the telegraph
line, Vancouver and Victoria received the McGill time signal.
In 1915 F. Napier Denison established a time service for
Victoria, but by 1930 both he and Shearman of Vancouver were
using radio time signals.

11. Sir Sandford Fleming. Fleming was noted as a railway surveyor and

Pg.166 ) .
builder, and as a promoter of standard time. At the

International Conference held in Washington in 1884, time zones

were approved together with the recognition of Greenwich as the

prime meridian.

12. The Cliff Street Observatory. It was a small wooden structure

Pg.179
perched on the bank overlooking the Ottawa River. Built in
1890, it served as the Canadian prime meridian from 1896 to
1905. E.G. Deville, W.F. King, and 0.J. Klotz were the prime
promoters. King explains limitations of astronomy to surveying.
Klotz extends longitude chain across Pacific to Australia.

13. The Dominion Observatory. Completed in 1905, it succeeded Cliff

Pg.194 . . . o -
Street as the site of the prime meridian for the survey of
Canada. Provision was made for a fully modern time service
with R.M. Stewart in charge.

14. Clocks of the Time Service. The finest pendulum clocks, two Rieflers

Pg.204
and one Shortt Synchronome, were acquired, and by 1927 an

efficient clock vault was built. The downtown time service

expanded to a maximum of about 750 dials, but after World War
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11 they gave way to frequency dials which required no attention
from the Observatory.
15. The Time Signal Machine. R. Meldrum Steward devised a mechanism
Pe 217 which was controlled by a sidereal pendulum and had an output
of mean time seconds pulses. From 1938 to 1950 it controlled
the time signals from the Observatory, to be replaced by a
crystal controlled signal generator by Muirhead.
16. Astronomical Equipment of the Time Service. The meridian circle
Pe.227  transit was used for five decades on international programs to
improve the fundamental star catalogue. An experiment with a
mirror transit telescope was unsuccessful. For timekeeping the
meridian circle was replaced in 1935 by the broken type Cooke
transit, and the tramsit in turn was succeeded in 1952 by
the photographic zenith tube (PZT). A second PZT is located
at Calgary. A Markowitz moon camera was used for a few years,
commencing with the International Geophysical Year, 1958.
17. The Quartz Crystal Frequency Standard. Quartz crystal frequency
Pg.265
standards acquired by other government departments in the
1930's demonstrated a performance superior to the primary
pendulum, and led to electronic timekeepers at the Dominion
Observatory.
18. Radio Time Signals. Radio permitted the extension of surveys into
Pe.287 remote frontier areas where no telegraph line existed. A

regular program of time signal reception permitted comparison

of astronomical time determinations and measurement of long



geographical arcs. Two stations, Ottawa and Vancouver, formed
Canada's participation in the World Longitude Campaigns of

1926 and 1933.

19. Time Distribution from the Dominion Observatory. Distribution of

Pg.314

time pulses by wire was augmented by radio time signals commen-
cing in the 1920's. By 1938 they were designated CHU with

the present frequencies, 3330, 7335, and 14670 kHz. Observatory
time became official by Order-in-Council in 1941. 1In 1947 CHU
was moved to the Greenbank Road. It is now cesium controlled
with a bilingual voice announcement of time each minute. New
methods of time distribution and synchronization are being

studied.

20. Atomic Timekeepers. The National Research Council has been to the

Pg.345

forefront in the development of the cesium atomic standard

and the hydrogen maser. International comparison of laboratory
standards involves a portable cesium standard, and precise
radio signals such as Loran C and the T.V. synchronizing

pulse. Amalgamation of NRC and Dominion Observatory facilities
in 1970 resulted in the formation of the Time and Frequency

Section of the Physics Division of NRC.



Time
A General Statement

on Timekeeping in Canada



TIME

General

Ever since people have gathered themselves into communities
they have contrived some method for marking the passage of time. The
first settlers found the Indians capable of measuring time from moon to
moon, and season to season. And in turn they mystified the Indians with
the family clock or watch which they brought among their treasured
possessions.

According to Anne Langton in her book, Gentlewoman in Upper
Canada, (Clarke Irwin, 1950) the household with a watch or clock in
1840 maintained considerable prestige among the neighbours. By contrast,
the community with neither watch nor clock nor village bell had diffi-
culty in the regular conduct of Sunday church services and weekday
school.

Certain traditions were brought from the rural background of
Europe which demonstrated that people can manage without a clock.
Dr. A.P. Baerg, a physicist at the National Research Council, Ottawa,
recalls that as a boy on a prairie farm he would be told to return from
the field for supper at 7 p.m. Toward the end of the afternoon he would
determine the height of the sun above the horizon as so many handwidths,
measured by extending the arm full length and bending the wrist at right
angles. One handwidth represented half an hour. So without benefit of
a mechanical timekeeper the young lad headed back across the field at
the required hour.

By contrast, Professor W.L. Morton, the historian, recalling

his boyhood days on the farm at Gladstone, Manitoba, confided, "My



father was always concerned that our dollar watches should be correct so
that we would stop work on time. His reason was that the horses should
not be overworked!"

There were familiar "sun marks'. One person recalled that her
grandmother used to start preparing the noon meal when the sun reached
a certain board in the summer kitchen. Presumably her "biological clock"
took over on days that were overcast.

Because the early communities had few clocks, and those few
that did exist could well be many minutes apart, some synchronizing
device was necessary. The church bell served this purpose to a degree.
In New France, from the earliest days, it was the custom for the Angelus
to be sounded in the church centered communities three times a day,
morning, noon and evening. Across the wide expanse of the prairies the
regular passing of the train, sometimes many miles away, provided a
means of checking the clock in the farm kitchen.

In urban communities, a uniform time was provided by the
sounding of fire alarm bells. For instance, Dr. Charles Smallwood,
founder of McGill College Observatory, provided a signal to ring the
city fire alarm bells at 7 a.m., noon, and 6 p.m. for the benefit of
shops and factories. The signal from the Toronto observatory sounded
the fire alarm bells at 11:55 a.m.

Individual factories in Canadian cities followed the practice
of sounding a harsh penetrating whistle which could be heard above the
noise within the plant and throughout the surrounding community. Even
in post World War II years, the steam whistle of the E.B. Eddy Company,

on the Ottawa River between Ottawa and Hull, sounded a whistle four
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A Le magazin.

B Colombier.

C Corps de logis ou font nos
armes, & pour loger les
ouuriers,

D Autre corps de logis pour
les ouuriers.

E Cadran,

F Autre corps de logis ou eft
la forge, & artifans logés.

G Galleries tout au tour des

Fig. 1
Pg. 3

Torne III, facing p. 155.

logemens.

H Logis du fieur de Cham-
plain.

I la porte de I'habitation, ou
il y a pont-leuis.

L Promenoir autour de [’habi-
tation contenant 10. picds
de large iufques fur le bort
du folfe.

M Foffés tout autour de I'ha-
bitation.

N Plattes formes, en facon de
tenailles pour mettre-ie ca-
non.

O Tardin du ficur de Cham-
plain.

P La cuifine.

Q. Place deuant I’habitation fur
le bort de la riuiere.

R La grande riuicre de fain&
Lorens.

p- 303

Abitation de Quebecq, built in 1408 by "hamplain. Tn
l.averdilre, 7.-H. ed "uvres de rhamplain Quebec, 1270,
Courtesy Tublic Archives of Tanada.



Vertical sundial facing south-east at the corner of Sussex Drive
and Bruyere Street, Ottawa, was placed in position soon after
the building was erected in 1850.



B Tower Clock, Fortress of Louisboura, Cane Breton.
rig. g been restored according to the desian of its original, and so has
.

The cleck has

no minute hand. Courtesy Mational Parks Branch, Indian and
Northern Affairs Deparirent.



times a day as follows: 8 a.m. to start work; 11:57 a.m. to provide 3
minutes for wash up; 1 p.m. to return to work; 4:57 p.m. for a 3 minute
clean up before going home for supper. Today this whistle is silent.
There were other whistles in Ottawa which would form a chorus
with Eddy's. In the midst of them could be heard, even from the distance
of the Dominion Observatory at the Experimental Farm, the firing of the . 51
Noonday Gun at Parliament Hill. That, of course, was during the 1930's, e
before the city population explosion, before the proliferation of the
motor car, and before the construction of enormous buildings in downtown
Ottawa.
The sundial, one of the earliest devices used at the dawn of
history for subdividing the day, played an important part in early
Canadian communities.
When Champlain built the Habitation at Quebec City in 1608, he
mounted the flag of France and also a sundial on one of the roofs.
Mechanical clocks had been under development since the 1l4th century.
But in addition to their expense, they were not very accurate. The sun-
dial was therefore invaluable as a means of checking the time of the

mechanical clocks. So the sundial is to be found, in some instances,

gracing the wall of a church or a school, where it is in plain view and

a9}
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out of reach of souvenir hunters.

The Fortress of Louisbourg, built by the French on Cape Breton
Island as a guardian of New France, was equipped with a tower clock. It
was one of the earliest on the North American continent, and according
to John Lunn, Superintendent of the park which today shelters the

reconstruction of the Fortress, it was equipped with an hour hand only.



Recovered from the excavations is a sundial made of slate, some of the
fragments of which have not been found. The date 1722, clearly engraved
on it, indicates that it was a part of the earlv community.

Scientifically, the sundial also played an important role in
Canada during the second half of the 19th century. Little was known of
the weather pattern which governed the shipping route through the Hudson
Straits to the Hudson Bay ports. The private ships of the Hudson Bav
Company ventured along the route during the hrief season that navigation
was assured, and for the rest of the year it was left to the scattered
native settlements. Lieut. Edward Chappel of the British Admiralty, who
was involved in the hydrogravchic survey of Hudson Bav in 1814, commented
on the incorrectness of existing charts, due to "reluctance of officers
of the Hudson's Bay Company to divulge to any outsiders, navigational
information in their possession relating to the Bav or its entrancewavs"
(Men and Meridians by Don Thomson, Vol. 1, pg. 185, Oueen's Printer,
1966).

The Hudson Bav Expeditions conducted by the Department of Marine
and Fisheries in 1884 to 1886 were organized to study the weather pattern
throughout the year, and to ascertain for what period of the vear the
straits were navigable. There was no telegraph into this territorv either
to carry messages or to transmit a time signal. Each of the scientific
parties had to carry some means of recording the time of dav, and also of
coordinating the time with that carried by other parties. To do this they
were provided with a timepiece and a sundial. 0n favourable days, the
timepiece was to be corrected by the sundial at local noon. At each

station the correction card for reducing from aoparent

Fig. 4
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The fragments of a slate sundial were recovered during excavations

associated with the restoration of the Fortress of Louisbourg.
The date is 1722. The latin inscrintion mav be reconstructed
to read, "Sum sine sol(e nihil)" meaning "Without the sun I am
rcthing".  Courtesy Mational Parks Branch, Irdian and MNarthern
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solar to mean solar time also gave the correction to the 75th meridian.
So within the limits of accuracy, this primitive method assured that a
synoptic chart could be drawn from the observations.

In his report of 1902, H.V. Payne, an inspector for the
Meteorological Service, mentioned that it was necessary to make sundry
adjustments to sundials located in some observing stations in Newfoundland.
They were required to regulate the clocks used in making the daily weather
observations.

When a party from the Dominion Observatory travelled down the Fig.
Mackenzie River during the 1921 and 1922 seasons, providing astronomical
control points for a survey line from the existing survey at the 60th
parallel right down to the o0il fields of Norman Wells and also to Arctic
Red River, they found some of the local communities with no time
indicator. So, a few sundials were designed and mounted on the cement
piers which the party had built for gravity studies.

Doubtless there are many other instances, hidden in the history
of Canadian communities, which would indicate the important role that
the sundial has played.

When Captain James Cooke made his great voyages of exploration
in the 1770's, he had the advantage of a reliable chronometer recently
developed by Harrison. He also had a crew member who was an astronomer.
Relying on the excellent performance of the chronometer, the astronomer
was able to determine the longitude at each land fall, and navigation on
the open sea was no longer guess work.

The ordinary mariner of the time was able to follow a similar

pattern. Using a ship's chronometer set, for example, to the local time



of Liverpool, he would take observations of the sun or other celestial
objects to determine local time. The difference between the observed
local time and the chronometer time would then be a direct indication
of the longitude difference east or west of Liverpool (and hence
Greenwich). The method was scientifically correct. It was, however,
only as reliable as the chronometer which was keeping the local time of
the home port. Since few ships could be equipped with a chronometer of
Harrison excellence, navigation was far from perfect. The longer he was
away from home port, the less reliance could the mariner place on his
chronometer. It was necessary to check the time and the rate of the
chronometer at every opportunity, and particularly after the long
Atlantic crossing. So there was a great need to establish a source of
correct time at key locations on the North American continent. This
gave rise to the establishment of an observatory in the Citadel at Quebec
City in 1855, and to another in Saint John, N.B., in 1869, and to the
financial support of the McGill Observatory, which was built in 1862.
The true position of each of these ports was determined with respect to
Harvard College Observatory, the best determined spot on the North
American continent. Local time was derived from transit observations,
and this was indicated to the shipping in the harbour by the dropping of
a time ball at 1:00 p.m. local time each day.

Equally important to the mariner, and important alike to the
farmer and others who are land-based, was a foreknowledge of weather
disturbances. Meteorology as a science was recognized by the government
Magnetic Observatory at Toronto in the 1840's and McGill in the 1860's.

In each case it was realized that observations should be timed with the



greatest possible accuracy. Also the directors of the Toronto Observatory,
commencing with Captain Lefroy in 1841, recognized the importance of
collecting data on temperature, wind, clouds, etc., from as many locations
as possible. Because of this initiative, Toronto became the coordinating
centre, both for the processing of weather data, and for the regulating

of the time used in making the observations.

As long as people were limited to the sailing vessel and to the
horse and buggy, and as long as communication was limited to the speed of
a letter delivered by stage coach, it mattered little that each town kept
its own time. But when the sail gave way to steam, and the stage coach
gave way to the railway train, and communications over great distances
became almost instantaneous as a result of the telegraph, then it became
a source of confusion that adjacent towns differed by several minutes.

The confusion of times was particularly noticeable on the American
transcontinental railway lines which were the first to span three hours
of local time. So they were among the first to give thought to some
orderly arrangement, Charles F. Dowd being a leading proponent of time
zones. Sandford Fleming of Canada, noted railway engineer and builder,
brought the question to international attention, and was largely
instrumental in having the international convention convened in
Washington in 1884, at which Greenwich was selected as the zero meridian,
and time zones of 15 degrees to the east (ahead) and to the west (behind)
Greenwich at the rate of one hour per zone were proposed. Today one has
to remember that our transcontinental phone system can cause embarrassment
to the unwary. There is a three-hour time difference between Ottawa and
Vancouver, and a phone call placed at 9 a.m. in Ottawa can rouse a

protesting and sleepy voice in Vancouver at 6 a.m.!



In 1883, about the same time that local mean time was abandoned
in favor of standard or zone time, the time ball observatories of Quebec
and Saint John, N.B., were officially placed under the supervision of
the Director of the Toronto Observatory, Charles Carpmael. He inaugurated
a system of time exchange by telegraph once every two weeks to insure
uniformity. C.H. McLeod, Director of McGill Observatory, voluntarily
joined the exercise. His predecessor, Charles Smallwood, had inaugurated
a time service to the local telegraph office in the 1860's because the
observatory had been sponsored by the railway for that purpose. In 1869,
at the request of the Postmaster General, his daily time signal was relayed
to Ottawa to provide a time for the noonday gun.

It was a straightforward operation for the McGill time signal
to advance across the country with the advance of the railway and tele-
graph to the Pacific coast. Montreal, therefore, became the time centre
for the whole eastern, prairie, and western network, retaining this
distinction until June 1944, when the Dominion Observatory took over.

The maritime provinces came under the influence of Saint John,
N.B. Charles Carpmael of Toronto had delegated to Hutchinson, the
director of the time ball observatory, the authority to coordinate the
meteorological observations submitted each day by observers throughout
the maritimes, and to publish the daily forecasts prepared at Toronto.

In 1901, Hutchinson reported that a daily time signal from the
observatory was being sent by telegraph throughout the maritimes and was
being used by the railways, the telephone company, and the business
community. A time ball had been operating in Saint John Harbour for the

benefit of shipping since June 1870. In 1904 a second time ball was



installed at the Citadel in Halifax and operated directly from Saint John.
Hutchinson and his successor, Francis Barnes, continued to provide correct
time for the business, transportation, communication and shipping interests
of the maritimes until about 1950, when the observatory was dismantled. It
was not without regrets and protests by the local community that this
service was discontinued.

At the west coast, F. Napier Denison inaugurated a time service
in connection with Gonzales Meteorological Observatory, Victoria, in 1915.
For more than two decades, the time was made available by land line, by
telephone, and by radio from the observatory. A time ball was operated
for the benefit of the shipping and business enterprises of Victoria
harbour until 1931, and the firing of the noon and 9 p.m. gun was con-
trolled until the time service folded after 1937. Time from the Dominion
Observatory at Ottawa had by now gained official recognition.

The time as distributed by the several meteorological observ-
atories, namely, Toronto, Quebec, Saint John, and Victoria, and by the
McGill Observatory at Montreal, was derived initially from star obser-
vations at each observatory. By 1920 it became evident that a convenient
check on the local clock at each location could be made by radio reception
of time signals from Washington, D.C., or from San Francisco. By the
early 1930's, transit observations for time at all meteorological
observatories except Saint John, N.B., were discontinued in favor of the
more readily available radio time signals.

Confederation occurred in 1867 and two years later, in 1869,
the Hudson Bay Company yielded its control over the enormous expanse of

western Canada, extending from Ontario to the Pacific. The details of
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the exchange do not form part of this discussion. What does concern us
is that one of the terms of union by B.C. was that a trans-Canada Railway
be built to form a line of communication. This railway was completed in
1885. Newcomers flowed into the country from all over Europe, and farm
holdings and towns sprang up along the right of way as well as along the
old trade routes.

"It was realized", writes John Vicars in his History of the
Surveys Made Under the Dominion Lands System, 1869 to 1889, 'that one of
the first duties of the Federal Government was to devise and adopt a
comprehensive scheme or system upon which to conduct the surveys of the
country, and to proceed with the survey of such portions as were likely
to be required for immediate settlement'.

The actual survey commenced in 1869 with Pembina, North Dakota,
at the U.S.-Canadian border, as the starting point. While much of the
survey work depended upon direct measures along the ground, both north-
south and east-west, the final location of each key position was deter-
mined astronomically.

Latitude, the distance from the equator, is readily determined
by measuring the altitude of the Pole Star, or by measuring the altitude
at meridian passage of any of a number of stars whose positions are well
known.

Longitude presents a more complicated problem. It is well
known that a star which crosses the meridian of, say, Winnipeg will in a
little more than an hour cross the meridian of Calgary, and about 35
minutes later will be on the meridian of Vancouver. It is a result of

the earth turning on its axis. After a complete rotation of the earth,
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the star will again appear on the Winnipeg meridian, and 24 hours of
sidereal or star time will have elapsed.

Hence, if at two observing locations the same star is seen to
drift across the field of each transit instrument, the difference in the
observed time of transit is an exact measure of the difference in
longitude. Each location must have a reliable timepiece, and in
addition there must be direct communication in order to make an accurate
comparison between the two clocks. The telegraph line, once it was
installed, provided this link.

By 1888, Winnipeg had become the base statiom. W.F. King,
Chief Inspector of Surveys, occupied Winnipeg, and 0.J. Klotz the field
stations to the west.

For more than a year, both King and Klotz had urged the
establishment of an observatory in Ottawa to serve as a Canadian base
station. King, in 1887, had built a temporary observatory in his own
garden in Ottawa. This was followed three years later by the erection
of a small wooden building on a government lot on Cliff Street, over-
looking the Ottawa River, which served to house the astronomical
instruments until 1905. It was tied via McGill Observatory to Greenwich
in 1896, thereby becoming the reference meridian for the survey of Canada.
When the new Observatory on the Experimental Farm in Ottawa was occupied
in 1905, the reference meridian was relocated there. The time service
was based on the most modern astronomical clocks, transit instrument,
and recording equipment. A few years later a large meridian circle
telescope was added. A telegraph line into the time room, looping into
both the CN and CP telegraph offices, made it possible to send a time

signal to any part of the country served by telegraph.
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The new observatory expanded its time service within the local
government offices. An observing program was commenced which was
designed to improve the catalogue positions of stars used for the deter-
mination of latitudes in Canada. The greater part of the Canada-USA
boundary was defined in terms of latitude. Subsequently Canada partici-
pated in various observing programs aimed at improving the fundamental
star catalogue which is used internationally as the stellar framework
for celestial positioms.

Radio had become an accepted vehicle for the dissemination of
time prior to World War I. Following the war, daily reception of all
available wireless time signals was instituted at Ottawa. Locally
observed time was thereby compared directly with the time as determined
at Washington, Paris, Hamburg and Greenwich, and later at Rio de Janeiro
and Buenos Aires.

A team from the observatory occupied an observing site in
Stanley Park, Vancouver, in 1926, and again in 1933, as part of an
international effort to establish exact longitudes and to detect
continental drift, if such existed. On each occasion local time was
determined from star transits and compared with the time of reception of
a number of radio time signals. The results were inconclusive.

The broadcast of radio time signals from the Dominion
Observatory commenced during the 1920's, using the short wave part of the
spectrum. During the 1930's the call sign CHU, and the frequencies 3330,
7335, and 14670 kHz were assigned. Following World War II the transmitters
were removed from the Observatory to Department of Transport facilities on

the Greenbank Road , where they are at present. The power, efficiency and



13

precision of CHU have increased until today its output is monitored
world wide, and is particularly useful throughout the eastern half of the
North American continent.

R.M. Stewart, the scientist who was the first chief of the time
service, and who later became the third director of the observatory,
designed an ingenious Time Machine during the 1930's. It was a mechan-
ical device, controlled by a master sidereal pendulum. Incorporated in
the gearing was the ratio of sidereal to mean time, approximately 366%
to 365%, as well as the observed errer of the sidereal pendulum which
was a few hundredths of a second a day. The output, then, was mean
solar time. For over a decade this time machine was used to generate
the signals that were transmitted by radio and by direct wire from the
Observatory. It was superseded about 1950 by a quartz crystal clock.

In December, 1936, there was a reorganization of government
departments which involved the consolidation within the Observatory of
federal responsibility of timekeeping, magnetic survey, and seismic
research. The Meteorological Branch was thereby free to devote all its
energies to the rapidly increasing demands of the Meteorological Service.
This was followed in 1941 by an Order-in-Council which declared Observatory
time to be official for federal purposes.

The first quartz crystal frequency standard to be acquired by
the observatory arrived in 1941, the second in 1949. They paved the way
for Canada's entry into the electronic period of timekeeping, though it
was not without grave misgivings that the older astronomers saw the
pendulum clock become a museum piece. The quartz clock had the advantage

of subdividing the second into thousandths, whereas the pendulum has a
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basic period of two seconds. The early quartz clocks were uniform to a
few thousandths of a second per day, which was almost an order of
precision better than the pendulum. And the rapid improvement in

quartz oscillators during the 1950's resulted in a clock with a precision
of better than a ten-thousandth of a second per day. The pendulum, of
course, was bolted solidly to a pier which was anchored firmly to the
ground, and hence was subjected to the continuous vibration which is
known to seismologists as microseisms. By contrast the quartz
oscillator is carefully shock-mounted.

The small transit instrument was replaced by a photographic
zenith tube (PZT) in Ottawa about the same time that the pendulum was
abandoned. The PZT had the potential of measuring astronomical time
with ten times the accuracy of the transit instrument, and from the same
photographic plate one can measure the astronomical latitude with the
same precision. From 1952 onward, when the Ottawa PZT became operational,
Ottawa's contribution to international timekeeping was greatly improved.
Also for the first time, Canada was able to contribute information on
variation in earth rotation and polar wander, the two components of
geophysical as well as timekeeping interest. With the installation in
1968 of a second PZT just south of Calgary, Alberta, on the same
latitude as the PZT at the Roval Greenwich Observatory of Herstmonceux,
earth dynamics studies were extended to include a long term observational
program of continental drift.

The transition from the pendulum to the electronic (quartz)
clock was accompanied by a subtle change in outlook by astronomers. The

master clock had always been a sidereal pendulum whose rate was delicately
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adjusted to keep pace with earth rotation as measured by the stars. And
when once set in motion the sidereal pendulum was left undisturbed. It
was a simple matter to translate from sidereal to mean (solar) time.

The quartz clock was a product of the physics lab, and was
designed to measure the official international second, which was 1/86400
of the mean solar day. So the precisequartz clocks and atomic frequency
standards have, with rare exceptions, been built to give mean time, (now
atomic time), and sidereal time has become a derivative.

During the 1930's astronomers and other scientists became aware
that the earth was not a perfect timekeeper. Astronomers therefore
proposed changing the unit of time to the mean solar year, and it was
accepted by the International Committee of Weights and Measures.
Accordingly in 1956 the second was defined as ''the fractiom 1/31 556 925.9747
of the tropical year 1900, January 0, 12 hours Ephemeris Time'". It was
adopted by the International Astronomical Union in 1958. Ephemeris time
(E.T.) takes its name from the fact that it is based on the ephemeris
(i.e. the equations) that describe the motions of the members of. the
solar system, and it is determined by measuring the motion of the moon
around the earth.

The lunar clock, however, has its limitations. It can be
likened to the old style clock with only an hour hamd, except that in
this case the hour hand requires 27% days to make a circuit of the
celestial dial. It cannot be read with precision. For long range
astronomical work this presents no problem, but for the laboratory
scientist who requires time discrimination to the microsecond or better,

another solution was required.
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The solution came in the development of the atomic clock in

9, but

the 1950's. Initially it had a precision of a few parts in 10
subsequent advances now make it possible to determine the second of

atomic time to about a part in lO12 in the laboratory, and the end is

not in sight. Commercially available units have only slightly less
precision than the laboratory standards. Because of this the General
Conference on Weights and Measures (CGPM) redefined the ephemeris second

in the International System of Units as 9 192 631 770 periods of the
radiation emitted between two hyperfine states of cesium 133 in the

ground state.

Intercomparison of atomic standards now involves not only the
monitoring of precision broadcasts such as the Loran-C navigation signal,
but also the transportation of a portable cesium standard from one
laboratory to another. This has been done on a fairly regular basis by
the U.S. Naval Observatory in the course of monitoring their Loran-C
statioms.

The transmission of the Canadian time signals, via CHU, initially
dependent upon a pendulum clock, is today controlled by a cesium clock, and
monitored by T.V. link with the NRC standard. Furthermore, since the
second is now a physical and not an astronomical constant, it was logical
that in 1970 the facilities of the Dominion Observatory and the National
Research Council be amalgamated to form the Time and Frequency Section
of the Physics Division of NRC.

Because of the rapidity with which advancements are being made,
it is unwise to make any predictions concerning the future. At the moment

the NRC long beam cesium atomic standard, known as CS III, provides a
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means of determining the atomic second with an accuracy of about a part
in ten to the twelfth. Cs V, which is being built on the same principle
as Cs III but with improved technology, is in an advanced stage of
construction. Accompanying the improvements on the cesium standard at
NRC is an intensive study of the hydrogen maser which provides the best
source of uniform frequency which, in turn, is so necessary to the
development and testing of the cesium standard.

The search for perfection is not an end in itself. The demands
of other branches of science, including space research, are pushing hard

on the heels of the timekeeper.
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THE UNIT OF TIME

There are three natural units of time: the tropical year
marked by the return of the seasons, the lunar month marked by the
return of the new moon, and the day marked by passage of the sun causing
daylight and darkness to follow in regular progression. All other units,
such as the hour, minute and second, are man-made to meet the needs of
our complex society.

It might be noted in passing that the three natural units are
not even multiples of each other. The tropical year contains 365.2422
days, the return of the new moon occurs on the average in 29.53 days, and
there are 12.368 lunar months in the year. The ancients tried unsuccess-
fully to discover simple relationships. But the struggle with the
calendar does not form part of this discussion.

What time is, of course, nobody knows. One man's guess is as
good as another's. The present moment has been likened to the neck of a
sand glass through which the sands of time are passing in quick succession
and dropping into the great reservoir of the past. Fortunately this lack
of a satisfactory definition of time is, for most purposes, no great
handicap. All that is necessary is to be able to measure time. How
many days before this did that event happen - or how many days after?
These are for the most part the only questions concerning time that need
to be answered, the former affording the time order for writing the
history of things that are past, the latter assisting in planning or
predicting the things that are to come. One attendant problem, of course,
is the choice of a suitable unit of time. The unit has been based
progressively on the day, the tropical year, and a natural transition

period of the cesium atom.
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For the measurement of time there was supplied, when the earth
was created, an almost perfect clock. The earth was sent into space
spinning on its axis, and has since continued to travel in an orbit,
almost circular, about the sun. Since the easiest way to count the days
is to note each time that the rotation brings the sun overhead, a solar
day has been used as the ordinary unit of time. The introduction of
clocks forced the adoption of a mean solar day, because apparent solar
time, as displayed by a sundial, showed variations of as much as a quarter
of an hour fast and slow in the course of a year.

The second, defined as 1/86400 of the mean solar day, became
the fundamental unit of time. Earth rotation is measured by noting the
passage of stars across the meridian, and the resulting sidereal time is
translated into mean solar time by a simple formula. The primary pendulum
timekeepers were thus sidereal. When properly adjusted they were sealed
in air tight containers and left to run undisturbed in a thermally
controlled vault. Any residual rate and resulting clock error was
determined from the transit observations. The mean time pendulum time-
keepers assumed a secondary role, and were adjusted as necessary each
day.

In 1939, H. Spencer Jones, the Astronomer Royal, confirmed a
growing suspicion by showing from astronomical evidence that earth
rotation was not uniform (M.N. of the R.A.S. 99 541 (1939)). His argument
was to the effect that either the members of the solar system had
conspired to change their predicted positions by amounts proportional to
their orbital speeds, or else the earth had changed its period of

rotation. Hence the unit of time, one of the funadmental constants, was
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not a constant. So long as timekeeping to an accuracy of better than a

part in lO8 (about a millisecond a day) was still academic, the problem

the problem could no longer be ignored.

was not too serious. By 1950ﬁE§EEEEEEEEEEEEQ. Crystal clocks had been

developed to the point where they could be used to detect departures from
uniformity.
Universal time (UT), which is mean solar time referred to the

Greenwich meridian, is not uniform because of the following irregulari-

ties:

(1) A shift in the earth's crust relative to the direction in space of
the earth's axis of rotation, known as polar wander and measured as
a variation of latitude.

(2) A seasonal change, detected with the use of modern timekeepers,
which is assumed to be periodic and hence is predictable. It is
recognized as a slowing down of earth rotation in the spring near
the time of the vernal equinox, followed by a speeding up in the
autumn, and is perhaps due to meteorological causes.

(3) A gradual secular slowing down, amounting to about a millisecond
per century, which has little impact on the present discussion.

(4) A random unpredictable variation in earth rotation which may be due
to interaction between the core and the mantle of the earth. At
present the period of earth rotation is about 3 millisecond longer
than its average period during the 18th and 19th centuries. There
is no way of predicting when this slowing trend will reverse.

Polar wander had been recognized since the turn of the century.

About 1905, five small observatories were established as uniformly as

possible about the world at 39°08' north latitude. Using the same
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catalogue of stars and visual zenith telescopes of the same design, they
recorded the cyclical variation of latitude of each station, thereby
indicating the irregular motion of the pole of rotation with respect
to its mean position. The principal period is 14 months. Accompanying
the motion of the pole is an east west shift of the meridian of each
place, with a value of zero at the equator, and becoming maximum for
places at the north and south poles. The displacement is small, amounting
at Ottawa to a maximum error *30 milliseconds.

Modern observation of earth rotation on any one night can be
made with an uncertainty of 3 or 4 milliseconds, and by averaging over
a few nights can be reduced to a millisecond or less. The mean solar
time derived from this is called UTO. The Bureau International de
1'Heur provides corrections for polar wander and seasonal variation
which result in the following:

UTO plus correction for polar wander = UT1

UT1l plus correction for seasonal variation = UT2
UT2 is reasomnably uniform from day to day, but the inherent irregularities
due, in particular, to (4) above make it quite inadequate for the defini-
tion of the unit of time, the second. However, it must be noted that an
accurate knowledge of UT is essential in all modern endeavours which
require a knowledge of the attitude of the earth in space. Surveying,
celestial navigation, and the launching and control of space vehicles
are examples of such endeavours.

In 1952, Ottawa Photographic Zenith Tube (PZT) observations
began to contribute direct evidence of polar wander. By 1955 the Bureau

International de 1l'Heure was providing information on polar wander and
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seasonal variation to each of the national time services so that cor-
rections to the time broadcasts could be published in terms of UT2.

Responding to the general need for a revision in the unit of
time, the Conference of Fundamental Constants held in Paris in 1950 under
the Chairmanship of André Danjon, Director of the Paris Observatory,
proposed that the second be defined in terms of the year instead of the
day, in particular the year 1900. The International Astronomical
Union (IAU) at the General Assembly in Rome, 1952, gave its approval.

A resolution of the International Committee of Weights and
Measures, Paris in 1956, states that:

"The second is the fraction 1/31 556 925.9747 of the tropical
year 1900, January 0, 12 hours Ephemeris Time."

The reason for stating the year in this manner is that it
defines the second as a constant. The tropical year is decreasing at
the rate of 0.530 ephemeris second per century. It is thus easy to
relate any particular year to the tropical year for 1900.

Ephemeris Time (ET) is the independent variable in the
equations which describe the motions of the sun, moon, and planets. It
is essential to astronomy because it forms the continuous link between
observations of the remote past and predictions into the future. Further-
more it can be observed directly by observing the position of any member
of the solar system against the background of stars, and it is independent
of earth rotation. The usual practice is to observe the moon as the time
indicator and the background of stars as the celestial clock. 1Its
position can be determined by the use of transit instruments, and moon

cameras, and by the observation of lunar occultatiomns.
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Formal approval of the resolution by the IAU was given at the
General Assembly in Moscow in 1958.

The obvious practical problem is that ephemeris time is not
readily available. The moon does move faster than the sun or any of the
planets against the star background. Even so it requires 27% days to
complete one circuit. The position of the moon in its orbit is predicted
according to ephemeris time, but the observations are recorded in UT.

The discrepancy in the apparent position, both in right ascension and
declination, may be translated into an increment of time required for
the moon to travel this small distance along its orbit. It is the AT

between ephemeris time and UT, and is expressed in the form
ET = UT + AT

Observations must be averaged over a period of about a year to obtain a
determination of ephemeris time with a precision approaching a part in
109. As the time base is expanded to a century the relative precision,
according to Jean Kovalevsky (Metrologia, 1, 169, (1965)), approaches
about 3 parts in lOlO. While this is invaluable to the astronomer in
relating events of the past and projecting forecasts into the
future, it fails as a readily available time scale of short term high
precision for laboratory purposes.
by L. Essen and J.V.L.Parry

The first cesium atomic reasonator was built, at the National
Physical Laboratory, Teddington, England, and placed in operation in
1955. It was calibrated with respect to the value of the second of UT2

at the time. After a three-year experiment conducted jointly with the

U.S. Naval Observatory, the value of the ephemeris second was derived as
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9 192 631 770 £ 20 cycles of a transition of the cesium atom, and this
was also adopted by the International Astronomical Union in Moscow in
1958. But the proposal to adopt it as an alternative to the ephemeris
second was rejected. Promising research with other elements, principally
hydrogen and thallium, raised the question as to which one would ulti-
mately show the greatest precision and be readily reproduced at each
repetition of the experiment.

Further research into the cesium resonator resulted in a
greatly improved accuracy and reproducibility of laboratory standards,
and also led to the introduction in quantity of commercially designed
atomic clocks of high precision. Time could be intercompared between
laboratories to the microsecond or better, and frequency to a part in
lOll. From the standpoint of the physicist all the requirements of high
accuracy and of long term continuity were being demonstrated by the
cesium atomic clock. The passage of years confirmed the original value,
and in October, 1967, the General Conference on Weights and Measures
(CGPM) defined the second in the Intermational System of Units as
9 192 631 770 periods of the radiation emitted by the transition between
two hyperfine states of the cesium 133 atom in the ground state.

At the same time the CGPM recognized the continuing use of the
ephemeris second in all astronomical computatioms.

There was a continuing requirement for mean solar time in civil
activities such as surveying, celestial navigation, and space exploration.
Initially this was met by offsetting the output of the cesium standard to
produce UT2. The offset was established on January lst for the ensuing

year, and any departure due to a change in earth rotation was accommodated
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by a step adjustment of a fraction of a second at the beginning of a

month. The time and frequency produced in this manner was coordinated

through the Bureau International de 1'Heureand called Universal Time

Coordinated (UTC).

As the table indicates, the offset in frequency commenced in

1961, and continued for 11 years. The system was inadequate because,

while it indicated UT with but small error, it did not make the unit of

time readily available.

Offsets and Step Adjustments of UTC, Until 1973 Dec. 31

Date (at Oh UT) Offsets
1961 Jan. 1 ~150 x 1010
Aug. 1 "

1962 Jan. 1 -130 = 100
1963 Nov. 1 "
1964 Jam. 1 ~150 x 1010
April 1 "
Sept. 1 "
1965 Jan. 1 "
March 1 "
July 1 "
Sept. 1 "
1966 Jan. 1 -300 x 10710
1968 Feb. 1 "
1972 Jan. 1 0
July 1 "

1973 Jan. 1 "

Steps

+0.050°

-0.100

-0.100
-0.100
-0.100
-0.100
-0.100
-0.100

+0.100°

-0.107 7580°
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On January 1, 1972, the offset was removed from UTC, and the
atomic second became the practical unit of time. The UTC clock now runs
fast with respect to UTl, gaining about 3 milliseconds a day, or a little
more than a second a year. Should the rate of earth rotation accelerate,
it is quite possible for the UTC clock to lose with respect to UTl. In
any case, provision has been made to adjust UTC by the addition or
subtraction of a "leap" second at appropriate intervals so that at no
time will UT1-UTC exceed seven tenths of a second. The dates for
applying the leap second are July 1 or January 1 at zero hours UT.

Since UT1l is running slow, leap seconds must be inserted so that UTC will
be retarded. This was done July 1, 1972, and January 1, 1973.

A paper value of atomic time called International Atomic Time
(IAT) was extended back to January 1, zero hours, 1958. At the end of
December, 1971, UTC was just a little less than 10 seconds slow at IAT.
In order to make it ten seconds exactly, an increment of 0.107758 second
was added to UTC. Each successive leap second has therefore resulted
in the difference IAT-UTC being an integral number of seconds.

The difference, DUTI = UT1-UTC is indicated to the nearest
tenth of a second by emphasizing certain seconds pulses on the radio
time signals. On the signal emitted by the National Research Council of
Canada time transmission, CHU, the emphasis is achieved by removing the
central third of a pulse which is normally 0.3 second long, so that it
sounds like a double pulse. If UT1 is fast, appropriate pulses between
1 and 7 are emphasized, and if UT1l is slow, seconds 9 to 15 are used.

For instance, if UT1 is ahead of UTC by 2 tenths of a second, then

pulses 1 and 2 will sound like double pulses, while if UT1l is slow by
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3 tenths of a second, then pulses 9, 10 and 11 will be emphasized. The
zero pulse of each minute is always lengthened and is never used for this
program. Its leading edge marks the beginning of the minute.

The present system for the radio transmission of time signals
makes the official unit of time instantly available. For some types of
field work this is a close enough approximation to mean solar time (UT1).
The correction, DUT1l, can be applied, yielding UT1 to the nearest tenth
of a second. Some time transmissions have a further incoded correction
which can be applied to yield UTLl to 0.02 second. Frequently precision
of this degree or better can await the published corrections to the
signals.

Finally, then, the unit of time is known with greater precision
than any of the other primary units, and it is available to all who wish

to utilize it.
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The Beginning of the Long Dash, by
Malcolm M. .Thomson; University
of Toronto Press; 190 pages;
$17.50

By Don W. Thomson

Time, like space, is a2 human con-
cept and the true nature of both
conditions remains mysterious to our
minds. ‘*What time is, nobody
knows,” this author states in his
landmark history of timekeeping in
Canada.

But both time and space are mea-
surable, time more precisely than,
say, outer space. In fact, time can
now be measurcd with the utmost
exactitude. Such precision developed
because it was and is a basic service
to marine navigators, land surveyors
and rescarch workers.

Nowadays this service is made
available to the Canadian public by
television, radio, tclephone, by sec-
ond impulses, bilingual voice
announcements and special code.
But the most widely known is the
CBC signal of 1 p.m. “at the begin-
ning of the long dash.”

From 1840 to 1973

The title is inspired yet natural.
The volume is handsomely printed
and well illustrated. The writer
makes no pretence at any literary
style. His sentences convey facts
with clarity and objectivity, the re-
sult testifying to Thomson's exhaus-
tive research.

His story of Canadian timekecp-
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ing, 1840-1973, portrays the pro-
gress from primitive equipment to
the most sophisticated devices now
in any laboratory anywhere. He
gives much of the credit for im-
provements to such scientific organi-
zations as the National Research
Council of Canada. The Dominion
Observatory, Ottawa, was a pioneer,
pressed by the needs of the early
prairie land surveys and of the CPR
construction.

It would be misleading to suggest
that Thomson's scholarly, conscienti-
ous writing is packed with human
interest. Yet he summarizes with
skill the careers and contributions of
men of vision, dedication and abili-
ty. trail blazers in more than one
discipline.

These include Sandford Fleming,
one of the foremost advocates of
standard time zones, E. G. Deville,

Ll
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0. J. Klotz, W. F. King, W. S. Mc-
Clenahan, R. M. Stewart and C. S.
Beals, nearly all of whom worked in
Ottawa. The author, another Ottaw-
an, in modesty makes no claim for
entry to this Hall of Fame but
undoubtedly belongs there.

The author points out that by the
1920s radio began revolutionizing
time distribution as electrical simul-
tancity over great distances, without
relaying devices, became possible.

During the period covered by
Thomson's book the astronomical
pendulum achicved its finest perfor-
mance as a timckeeping mechanism.
In the years following its introduc-
tion it would be displaced first by
the quartz oscillator, then by th
atomic resonator. The unit of time_
known as the second, is now defined
in terms of the cesium atom.



Daylight Saving Time

It was not until the beginning of World War I that the adoption
of daylight saving time was seriously considered, although propaganda
had been carried on for some years previously. In 1916 an Act of Parliament
legalized its use in Great Britain, and since that time it has been
maintained there. The United States adopted daylight saving over the
entire country in 1918, and in 1919 its use there was fairly general.

Now, by the Uniform Time Act of 1966, the entire U.S.A., with the exception
of any State which exempts itself, observes daylight saving time each
year from the last Sunday in April to the last Sunday in October.

In Canada, the Dominion Government, bth%ylight saving Act of 1918,
required the adoption of daylight during the summer of that year. After
1918, the act lapsed.

During World War II there were three Orders-in-Council passed under
the War Measurers Act dealing with the observance of daylight saving tinze:

(1) PC4494, 20 September 1940,directed "that Daylight Saving
Time, so called, (being one hour in advance of Standard Time) observed
during the past summer months, shall continue to be observed until
such time as the Governor-in-Council may otherwise order in the
Province of Quebec and in the Province of Ontario by all persons,
firms and corporations resident or carrying on business therein
except transportation companies and telegraph companies."

(ii) PC547, 26 January 1942, ordered that "as of and from 2:00
A.M. Standard Time, Monday, February 9th, 1942, until otherwise
ordered, the time for all purposes in Canada shall be one hour in
advance of accepted Standard Time, and that Daylight Saving Time
shall be observed by all persons, firms, corporations and public
authorities, without exception, situate, resident or carrying on
business in Canada."

(iii) PC6102, 14 September 1945, revoked the above.

Several provinces have legislation controlling provincial or municipal
adoption of daylight saving. In recent years, due mainly to the impact
of radio and television, and perhaps influenced by legislation within
the U. S. A., it has becme an established custom in Canada, where daylight
saving is observed, to advance the clocks for the six month interval

from the last Sunday in April to the last Sunday in October.



William Brydone Jack and the Maritime Surveys
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:U.S. Congress approves 3-week extension of

WASHINGTON (AP) — Congress has passed

; legislation to lengthen daylight-saving time by
» three weeks.

. In a voice vote Tuesday, the House of Rep-

resentatives sent the proposal, which has the

.support of the administration, to President

> : daylight-saving time

Fal

T £ change.

Ronald Reagan’s desk.

Under the plan, beginning next year people
would set their clocks ahead an hour on the

i

¢

first Sunday in April. Since 1966, daylight-say- |

ing'time has begun on the last Sunday in ;
April. The date for reverting to standard

L

1.
time, the last Sunday in October, would not {’

In Canada, daylight-saving time begins.and

Lot ends the same time as it is in the United

“ States now. Officials

have said they would |

consider matching any U.S. changes. T ‘

By JULIAN BELTRAME
Southam News

HALIFAX — The time may
soon be a-changing in Newfound-
land.

A government green paper
offers Newfoundlanders several
compelling reasons to question
the wisdom of continuing to ob-
serve their idiosyncratic half-
hour time zone.

Newfoundland Standard Time
dates back to 1875, when St.
John’s adopted a time three
hours and 30 minutes behind
Greenwich mean time, half an
hour ahead of Atlantic Standard
Time and 90 minutes ahead of
Toronto and Montreal.

Today, it is the only jurisdic-
tion in North America stuck be-
tween time zones.

In 1963, Premier Joey Small-
wood attempted to change time
by adopting Atlantic Standard,
but so great was the protest that
even the dictatorial Smallwood
relented. A second attempt in
1967 fared no better.

The problem with Smallwood’s
proposal, said Bill Frost, assist-
ant deputy minister of culture,
was that he wanted to set time 30
minutes back to conform with
Atlantic Standard, thereby com-

Newfie clock may go
extra 2-hour ahead

pounding the problem that the
half-hour zone was intended to
address.

Newfoundlanders’ main com-
plaint is not-so much with being
stuck between time as being
stuck in the dark most of the
time.

During December, Newfound-
landers watch the sun set just a
few minutes past 4 p.m. In June,
they can spy the first light in the
east as early as 4:08 a.m.

The green paper lays out five
proposals. They range from ad-
vancing standard time by half an
hour to extending and/or dou-
bling Daylight Saving Time,
along with different combina-
tions of the three.

Besides stressing the obvious
advantages of increased time for
leisure activities in daylight and
holding out the possibility of re-
duced traffic accidents, the
paper argues that in this case,
time advanced is money saved.

According to the National Re-
search Council, consumers would
save between $1.20 and $1.50 in
energy costs for each month time
is advanced one hour. In addition,
the province could save up to
$400,000 in electrical and heating
bills.

MONTREAL GAZLETTE
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Ontario aims to advance
Daylight Saving Time

By Jack Aubry
Citizen staff writer
It should be a little brighter in
Ontario and Quebec this spring.
The Quebec government tabled
legislation Wednesday to intro-
duce Daylight Saving Time three
weeks earlier than usual, starting
this- April, and i
Ontario is pre-
paring to fol-
low suit.
Quebec be-
comes one of
the first prov-
inces to follow
the lead of the
U.S., where
Congress has
already °
changed the
start of Day-

Allan
Law by spring

potential ener
has tried to slee
knows the deligh

Duncan Allan, Ontario’s deputy
minister of energy, said today his
government is preparing similar
legislation, which should be law
by spring. While he did not know
when a bill would be tabled, he
predicted that it would be done
soon because Ontario municipali-
ties will have to be given advance
notice of the change.

“The overwhelming reality is
that it would be enormously dis-
ruptive if we didn’t follow suit.
Just airline, television and radio
schedules alone would be greatly
affected if we didn’t,” he said.

Quebec Justice Minister Her-
bert Marx tabled Bill 148 Wednes-
day at the National ‘Assembly in
Quebec City.

Canadian governments have
been interested in extending Day-
light Saving Time by a month or

ing” Time. Governments €ven two for 10 years, but were
+-—a_al._waiting for the Americans to take

Enlightened April

An earlier start to Dayligh i i
h‘as long made sense to galga(gia'tsrils‘m’ll‘gheTlI{II:aef
tional Research Council has docurxiented the

8y savings. And anyone who

p in these latitudes in April
9 ts of 4 a.m. sunrises. |
ut changes here had to await ‘

»f the measure say
energy, reduce traf-
provide more recre-
1 benefit the sport-
barbecue industries.
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Table |. Time Districts Legislated in Canada

Legislative UTC Offset Time Zone DST Start DST End Ref for
Jurisdiction Standard DST Sun in Apr Sun in Oct 1987
Yukon -8h -7h  Pacific first? last announcement?
British Columbia -8h -7h  Pacific first last Reg 284 (86)

-7h -6h  Mountain first last Reg 284 (86)
Alberta -7h -6h  Mountain first! last announcement’
Saskatchewan -7h -6h  Mountain last last definite

-7h no Mountain Standard Time year-round (option)

-6h no Central Standard Time year-round
Northwest -7h -6h2 Mountain first? last announcement2
Territories -6h -5h2 Central ﬁrst2 last announcement?

-5h 4h?  Eastern first? last announcement?

-4h <3h2 Atlantic first® last announcement?
Manitoba -6h -5h  Central first3 last announcement®
Ontario -6h -5h  Central first last Bill 58

-5h -4h  Easten first last Bill 58
Quebec -5h -4h  Eastern . first last Bill 148

-4h -3h  Atlantic first last Bill 148
New Brunswick -4h -3h  Atlantic first last OIC 86-985
Prince Edward -4h -3h  Atlantic first last EC 710/86
Island
Nova Scotia -4h -3h  Atlantic first last OIC 87-66
Newfoundland -3.5h -2.5h  Newfoundland first® last announcernent®

0 Yukon - decision at cabinet meeting 87-07. Public memorandum to follow.

1 Alberta - announced intention (Attorney General Feb. 13, 1987).

2 NWT - DST except for Southampton Island(s) - announced intention (Mar. 2, 1987).

3 Manitoba - announced intention, Bill 2. First reading Mar. 2, 1987.

4 Newfoundland - announced intention (Minister of Culture Feb. 13, 1987).

(Prepared by Rob Douglas, NRC,

9 Feb, 1987)
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WILLIAM BRYDON JACK AND THE MARITIME SURVEYS

William Brydon Jack (1819-1896) was borm in the Parish of
Linwald, Dunfries-shire, in Scotland, on the 23rd of November 1819.

The son of a stone mason and master builder, he attended the local
parish school, and later Halton Hall Academy at Caerlaverock. In 1835
he entered the University of St. Andrews in Fifeshire, where he
distinguished himself for proficiency in mathematics and physics, carrying
off top honors in both these subjects. He graduated with the degree of
M.A. in 1840. Shortly thereafter two opportunities presented themselves.
One was the chair of physics in Manchester New College, as successor to
the celebrated Dr. Dalton, and the other was the position of Professor

of Mathematics, Natural Philosophy and Astronomy in King's College (later
University of New Brunswick), Fredericton. He was advised by Sir David
Brewster, Principal of the University, and by other friends, to take the
latter, since the Manchester posting was considered too arduous for one
who had not yet attained his twenty-first birthday. The advice was
followed. Jack considered it as a temporary posting of a year or two,

to be followed by a more important appointment elsewhere. Fortunately
for Fredericton and the Maritimes he remained, and contributed forty-five
years to the institution he had come to hold in high regard, twenty-five
of them as President of the University of New Brunswick.

Professor Jack's chief concern was to improve the educational
facilities afforded the young people of the province. Sir Edmond Head,
Lieutenant Governor of New Brunswick from 1847 to 1854, and himself a
scholar, gave him every encouragement. In 1851 Jack supervised the

construction of a small observatory. It was designed with economy in

£
poe
Go
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mind, in the hope that it would serve as a useful pattern for any amateur
astronomer wishing to build one for himself. Jack was pleased with its
efficiency. The College purchased from Merz and Son of Munich a 6-inch
equatorial that was for some time considered to be the best in British
North America. A transit and chronometer were obtained on loan from the
Commissioners of the Boundary Survey between Canada and New Brunswick.
Many hundreds of careful observations made by Jack marked him as an
enthusiastic scientist who enjoyed the practical as well as the theoretical
nature of his workgl)ﬂis was the first astronomical observatory to be
built in Canada.

Prior to 1835 there was no fixed astronomical observatory on
the North American continent, and hence no place where a standard
meridian could be drawn. This is not to say that positions were not
determined. Men of the Royal Navy who carried on extensive surveys on
both the inland and coastal waters of Canada attempted to measure the

(later Admiral)

coordinates of key positions. When Captain,H.W. Bayfield, R.N., commenced
his survey of the St. Lawrence River and Gulf in 1827 he had already spent
nine years on the inland waters of the Great Lakes(.2 Quebec City became
his headquarters for the next fourteen years. From his temporary
observatory on the Plains of Abraham he exercised the utmost care in
extending the surveys along to Anticosti, the Magdalen Islands, Prince
Edward Island, Cape Breton and the coast of Nova Scotia as far as Halifax.
It was all by triangulation, supplemented by astronomical observatioms.
This was before the days of the cable across the Atlantic. Hence there

was no direct link with Greenwich by means of which local time could be

compared and differences of longitude determined. There was, however,
(1) The Cenesis of the University of New Brunswick, by Archdeacen W. 0. Raymord (1918),
Harriet irving Litrarv, UNB, Frecericton, N.B.
(2) Men & Mericians, by Con Trarscn, Vol 1, 19€8, page 168.
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a link through the stars in the form of special astronomical tables which
gave the position of the moon against the background of stars for every
hour of the day in Greenwich time. Lunar distances, as the method was
called, was a way by which one could determine Greenwich time from any
location around the world. Transit observation of the stars, on the
other hand, yielded local time, and the difference between local and
Greenwich time was a measure of the difference in longitude from
Greenwich. The instant that a star disappears behind the advancing
limb of the moon, or emerges from the opposite limb, called an
occulation, is the most precise method of reading the lunar clock.
Occulations were (and still are) predicted. Other phenomena which were
also used to determine Greenwich time, and hence local longitude, were
the disappearance of Jupiter's satellites, a transit of Venus or
Mercury across the disc of the sun, and a solar eclipse. But these
methods were cumbersome even for a land-based observer, and were not at
all suited for marine navigation.

In 1839, Harvard College Observatory was founded with W.C. Bond
as Director. Bond was not only a skilled technician, being a clock maker
by family tradition, he was also an ardent and painstaking observer. He
gathered the observations of the longitude of Harvard dating back to
1743. They involved all the techniques referred to above. 1In addition
observations made at other U.S.A. locations were ultimately linked to
Harvard by telegraph. The most advanced technique emploved by Bond was
the transport of chronometers across the Atlantic. The same observer
would check the time and rate of each chronometer at each end of the

run, Liverpool and Boston, and derive a value for the difference in
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local time between these two centres. Great care was taken of the
chronometers during the trans Atlantic voyage. By 1855 a total of 988
exchanges had been accumulated, and this resulted in the longitude of
Harvard College Observatory being established with greater evidence than
any other location in the western hemisphere. It, therefore, became the
fundamental reference point for all coastal and inland surveys of the
United States, and ultimately of Canada.

In the early 1850's when Captain Bayfield and Commander
Shortland were advancing their surveys of the Gulf of St. Lawrence and
the Bay of Fundy, respectively, the need to adopt a reference meridian
for the longitudes of their maps and charts was recognized. Should it
be Quebec City or Harvard College? The former had been adopted by the
British surveyors, and the latter by the Americans, leading to a
discrepancy along the Maié?New Brunswick Boundary of upwards of a mile
and a half. 1In order to preserve uniformity, Airy, the Astronomer Royal,
agreed with Admiral Beaufort, Chief of the U.S. Hydrographical Bureau,
that Harvard College be used in preference to Quebec City. There was
greater evidence in support of its adopted longitude.

W.C. Bond was most receptive to their request for a telegraphic
exchange of time, and was able to secure financial and instrumental
assistance to equip a temporary observatory which was established by
Shortland near the Government House at Halifax. 1In 1852 the three
stations, Halifax, Bangor Maine and Cambridge (Harvard College) were
connected bty Eastern Telegraph line; a total distance of about 770 miles.
Bond described the operation in the following manner. '"The touch of the

observer on the break circuit key at Halifax, at the instant of the
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passage of a star over the wire of his transit instrument, was recorded
by the armature magnets at each place; and subsequently the passage of
the same star was in like manner recorded for Bangor and Cambridge. A
single operation of this kind determined the difference in longitude of
these points within half a second of time.'" (Report of the Harvard
College Director for the year 1852.)(3 The exercise continued with
several such star transits so that the longitude of Halifax was defined
to the hundredth of a second with respect to Cambridge.

In due course the report of P.F. Shortland's work came to the
attention of W. Brydome Jack. In 1854 he wrote to W.C. Bond, whose
acquaintance he had made some years previously and with whose work he
was familiar, requesting his cooperation in determining the longitude
of Fredericton with respect to Cambridge, using the electric telegraph
method. '"The mean of a vast number of observations which I have made,
give, from the calculations in the Nautical Almanac, the longitude of
this place 20 seconds of time less than that usually received as correct.

I have depended upon a clock made and regulated to sidereal time by
Dr. Toldervy, here, and his transit, which is steadier than mine, has
been used in all observations of lunar culminations. ... The Telegraph
Office here is close by Dr. Toldervy's observatory so that there would
be no difficulty in making a connection with Boston.'" (Jack to Bond
(%)
July 10, 1854.)

Dr. James B. Toldervy, a graduate of London and Glasgow, had
applied to King's College in 1837 for the position of Lecturer in
Chemistry and other branches of Natural Philosophy, but the position
as been granted to Dr. James Robb. It would appear that Toldervy was

(3) Harvard University Archives.
(4) Harriet Irving Library, University of Yew Brimswick, Fredericten, N.B.
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held captive by the atmosphere of the university and by the friendship
of men such as W. Brydone Jack.

The two men collaborated in the time exchange with W.C. Bond
in January and February of 1855, and found the correction to the adopted
longitude of Fredericton to be of the same sign but considerably smaller
in size, i.e., approximately 2 seconds of time instead of the 20 seconds
Jack had observed. The measured longitude of Fredericton was 66° 38'
215 W, (4" 26™ 33543 ).

Jack reported the results of this work to the Honourable John
Henry Thomas Manners Sutton, successor to Sir Edmond Head as Lieutenant
Governor of the Province of New Brunswick in a letter dated March 5,
1855:

""™ay it please your Excellency,

"Encouraged by your Excellency's predecessor (Sir Edmond Head),
we, the undersigned, undertook to verify the Longitude of Fredericton by
means of the Electric Telegraph leading therefrom to Boston; and having
now accomplished that object, we beg to report to your Excellency the
result of our operatioms.

"The Government of the United States has spared neither pains
nor money in determining by the most approved astronomical methods, and
by interchanges of upwards of one thousand chronometers, the difference
of longitude between Greenwich and Harvard College Observatory, in order
that the latter might serve as a point of reference in conducting the
operations of the coast Survey. By our telegraphic communications with
Boston, and through the kind cooperation of Professor Bond and his

assistants, we have, at a comparatively insignificant amount of trouble
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and expenditure, been enabled to avail ourselves of the labours undertaken
for the above mentioned purpose, and thus to ascertain the longitude of
Fredericton with probably an equal degree of precision.

"It was originally intended to have an unbroken telegraphic
communication between the Fredericton Observatory and that of Harvard
University; but in consequence of the wires from the latter to the office
in Boston being out of repair, Professor Bond found it necessary to trust
the two excellent sidereal chronometers for the interval, and remarks
that "on examination, I am induced to believe that no greater error has
arisen from this source than would have taken place had the communication
been made from the room adjoining the Transit Instrument'.

"Professor Bond's chronometers were carefully and repeatedly
compared with his Transit Clock, and with each other, both before and
after interchanging signals, so as to ascertain their error and rate;
and at both Observatories, on each day of operations, the meridian
passages of a number of stars were observed in order to obtain the error
and rate of the Transit Clocks. But we need not trouble Your Excellency
with the tedious details and long calculations connected with this part
of the work.

"The longitude of Fredericton having been thus verified and
ascertained with an exactness much greater than it could have been done
by any other method, it might be used as a centre of operations for
determining, with equal exactness, the longitudes of all the other places
in the Province that are connected with it by Telegraph wires. To do
this would be a matter of much importance to the geography of the country
in general; and so far as the sea-ports are concerned, it would also be

of great service to navigation.
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"In conclusion, we would beg to observe to Your Excellency that
we are much indebted to Professor Bond for his kindness and courtesy in
cooperating with us, and for the gratuitous services which he has rendered.
We are also under deep obligations to the different Telegraph Companies
between Fredericton and Boston for the readiness with which they placed
their lines at our disposal, and for the attention and liberality which
we uniformly experienced at their hands."

With the encouragement of Sir Edmond Head, who in 1854 became
Governor General of Canada, and with a letter of instruction dated
August 3, 1855, from the Provincial Secretary, Jack and Toldervy commenced
their task of determining the longitude of several places in the Maritimes
so that the geography of the province might be more accurately known.
Their first effort was directed to the important port of Saint John.

Here they had the enthusiastic cooperation of William Mills, a well
respected teacher in the Commercial Mathematical School, who had a private
observatory on Garden Street near the Roman Catholic Cathedral.

Toldervy in Fredericton and Jack in Saint John determined the
corrections of their individual clocks from star transits both before
and after an exchange of time. The exchange took the following form.

Dr. Toldervy commenced tapping seconds in synchronism with his chronometer
at 20 seconds after the minute, his telegraph key operating a break
circuit. The beats continued until the 50th second, followed by a 10-
second gap, then a single sharp tap on zero of the minute. The sequence
was then repeated, the single tap on zero defining the signal, while the
succession of taps from 20 to 50 permitted Jack to determine the tenth

of a second by which the signal differed from the local chronometer. The
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sequence was then reversed with Jack tapping out pulses in synchronism
with his clock, from which Toldervy judged time on his local clock to
the nearest tenth of a second. It should be noted that when exchanges
were made with Cambridge, the impulses could be recorded on the spring
governor (drum chronograph), an invention by Bond which improved the
accuracy of transit observationms.

The longitude of Saint John proved to differ but little from
the value determined by Admiral Owen. Later, Jack learned that Owen had
derived his value by transporting chronometers from Boston and back, and
having them carefully rated by Bond. In effect, then, Jack was verifying
the earlier work but with improved instrumentation. The August 1855
observations gave the position of W. Mills observatory as 45° 16' 42" N,
66° 03' 4335 W (4" 24™ 14589 W).

The following year, during July and August, longitude deter-
minations were extended to Grand Falls and Little Falls (later called
Edmundston in honor of Sir Edmund Head). Two values had been recorded
for these centres, one with Cambridge as reference, the other with the
Admiralty value for Quebec City. Jack and Toldervy verified the American
measurement. In the ensuing discussion, the Astronomer Royal, G.B. Airy,
said that this result was to be expected, since they had used the
American reference meridian. Ideally the observations for the Quebec
longitude should have been combined with all the others that were used to
define Harvard College Observatory and then the Quebec longitude adjusted.
But since the adjustment could not be readily performed at this juncture,
Airy felt that it was preferable for the sake of uniformity to use a

single datum, namely, Harvard College Observatory, for the whole continent.
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Prof. Brydone Jack would have liked very much to have become
involved in the larger operation of extending the longitude network to
other parts of Canada. In a letter addressed to the Astronomer Royal,

9 October 1857, he states in part: "I wish some systematic and uniform
plan were adopted for obtaining by Telegraph differences of longitude

in the British North American Provinces. In the construction of maps,
great and almost irreconcilable discrepancies are now found to exist,

as has been experienced by Sir W. Logan in Canada. I would like very

much to be engaged in such work." Doubtless his meticulous attention

to detail, his apparent lack of profit motive and his demonstrated
scientific ability would have caused such an endeavour to remain as a
monument to him. He was instrumental in determining the correct position
of the time ball observatory at Quebec City, and his measurements were
used when the time ball observatory was established in Saint John in

1870. It was Lieut. E.D. Ashe, R.N. of Quebec City, who was commissioned
to extend the longitude network in Canada. This he proceeded to do with
almost overbearing assurance but somewhat less devotion to scientific
detail, his main course of instruction being the few weeks of collaboration
with Jack in the November 1855 telegraphic exchange between Fredericton and
Quebec. In 1860, W. Brydone Jack became President of his college, newly
named the University of New Brunswick, and henceforth was more than ever
completely involved with educational matters.

There is no evidence that the splendid equipment of the
Observatory was ever engaged in the routine observations that would be
required for the maintenance of a time service, either on campus or

within the city of Frederictonm.
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Mr. Fred Phillips of the New Brumnswick Provincial Archives has
provided the information that Fredericton was a garrison town from about
1847 to 1869, and that an evening gun was fired daily from Artillery
Park. No little annoyance was caused to some of the nearby residents by
the window rattling noise. Much more pleasant have been the bells in the
tower of Christ Church Cathedral from which, since 1853, the hours have
been rung, while chimes have marked each quarter hour. A fire in 1911
caused an interruption while repairs were effected and a finer set of
bells was installed. Bells have also tolled the hours from the clock
tower of the city hall from 1878 till the 1950's, and since 1930 from the
clock tower of Lady Beaverbrook Hall on the campus of the University of
New Brunswick.

A relic perhaps of garrison days is the weathered remains of a
sundial (described by J.E. Kennedy in J. RASC 66 311 (1972)) on the east
end of the New Brunswick Liquor Control Warehouse. Barrack block is the
alternate name applied to this old building, indicating that it may date
back to pre-Confederation days and that the sundial may have played an
important role as a timekeeper within the community. Sundials were
generally accepted as a means of determining time. The correction from
apparent to mean solar time, called equation of time, was published in
almanacs of early colonial days, so that clocks could be regulated from
a sundial with all the accuracy that was required.

By the 1late 1880's the time service of the Saint John
Observatory was being extended throughout the province by the telegraph

line, and sundials tended to become ornamental rather than functional.
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Immersed as he was in the affairs of the University, Prof. Jack
nonetheless found time to make regular meteorological observations, and
to forward them to Toronto in support of the Canadian weather forecasting
program initiated by Prof. G.T. Kingston. In 1882 he participated in the
Canadian campaign, organized by Charles Carpmael of Toronto, to observe
the transit of Venus.

"The transit of Venus in 1882 undoubtedly stimulated a con-
siderable amount of interest in this country but the solid growth of
astronomy in Canada owes its origin chiefly to problems associated with
the surveying of large areas within our far-flung borders. A substantial
debt of gratitude is owed also in this field of effort to trial-blazers
such as Sir Edmund Head and Dr. Jack. Their foresight and bold action,
despite formidable obstructive and discouraging forces, made it possible
for Canadians in later years to meet in praiseworthy fashion a great

challenge." (Don W. Thomson 'Men and Meridiamns'", Vol. 2, p. 260).



QUEBEC CITY
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UEBEC

An observatory at Quebec City, for the purpose of providing
correct time for the benefit of the shipping of the port, had been
advocated since the early 1840's. Captain Boxer, the Harbour Master of
Quebec, Sir Richard Jackson, the Commander of the forces in Canada, the
Council of the Board of Trade of Quebec City, and Professor G.B. Airy,
the Astronomer Royal, had all spoken in its favour.

In a report which was made to Lord Stanley by Prof. Airy in
1844, it was stated that he fully endorsed Captain Boxer's reasons for
the establishment of an observatory. '"In every port which has the same
amount of commerce as Quebec" wrote Airy, ''there should be provided
means for obtaining time with that security which can be given only by
the sanction of official authority. But it is especially desirable in
a port where physical circumstances make it so difficult for mariners to
conduct successfully the ordinary operations of nautical astronomy for
obtaining time."

The Admiralty approved the construction of an observatory at
Quebec. Airy was requested by Benjamin Hawes, Secretary of the Colonial
Office, to submit a report concerning communications from the Ordinance
dated 1lst of March 1847, and from the Commanding Royal Engineers in
Canada dated 11 January 1847, also concerning two original plans relating
to the observatory and time signal which was proposed for the '"terreplein
of Man's Bastin on Cape Diamond, Quebec.'" Airy made a full report for
the consideration of Earl Grey, Colonial Secretary. Three of his seven
suggestions have lasting relevance, while the others, dealing with

details of the time ball machinery, may be considered to have little
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importance. They refer to the design of an installation that was not
used. Airy's report included the following:
"1. For the visibility of the signal ball, it is necessary that as seen
from the ships in the river and from their neighborhood the ball should
be projected against the sky. And for the adjustment of the transit it
is desirable but not necessary that some object should be commanded in
the north or south direction at a distance not less than two miles. I
merely call attention to these points presuming that they have been
regarded in the selection of the site.
2. The terrepleine of the bastion is undoubtedly made ground. It will
be highly desirable that the pier supporting the transit should be
founded upon the natural ground or rock.
3. The general size and plan of the buildings appear to me well adapted
to the object in view. (I presume that the person who has charge of the
observations will reside at no great distance from it.) I would vaguely
suggest for the consideration of the engineer officer, and entirely in
submission to his judgment the following point. In constructing two
temporary observatories I have found very great convenience in making the
opening for observing along the length of the ridge of the roof instead
of transverse to it. Less difficulty was found in excluding rain (by a
simple hinged shutter) than in any other construction which I have seen.
I think it probable also that the whole building might be made a little
lower (preserving the same elevation of the transit) which appears to
be brought in these plans as a desirable object. etc.

These are all the points which occur to me at present as

requiring a remark. But I shall be happy at Earl Grey's request to
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answer any other questions upon this subject.
I am
Sir
Your obedient servant
(G.B. Airy)"

The next correspondence has to do with the appointment of an
officer to be in charge of the observatory, and in this connection the
following is quoted:

"Admiralty, 11 June 1850, to Herman Merivale, Colonial Office.

Having laid before my Lords Commissioners of the Admiralty your
letter of the 30th ultimo, requesting by the desire of Earl Grey that a
Lieutenant of the Royal Navy on half pay may be selected to be placed in
charge of the Observatory at Quebec, who will receive an allowance of omne
hundred pounds (£100) per annum together with quarters, fuel, and candles,
and rations for himself and servant, I am commanded to acquaint you for
the information of Earl Grey that their Lordships recommend Lieut. Edward
D. Ashe, R.N. as the officer to be appointed to the Observatory. Lieut.
Ashe's address is:

15 Brampton Crescent,

I have the honor to be

Sir

Your most obedient humble servant,

(J.H. Hay.)"
A footnote to the letter states: 'Governor General to be informed, -
Lieut. Ashe to be directed to wait upon the Astronomer Roval and report
his selection to him and to take his instructions as to the instruments

to be sent out."
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Lieut. Ashe had been injured at Valparaiso, Chile, and invalided home in
1849 with a fractured thigh.

"Admiralty, 5 October 1850 to Herman Merivale, Colonial Office.

Sir,

In reply to your letter of the 28th ultimo, I am commanded by
my Lords commissioners of the Admiralty to acquaint you for the infor-
mation of Earl Grey that Lieutenant Edward D. Ashe, R.N., the Officer
appointed to take charge of the Observatory at Quebec, has been ordered
to be allowed the expense of a passage to Quebec via New York.

I am

Your most obedient humble servant,

(J.H. Hay.)"
The footnote to this letter states: '"This letter is written in answer
to a requisition from Lord Grey for conveyance for the instruments which
the Admiralty are sending to the Observatory at Quebec. It will be
observed that the Admiralty have taken measure for defraying the expense
of Lieut. Ashe's passage. This is liberal, and as the Naval Service will
derive great benefit from Lieut. Ashe's service, it may be presumed that
Lord Grey will acquiesce."

Ashe acknowledged his appointment, and reported to the
Astronomer Royal, G.B. Airy. He then provided himself with several
books which he considered essential to his new duties, among which were:

Pearson's Astronomy

Groombridge's Catalogue of Stars

Oxford Astronomical Observations

British Association Catalogue of Stars
(several other catalogues)
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Babbage Logarithms (and others)

Barlows Tables of Squares

Huttons Logarithms
These were approved by Airy, and approval was duly granted by the
Admiralty for their purchase.

A plan of the observatory building was requested by Airy so
that he could select those instruments best suited for the size. Col.
Holloway, the Commanding Royal Engineer who had lately returned from
Canada, was to be requested for a copy of the plan.

The following letter 1850 October 9 from Airy to Benjamin
Hawes, Secretary of the Colonial Office describes the action taken.
"Sir,

Referring to your letter of May 30 and to my response of May
31 regarding the equipment of the Observatory at Quebec, I have the
honor to report to you:

1. that having understood that Lt. Ashe R.N. has been selected to take
charge of the Observatory, I have transferred to the Gentleman from
the stores of the Royal Observatory the following instruments, viz,

a 30 inch transit instrument complete

a 42 inch telescope with stand complete

a 6 inch sextant

a shade for artificial horizon.

2. That I have had on trial the clocks, one furnished by E.J. Dent and

marked Dent 1155, and one furnished by R. Molyneux and marked

Molyneux 157, and that I am satisfied with the goodness of the clocks

and that I have expressed to the makers respectively my approval of
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the clocks, and have advised the makers to transfer the clocks to the
charge of Lieut. Ashe and to present their account to you, amounting
to £63 for each clock as packed for embarkation in the form prescribed
in your letter of May 30.
I have the honor to be
Sir
Your obedient servant,
(G.B. Airy.)"
Thus, while the clocks became the property of the Canadian Government,
the instruments remained the property of the Greenwich Observatory on
indefinite loan. The Observatory was apparently built according to a
plan presumed to be furnished by Col. Holloway, who for a time was
Commanding Royal Engineer. And the instruments provided by Airy took
account for the dimensionms.

Lieut. Ashe proceeded to Quebec, and being now in command, he
made representations that only the latest design of time ball, namely,
the one recently constructed for the port of Liverpool, be considered.
Airy's only concern was that the machinery should function satisfactorily
even in the severe Canadian climate. Major Robinson of the Royal Engineers
dispelled all fears in this direction by stating that the vessels all
lea&gegﬁgn winter sets in, and return in spring when winter is over. But
even should it be necessary to operate the machinery all winter, the rare
occasion that freezing rain or sleet might tend to clog the works can be
dealt with on the spot. So the order was placed, and in due time Messrs.
George Forrester & Co. of Liverpool received £169.4.11 from the Colonial
Office. The time ball was shipped to Canada May 3rd 1852 on board the

Intrepid.
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The Imperial budget contained an appropriation of £526 16s 6d
for the construction of the observatory. It was built during 1854 and
1855 and was within the citadel on Cape Diamond, between the pole of the
"Pavillon" and the former French works, in a southwest direction. The
building had a front of 26 feet. The main body of the building was 15
feet high, 15 feet deep and 24 feet long. The adjoining tower was 44
feet high.

By 1855 the Quebec Observatory was in readiness to provide
correct time for the shipping in the harbour by dropping of the time ball
on the Citadel. More than adecade earlier a temporary observatory had
been located close to the Citadel at Quebec, and astronomical observations
were made during the winter of 1844-45 in connection with the boundary
problem between Maine and New Brunswick. From 1827 to 1841 Admiral
H.W. Bayfield had made Quebec his headquarters, and the Citadel his
reference meridian in connection with the coastal survey. The longitude
west of Greenwich was determined by moon occultations and eclipses of
Jupiter's satellites. Ashe, however, had heard of the connection by
electric telegraph made between Boston and Fredericton, and of the
greater weight that was accorded Boston over Quebec as a reference
meridian on the continent. So he wrote to Prof. Jack of King's College,
and arranged for an exchange of time by telegraph between Fredericton
and Quebec, which was effected in November 1855. Permission for this
and for the more extensive operation of making telegraph contact with
the most important places in Canada was obtained in the following

communication:
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"Secretary's Office,
Quebec, 18th August, 1855.

Lieut. Ashe, R.N
"Observatory", Quebec.

Sir,

His excellency, the Governor General in Council having had under
consideration your letter of the 2nd inst., I have the honor, by command
of His Excellency, to convey to you in reply His authority for your
incurring the expense of taking a wire to the Observatory in connexion
with the line of the British North American Telegraph Company; and
further to authorize you to procure an apparatus at an expense not
exceeding £ 30, to enable you to determine the longitude of the
Observatory by telegraphic signals to and from Fredericton, and the
longitude of the most important places in Canada by the same means.

I have the honor to be,

Sir,

Your most obedient servant,
(Geo. W. Cartier, Secretary.)"

Prof. Jack, in writing Lieut. Ashe said, "It is somewhat
singular that the present Governor General of Canada, Sir E. Head, when
in this province, [as Lieut.-Govenor] first encouraged me to attempt the
determination of the longitude of Fredericton by telegraphic communication
with Boston."

The first trial between Fredericton and Quebec was not very
satisfactory either to Ashe or to Jack, and it was recommended that
another attempt be made by direct connection with Boston. This was done

later.
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Sir Wm. E. Logan, the geologist, was the one most desirous of
accurate positions because of a map he was preparing of the geology of
Canada. Accordingly, in a cooperative effort between Ashe and Prof. G.T.
Kingston, the position of the Toronto Magnetic Observatory, relative to
Quebec, was measured in January 1857. In Kingston, in February, Ashe was
molested at his work by mischievous boys. His temporary observatory was
situated in a cross street between Earl and Barrie streets. In March, Ashe
set up his portable transit at the gardemer's tool-house in Viger Square,
Montreal.

The position of Chicago on different maps varied by as much as
40 miles. So in May, with the cooperation of Lieut. Col. Graham U.S.A.,
a telegraphic connection was made between the city and Quebec. '"The
electric current was transmitted via Toledo, Cleveland, Buffalo,

Toronto and Montreal, a distance of 1210 miles, by one entire connection
between the two extreme stations, and without any intermediate
repetition, and yet all the signals were heard distinctly at either end
of the line; the signal occupied only .08 of a second in passing along

the distance."

Telegraphic exchanges were subsequently made with
Windsor, Collingwood and Ottawa, and in October an exchange was effected
with W.C. Bond of Harvard College Observatory in Boston, Thomas

Heatley was the assistant at Quebec. With both a sidereal and a
meantime chronometer at Quebec, Ashe was able to employ one or the
other, depending on the facility at the field station, so that a
sidereal timepiece at one end of the line would be compared with a

mean solar timepiece at the other. The relative rates yielded a

coincidence every six minutes, and hence a comparison to the hundredth of

a second. However no attempt was made now or later in Ashe's longitude
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work to exchange observers in order to eliminate or reduce personal

equation. The results of his work in 1857 are summarized as follows:

Longitude of Harvard College Observatory (W.C. Bond) 4h 44m 30?70
Quebec Observatory west of H.C.O. 0 00 18.32
Longitude of Quebec Observatory 4 44 49.02

Toronto Magnetic Observatory west of Quebec Observatory 0 32 44.41

Longitude of Toronto Magnetic Observatory 5 17 33.43
New Court House at Kingston west of Quebec Observatory 0 21 05.50
Longitude of Kingston 5 05 54.52
Viger Square west of Quebec Observatory 0 09 22.70
Longitude of Montreal 4 54 11.72
Chicago observing site west of Quebec Observatory 1 05 41.52
Longitude of Chicago 5 50 30.54

In the Dominion Annual Register for 1883 it is stated that it was Mr.
Robert Barlow, chief draughtsman for the Canadian Geological Survey, who
proposed that the service of Capt. Ashe, R.N. be '"secured in 1854-57 to
determine by telegraph the relative longitudes of several widely
separated points in Canada, by which means he determined for the first
time, with singular accuracy, the position of the Great Lakes."
Timekeeping duties involved observations of stars and the sun
to check the time and rate of his clocks. Each day, except Sunday, during
the navigation season, the time ball was released at the Citadel for the
benefit of ships in the harbour. At 12:45 it was raised to the half-way
point, at 12:55 to the top, and at 1 p.m. local mean time it was dropped.
m

From the adopted longitude of the Citadel, 1 p.m. corresponded to Sh 44

495 Greenwich time.
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Plans were submitted in 1855 for an astronomical observatory
to be located outside the Citadel, but they were not accepted. Ashe had
taken up residence at the farm house known as "The Bonner Property"
situated on the Plains of Abraham about two miles to the west of the
Citadel. 1In his report for 1857, Ashe refers to his longitude work, and
suggests that with a properly equipped observatory he could increase
greatly the Canadian contribution to astronomical research. A letter
from the Astronomer Royal was quoted as supporting evidence: "To make
the inhabitants acquainted in a practical way with the most attractive
and noblest of sciences, to promote education in the accurate habit of
using instruments which belong so peculiarly to astronomy, and generally
to serve as an engine of instruction. I conceive that it is mainly in
this way that such an institution would be useful at Quebec." (Signed
G.B. Airy). Support also came from the Canadian Institute of Toronto
in the form of a petition to Parliament to erect and endow a '"National
Canadian Astronomical Observatory as reques;ed by Lieut. E.D. Ashe at

' The names supporting it were the three Vice-Presidents, Edward

Quebec.'
J. Chapman, De Rottenberg, and John Simpson, together with the secretary,
J. George Hodgins.

The request was partially realized when, in 1864, $2500 of
public funds were made available for the acquisition of an 8-inch
refracting telescope of 9 feet focal length built by Alvin Clark and
Sons of Boston. Public Works provided a tower for it alongside the
house. Ashe became quite interested in solar photography, and was soomn

propounding his theory to explain the formation of sun spots. From their

apparent motion across the disc he derived a period of solar rotatiom.
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In 1869 he was authorized to organize a Canadian eclipse party and
observe the total solar eclipse of August 7 from a site at Jefferson
City, Iowa. Here he secured four photographs which he thought revealed
some entirely new features. And he was deeply hurt when official opinion
in the February 1871 issue of Monthly Notices of thefoyEaLl ﬁﬁg?ggggg‘fﬁgﬁty
view that his telescope had moved during the exposure. The American
effort, on the contrary, was credited with great success. He was some-
what mollified by the request of Dr. Balfour Stewart, Director of Kew
Observatory, for copies of Quebec solar plates on a regular basis to
supplement his own which he used for sun spot counts.

Prior to Confederation, Ashe reported through the Auditor of
Public Accounts directly to Parliament. By Order in Council of the 21st
of Sept. 1868, the observatory was placed under the control of the
Department of Marine and Fisheries. Ashe must henceforth request leave
and direct correspondence through the Department. In the ensuing exchange
of correspondence with Wm. Smith, the Deputy Minister of the Department,
Ashe provided the design which was requested for a time ball mechanism
for Saint John, N.B. It was the design he would choose for Quebec, if a
change were made, and hence he was interested in having it tested. The
Saint John time ballif¥%£%h was commissioned in June 1870, was contained
within a cage of four rods rather than sliding on a mast, but it is not
known whether this was actually Ashe's design. He also suggested that
by the use of the Jones method recently patented in England, an impulse
from a central observatory (Quebec) could synchronize a pendulum in each
of the principal cities across the country. It would be much less

expensive than a multiplicity of observatories.
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Ashe defended his position over the watchmaking trade in the
matter of rating chronometers. No one, he claimed, should have the
authority to observe stellar transits and determine time without having
first passed a qualifying exam. And no one without access to fundamental
time with a transit instrument should rate chronometers. The contrary
opinion in some quarters was that a watchmaker was perfectly well
qualified and that facilities at the observatory represented a waste of
public funds.

Because of the possibility of Canadian astronomy assuming a
place of international importance, Ashe requested that a proper dwelling,
with rooms for computing and for processing photographic plates, be built,
together with sheltered access to an observatory alongside. He felt
confident that great and important discoveries in astronomy of the
solar system were at the door of Canadian scientists. To support his
contention, he added that '"the Magnetic Observatory at Toronto (is)
nearer to the magnetic pole than any other, and the climate of Quebec (is)
better suited than any other for celestial photography."

However in reply to his request for improved facilities, the
following was written:

"Dominion of Canada
23rd January 1872.

E.D. Ashe, Esq.,
Observatory Quebec.

Sir:
I have to acknowledge receipt of your letter of the 15th
instant in reference to the increase to the vote for the observatory

under your direction and enclosing extracts from letters received from
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eminent astronomers giving testimony to the value of the "Solar Negatives"
taken at Quebec; and in reply I am to inform you that the Minister does
not consider it necessary, at present, to recommend to Council that the
amount to be inserted in the estimates for the next financial year for
the Quebec Observatory should be doubled, as recommended by your letter.

I am,

Sir,

Your most obedient servant

Wm. Smith

Deputy Minister of Marine, etc."

During 1872 Quebec Observatory was selected as one of the
Chief Meteorological stations in the network organized by Professor
Kingston of Toronto. To make his work efficient, Ashe secured approval
to have the telegraph line extended to his home.

May 1874 saw the fulfillment of an objective. The new
observatory and house which had been requested for some years were built.
Now all the observations with the transit as well as with the 8-inch
(9-ft. focal length) telescope could be taken with the comfort of a
closed passage-way from his office to his observing locations. The time
ball on the Citadel, 2 miles away, was dropped by electricity. Mr. Pope
of the Montreal Telegraph Office assisted in correcting the many errors
of the new wiring system. But Ashe himself had to attend to the problem
which arose when his daughter pressed the key, causing the ball to drop
one minute early, as she showed her doll how to send a message.

During 1874 Ashe was requested by the Crown Lands Department

to determine the position of four places along the Ottawa Valley to help
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delineate timber preserves. Permission was granted by his department,
but under the provision that the expenses should be met by the
Commissioner of Crown Lands.

Accordingly, during the winter months of 1875, Ashe proceeded
to the Ottawa Valley to measure the positions of Point Fortune,
Buckingham, Pembroke, Des Joachim, and Portage du Fort. '"Mr. Deville,
formerly of the French Navy, came as my assistant.'" Ashe failed to
recognize in this assistant the man who was destined to have a
distinguished career, finally to become Chief Surveyor for Canada. 'When
we arrived at our destination, we went in search of a place near the
telegraph office where we could place the transit instrument, and then,
after fixing a solid support for the instrument, we had a few boards put
around it to keep the wind off." '"When we had the instrument in positionm,
and the time accurately known (by observation), we took the chronometer
to the telegraph office and exchanged signals with Quebec, when the
difference of the longitude between the Observatory and the place was
known to a small fraction of a second. We then took observations for
the latitude, and the result was that the position of that place was
fixed with a certainty and accuracy leaving nothing more to be desired."(3)

Ashe was now in his mid-fifties. The equatorial had undergone
some repairs, but there were insufficient funds in his annual appropri-
ation from Ottawa to pursue his interest in celestial photography.

During 1877 the position of Trois Pistoles, Quebec, was deter-
mined, and the time service showed some expansion beyond the operation
of the time ball and the noonday gun, time being given to the Montreal
Telegraph Office and to those sections of the Intercolonial and North

Shore Railways that chose to use Quebec time.

(3) Sessicnal Parers (}o.5) Al876, 527, Deot of Marire & Fisheries.
s b s
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The navigation season, and hence the operation of the time ball
in 1879, commenced on May 13th and terminated November 29th, with an 8
percent failure of the time ball. The observations in connection with
time giving consisted of 426 complete transits. It was the custom in
those days to consider 6 stars as a complete set. Ashe does not describe
a typical operation at the Transit Instrument, but he doubtless followed
the general practice of the day. So 426 transits would constitute 71
observing nights.

The position of Cross Point in the County of Bonaventure was
determined that year at the request of the Quebec Government. This was
the first time in which reference was made to lending instruments for
use at the temporary location.

On January lst 1880, an inventory of the Quebec Observatory
was given as follows:

A Refracting Equatorial Telescope by Alvin Clark of 8 inches clear
aperture and 14 feet focal length. [Previqgsly described as 9 feet
focal length.]

A Transit Instrument by Troughton and Simms, of 36 inches focal length
and 2% inches aperture.

A Portable Transit Instrument of the same dimensions.

A 42-inch Telescope with 3-inch aperture and tripod mounting.

A Spectroscope.

A standard Mean Time Clock by Moleneux, and a standard Sidereal Clock
by Dent.

A Ship's and a Pocket Chronometer.

A complete set of Meteorological Instruments.
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December 6th 1882, the transit of Venus was observed from many
points across Canada, including Quebec City. The observers at Quebec
were Lieut. Gordon, R.N. as observer, and W.A. Ashe, D.L.S. (son of
E.D. Ashe) assistant. They used the 8-inch refractor by Alvin Clark,
reducegyé%c' inchggﬁ%or these observations. At the end of that year,
E.D. Ashe submitted his final report to the Minister of Marine and
Fisheries, thus completing 32 years of service. His report reads as
follows:

"Sir,- I ‘have to submit the following Report of the work
performed by this Observatory, for the year ended 31st December, 1882.

As in former years, the giving of the correct time to the
shipping of the port, and exchange of time with other points has been
our chief work. I have much pleasure in informing you that there has
not been a single failure in dropping the Ball throughout the year.

Preparations were completed for the Transit of Venus on 6th of
December, but unfortunately the weather on that date was so cloudy as to
prevent observations being taken.

I am, etc.,

E.D. Ashe,

Director' (&)
E.D. Ashe resigned early in 1883, and retired on a pension of $980. per
annum.

There had been complaints about the inaccuracy and irregularity
of the time ball operation at both Saint John, N.B., and Quebec. In 1879
Ashe found it necessary to refute a statement in the Montreal Herald of
October 20 that the time ball at Quebec is not regularly dropped, and not

(4) Sessicnal Papers (ro.7) A.1883, 189, Tert of Marine & Fisheriss.
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dropped at the proper time. "I think it quite unnecessary', he wrote,
"that I should mention that I am quite capable of determining the proper
time."

The situation at Quebec had deteriorated. Solar astronomy had
not been active for several years, yet the annual appropriation to the
Quebec Observatory was about double the outlay for a comparable service
of weather reporting and timekeeping at the Saint John, N.B., Observatory.
Upon receipt of Ashe's resignation, Wm. Smith, the Deputy Minister
arranged that the Quebec Observatory come under the direct supervision
of Toronto.

On April 2, 1883, Carpmael wrote to Smith, "I beg to draw the
attention of the Department to the importance of placing the work of
giving the time directly under the supervision of this office, for as at
present carried on we have no means of knowing whether accurate time is
given at the various observatories. Arrangements are now being made for
the absorption of the Quebec Observatory by this service, and if the vote
for the Saint John Observatory was passed through the account for this
service and the observer instructed that we had the authority to inspect
his work, by exchange of time signals or otherwise, it would soon be
found that there would be no difficulty in securing accurate time at the
various places."

Lieut. Andrew R. Gordon, R.N., Assistant Superintendent of the
Toronto Observatory, was sent to Quebec to supervise the reorganization.
Both W.A. Ashe, a surveyor, and son of E.D. Ashe, and Thomas Heatley
the assistant at the observatory, made application for the position of

Director. But in order to make a complete break with the past, it was
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arranged for the military authorities to operate the time-ball service
and report by telegraph to Toronto 3 times a day the meteorological
readings. Gordon tranferred the instruments from the Ashe home and
adjacent observatory to the Citadel and saw to the necessary repairs.
Lieut. Col. Cotton, the Commandant, agreed to wuse all means to have
it efficiently carried on. One of his officers C.W. Drury, Captain "A"
Battery, was placed in charge. The annual appropriation dropped from
$2750 to $1100 due to the savings made on the salary and observatory
expenses that had been paid to the former director.

The mobility of service personnel was not conducive to
continuity of staff at the Observatory. Captain Drury remained in
charge for two years, 1883 and 1884, and during 1885 the supervision of
the work changed hands several times. Therefore on January 10, 1886,
W. A. Ashe was appointed to the position of Director. Ten years earlier,
Ashe had qualified as a Dominion Topographical Surveyor, having spent
several years in survey work in western Canada. .In 1884 he joined Gordon
in the Hudson's Bay Expedition and surveyed sections of the coast at Port
Burwell and Ashe Inlet. As Director he moved the observing equipment
back to the house and observatory on Grande Allée. It may be noted that
the city now had four daily time signals, the gun at noon and at 9:30 p.m.,
the time ball at 1:00 p.m., and the ringing of the fire alarm bells at
1:00 p.m. Also the telegraph time exchanges which Gordaﬁfﬁgd ingﬁﬁéiégiURBthxm
in 1883 between Toronto and Quebec, and between Toronto and Saint John,
gave assurance that the agreement was within a second.

During the eight years of his service at Quebec, W.A. Ashe

urged year after year that the storm signal warning lights be changed
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from oil lamps to electric lights. He also in 1891 advocated a second
time ball to be established on the roof of the Custom House, because of
the development of the harbour in the direction of the St. Charles River,
from where the present ball was not visible. Meanwhile the unused
observatory buildings within the Citadel were falling into disrepair,

and it was strongly recommended that they be transferred to the military
authorities. Such a change would in no way interfere with the '"Time
Service."

In December 1893 W.A. Ashe died, and Arthur Smith, his assistant,
was subsequently appointed to succeed him as director of the Quebec Time
and Meteorological Observatory. Beside normal maintenance of the equip-
ment, and routine conduct of duties of his post, one is aware that Smith
had increasing rapport with the watchmakers of the city. Calls for
correct time increased. The observatory also assumed a more prominent
role as a source of weather information for a wide cross section of the
community, the law courts, the shipping people, the farmers and the
citizens generally.

During World War I the firing of the time gun was discontinued,
to be resumed at both noon and 9:30 p.m. on March 29, 1919. The location
of the time ball continued to be discussed. B.C. Webber, after his
inspection in 1916 reported in June gf ngec ggdoefrnt.l}:e g%%eggg%ogigalfgﬁg‘sg,:
"The so called dome at the Custom House at Quebec is an oval construction
with ormamental glass let in which makes the ceiling of the large handsome
office which it covers. Consequently a time ball on such an erection is
quite impossible, as Capt. McGreevy of the 171st CEF now says. The

northeast corner of the flat roof is suitable for the ball, but it must
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be remembered that should it be placed there vessels at Wolfe's Cove, the
proposed new harbour, will not be able to see it. The place from which
the ball could be seen from all points, including Levis, is on the
Cavalier Building near the King's Bastion at the Citadel. The former
Commandant of the Citadel objected to that site; now the building is not
in use; it was formerly a powder magazine. If Colonel Fiset, Deputy
Minister of Militia were approached and informed that the time ball at
Halifax is on the Citadel, I fancy there will not be much objection

of fered to the Cavalier Building."

Stupart relayed Webber's report to the Deputy Minister, but he
deleted the last part which read, "I was told in Quebec that in this age
of telephones, mariners compared their chronometers by telephone with the
observatories and that time balls were obsolete. On this subject I am
ignorant."

During the 1917-18 year of operation, Smith reports that '"the
correct time was given by means of the telephone, and during the season
of navigation by means of the old time ball until éth of August when it
was replaced by the new time ball which was erected on the Cavalier
building at the Citadel. The ball was continued during part of the month
of January as several sea-going steamers were still in the port of
Quebec."

Following World War I, Smith renewed his agitation for a new
residence. The present one was considered beyond repair in 1913, and
during the intervening six years conditions had not improved.

In his report of March 31, 1923, Smith reports that daylight

saving time was adopted by Quebec City during the summer of 1922. The
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time ball was dropped according to standard time, but the noon gun was
advanced an hour. '"'The Bell Telephone Company, having discontinued this
year their practice of giving the time to the public, the number of
enquiries in this respect has increased to such an extent that it is now
practically impossible to answer all the calls made on this office. The
population of this city [Quebec] being now nearly 120,000, I suggest
that some system be adopted whereby time be given to all the wards of
the city by a master clock by means of the fire alarm system."

The annual reports indicate an increasing impact of the
observatory on the community. In addition to providing time by the time
ball, noon gun, and telephone, chronometers were rated, barometers
adjusted, and weather information relayed from Toronto to the public
press.

In the 1924 and 1925 seasons, Smith was authorized to arrange
for the various meteorological instruments to be installed on board CGS
"Alert" and to store the instruments at the end of the season. The
regular program of reading meteorological instruments, observing with the
transit instrument, and providing time and weather to the community
continued.

In 1926 Quebec City observed daylight saving time from May 1
to September 25.

Smith's report of March 31, 1928, includes the following. "I
have also given general information concerning the weather conditions,
and the exact time, to aviators connected with the Mail Service, and
also to Commander De Pinedo and Commander Byrd who personally called at
my office." There is a further plea that he be supplied with safer

quarters.
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The following year he gave ''to the wireless operators for the
stations in Hudson's Straits the necessary instructions in taking the
meteorological observations."

Arthur Smith did not live long enough to see the old observatory
abandoned. On October 15, 1929 he went on sick leave and was replaced by
Mr. Maurice Royer. By now the requirements for a time ball at the
Citadel had ceased and there is no further report on its operation after
the close of the 1929 navigation season. Nor was there any need to check
the clocks from transit observations of stars because of the daily time
signal by telegraph from McGill.

An appropriation for a new meteorological observatory appeared
in the estimates for 1934, and a new site at the corner of Laurier and
Tachés avenues was selected. The equatorial telescope (the 8-inch Alvin
Clark refractor) which had been obtained through the efforts of Lieut.
E.D. Ashe in 186%, but which had been out of use for many years, was
purchased for a nominal sum by the College des Jesuites, and was given
to them when the old observatory buildings were demolished.

Work on the new Meteorological office was commenced in July
1935, and it was occupied on March 28, 1936. While it was primarily
designed to report meteorological conditions to the central service, and
in turn distribute the forecasts received from the central service, its
prestige as a source of correct time continued for several years, first
of all McGill and then the Dominion Observatory serving as the source of

correct time.
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TORONTO

"A chain of observatories connects the western shores of
Ireland and of Spain with the eastern coast of New South Wales, and thus
comprises one half of the globe, while the other half is in this respect
destitute of any such indispensible means of furthering the purposes of
astronomy."

This was the opening paragraph of a letter dated 7 July 1835
from C. Wood, Secretary to the Admiralty, to W. Hay, Esq., Permanent
Under Secretary of State for the Colonies.

Mr. Wood continues, ''Nor do the more immediate practical objects
of geography feel less the want of an observatory in that wide interval,
as no standard meridian, nor any point to which comparative observations
may be referred, exists throughout the whole continent of America. The
establishment of a small observatory in Upper Canada would supply this
desideratum, which has been so strangely overlooked by the United States,
and would thus reflect more honor in this Country.

"My Lords have been given to understand that the Observatory at
St. Helena is about to be dismantled, and that the instruments which have
been in use there would be available for the proposed observatory, thus
reducing materially the expense to be incurred.

"Should Lord Glenelg see no objection to this arrangement, my
Lords would suggest that an inventory of these instruments should be
furnished to this Department in order that it might be ascertained what
further instruments it would be necessary to procure for this purpose.''(1)

In July 1835 Lord Glenelg, Secretary for War and the Colonies

wrote to Sir John Colborne, Lieut-Governor for Upper Canada expressing

(1) Maruscript Group 15, Treasure 28, Treasury Board Out-letters, Vol 14, Varicus.
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sympathy with the idea of establishing a small observatory in Upper
Canada, and using the instruments which had been used at St. Helena, but
which were now ready to be shipped. Colborne failed to bring the matter
to the Upper Canada Legislature. The following February Glenelg wrote
to Sir Francis Bond Head requesting him to find out if the Legislature
of Upper Canada would assume the cost of erecting the observatory, or
defray the cost of its future maintenance. No aaswer was given to Glenelg,
and the instruments remained packed away at Greenwich Observatory. Mean-
while in late 1835 Professor Albert Hopkins of Williams College brought
back from Europe a sidereal clock, a transit and other instruments, and
his example was followed by others so that soon there were several small
observatories established in the eastern United States. In the words of
Dr. A. Vibert Douglas,'"Had it not been for the negligence of Sir John
Colborne and the apathy of Sir Francis Bond Head in failing to bring
before the legislature of Upper Canada an offer from the Lords Commissioners
of the Amiralty, Toronto might have had the first astronomical observatory
in the New World." (Queen's Quarterly Winter Issue Vol. 78, 4, (1971))
Instead Toronto in 1839 became the site of a Magnetic
Observatory, one of several which were erected within the British Empire
to assist inaglobal study of magnetic fluctuations. It was established
on property belonging to King's College, later to become University of
Toronto. It was administered until 1853 by the Imperial Government Board
or Ordinance, then until 1871 by the University of Toronto, after which
it became a part of the federal Department of Marine and Fisheries. This

last change was the direct result of an increase in federal support from

Y .
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$500 to $5000, soon to be increased to $10,000 for the development of a
Canadian Meteorological Service.

Lieutenant C.J.B. Riddell, who established the Toronto
Observatory, brought instruments which included "a complete set for
magnetic work, transit instruments and the necessary chronometers for
obtaining and maintaining correct time, as well as a very full set of
meteorological instruments.'" (J. Patterson, A Century of Canadian
Meteorology, Quarterly Journal Royal Meteorological Journmal 66, 16,
(1940).) When Riddell, due to ill health, retired to England in 1841,
he was replaced by Capt. J.H. Lefroy, who, except for two years of
northern magnetic survey when Lieut. C.W. Younghusband was temporary
director, remained with the observatory to the end of the military
regime in 1853. He was an enthusiastic meteoroldgical observer, and
encouraged weather observations to be recorded at guard houses of
military establishments in Canada. At the time of his recall to England
he was at the point of organizing a system of weather reporting by the
Canadian grammar schools.

Professor of Mathematics & MNatural Fhilosopiy,

In 1853 Prof. J.B. Cherriman,became temporary Director, to be
followed in 1855 by Prof. G.T. Kingston who was appointed by the
University to be Professor of Meteorology and Director of the Magnetic
Observatory. Through his energetic efforts the assistance of the schools
in making weather observations was organized, and eventually in 1871
financial support of a substantial nature was secured from the federal
purse. Prof. Kingston was thereupon appointed Director of the
Meteorological Service of Canada in addition to his duties as Director

of the Magnetic Observatory. Certain locations such as Montreal, Quebec,
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Saint John, Fredericton, Halifax, Woodstock, Ont., and Winnipeg became
chief reporting stations, manned by competent observers, mainly volunteers,
who reported their readings each day by telegraph. An additional body of
volunteers, including lighthouse keepers, station agents, and others were
supplied with instruments and with forms for submitting data on a regular
basis. A daily weather report together with a forecast of probabilities
was started, together with an exchange of data with the United States,
and soon the budget was up to $10,000 annually. The service was partic-
ularly valuable to shipping.

Time, of course, was an essential element in an observational
program which involved coordination of effort and the production of a
synoptic map. At the Toronto Observatory time was maintained from
fundamental observations of the stars and the sun, and according to the
report of the Director was the standard by which clocks and watches in
Ontario had been regulated since 1853. Commencing about 1872 time was
given to Toronto by striking all the fire alarm bells at 11:55 a.m.

On his retirement in 1880 due to ill health, Kingston was
succeeded by Charles Carpmael, an eminent mathematician who had joined
the Service eight years previously.

It was just two years before the transit of Venus, an event
that aroused considerable popular interest and scientific anticipatiom.
Carpmael was asked to report to the Department on the advisability of
Canada participating, and in reply stated, "The practical use of the
transit observations is ultimately the more correct determination of
longitude, and is therefore of the greatest interest to all nations, more

especially to those largely interested in shipping. As another transit
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will not take place till the year 2004, I should deem it exceedingly

unfortunate if the opportunity were allowed to pass without being utilized

to the utmost."

The transit occurred December 6, 1882. Parliament provided an
appropriation of $5000 and as a consequence arrangements were made for
observations at the following places:

Winnipeg - Prof. C.H. McLeod, Observer; Mr. H.V. Payne, Assistant. Had
a 4-inch acromatic telescope, transit instrument, two chronometers,
etc. A temporary instrument shelter was erected by the Bishop of
Rupert's Land for these gentlemen on the ground near St. Johmn's
College.

Woodstock - Prof. Wolverton had an 8-inch refracting telescope by Fitz,
of New York. The aperture was reduced to 6 inches for these
observations.

Toronto Observatory - Prof. C. Carpmael had a 6-inch telescope by
T. Cooke and Soms.

Whitby - Prof. Hare, Ladies College, 6-inch telescope by H Fitz of
New York.

Cobourg - Prof. Bain, Victoria University, &4%-inch telescope by Smith,
Beck & Beck, of London, England.

Kingston Observatory - Prof. Williamson, 6%-inch telescope by Alvin Clark
and Sons of Cambridgeport, Mass.

Belleville - Mr. Shearman, 4-inch achromatic.

Ottawa - F.L. Blake, D.L.S., Observer, B.C. Webber, Assistant. A &4-inch
achromatic telescope from McGill University, and a transit instrument

loaned by the Department of the Interior.
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Montreal Observatory - Prof. Johnson, a 6%-inch achromatic telescope.
The object glass of this telescope being found faulty was ground
over by Claé& of Boston.

Quebec Observatory - Lieut. Gordon, R.N., Observer, W.A. Ashe, D.L.S.,
Assistant. 8-inch refracting telescope by Alvin Clark and Sons of
Cambridgeport, Mass., aperture reduced to 6 inches for these
observations.

Halifax - A. Allison, Esq., 4-inch refracting telescope by Dolland.

Charlottetown - H.J. Cundall, Esq., C.E., 4-inch refracting telescope.

Fredericton Observatory - Dr. Jack, 7-inch refracting telescope, reduced
to 6 inches for these observationms.

The transit observation involved four phases, the arrival and
departure of the planet at the east limb, and the arrival and departure
of the planet at the west 1limb of the sun.

Since the time of each phase as seen at each location was
required, a telegraphic exchange of time was made between stations both
before and after the transit. C.H. McLeod made a telegraphic exchange
with Prof. Hough of Dearborn Observatory, Chicago, to verify his longitude.
Free use of the telegraph lines during the exercise was a contribution of
great assistance.

On the day of the transit the fortunate stations were:
Winnipeg - where Prof. McLeod got the last two contacts.

Cobourg - Prof. Bain got the third contact; atmosphere very unsteady.

Belleville - Shearman got third contact imperfectly.

Kingston - Prof. Williamson got second, third and fourth contacts.

Ottawa - F.L. Blake, D.L.S. got second, third and fourth contacts.
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Considering the time of year and the weather probabilities, the results
were quite acceptable, and were considered to be a valuable contribution
to the British system of observations.

Canadian astronomy benefited by the surge of popular interest.
Carpmael was able to secure a six-inch achromatic telescope by Cooke and
Sons, which he mounted in the dome of the Magnetic Observatory, and
subsequently used it to study solar flares. A new transit of three-inch
objective and 36-inch focal length by Troughton and Simms, a gift of the
City of Toronto, improved the timekeeping capabilities.

During the year 1883 the time ball observatories at Quebec
City and Saint John, N.B., were transferred for administrative purposes
to the Meteorological Service. Capf. E.D. Ashe, R.N., Director of the
Quebec observatory since 1850, had at one time been active in longitude
work and also in solar astronomy. But more recently his principal
contribution had been limited to the daily reporting by telegraph of
meteorological readings, and the operation of the time ball during the
navigation season. His retirement in May of 1883 provided an opportunity
for a reorganization, in effecting which Carpmael had the able assistance
of Lieut. Andrew R. Gordon, R.N., Deputy Director of the Meteorological
Service. Gordon personally supervised the removal of all the meteoro-
logical and timekeeping equipment to the Citadel and arranging with the
Commandant Colonel Cotton to maintain the services. The annual expendi-
ture for Quebec dropped from $2650 to $1100, which was comparable to the
cost of maintaining Hutchinson's work in Saint John, N.B.

All four observatories, Toronto, Montreal, Quebec and Saint

John provided correct time for the benefit of local industries and
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watchmakers and surrounding communities. Prior to the reorganization,
there had been complaints about irregularities in the time service both
at Quebec and Saint John. In order to provide some control, Carpmael,
with the cooperation of the telegraph company, initiated a system of
time exchanges. Clock beats would be requested from each observatory on
a notice of only half a day, and these would be recorded at Toronto on a
drum chronograph together with the beats of the Toronto clock. The
transit observations would alsc be submitted, and the clock error at
each observatory determined. C.H. McLeod of McGill voluntarily cooperated
in the exercise. His work was of such a high quality that in 1890
Carpmael combined the Toronto and Montreal time determinations to form
the Standard Observer, from which the deviations of each of the four
observatories was measured. Initially, the time results from Saint John
were somewhat erratic, but improved considerably with improved instru-
mentation. Carpmael took the occasion of the clock exchanges with Saint
John to give A. Allison, meteorological observer in Halifax, time checks.
This continued until April 7, 1896, by which time Saint John daily time
signal was available by telegraph throughout the Maritime Provinces.

A report of the Toronto time service for the year ending 1891
is as follows: (2)

"The time exchanges with Montreal, Quebec andSaint John have all
been registered on the chronograph at Toronto, the comparisons taking
place during the afternoon with Montreal and Quebec, and in the evening
withSaint John.

"During the year the time at Halifax has also been regularly
compared with that at Toronto, the comparisons taking place during the

same evening as that withSaint John.
{2) Sessional Papers, Dept of Marire & Fisreries, 1392, 127.
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"The errors of the Toronto clock, and of the time-pieces used
by the observers elsewhere, are computed from the latest observations.

"The examination of the monthly clock and chronometer comparisons
and transit observations, sent in from the observatories at Quebec and
Saint John, has been performed.

"During the year observations of 783 stars and 1 solar
observation were made from which the time at the Toronto Observatory was
obtained. The position of the stars used in the reductions are from
"Berlin Jahrbuch." The collimation error of the transit instrument has
been determined frequently from micrometrical measurements on the
collimating telescope and by reversals on '"Polaris" and other stars.

"The following table shows the difference between the time by
standard observer and that given at the various exchanges.

"The sign + indicates that the time as sent from the various

observatories is faster than that by the standard observer.

Toronto Montreal Quebec Saint John

1890 Secs. Secs. Secs. Secs.

October 8th ....vvvvvvvnnenn. +0.06 -0.06 -2.15 -1.52

do 3ISt tiiiiiiiriinnannn +0.27 -0.27 -1.23 -1.36

November 21st .....ccvevvennn +0.10 -0.10 -0.15 -1.53

December 10th .......covvunn. +0.68 -0.68  ..... ...

do 30th ...civvineinnnn.. +0.23 -0.23 +3.70 -1.78
1891

January 21St ..eviiiieininannn +0.18 -0.18 -1.32 -1.63

February 6th ...voiveriiininee  tevee eaeen -3.02 -0.74

do 25th ...i.eiiiiiiaa., +0.36 -0.36 +0.03  .....
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March 17th .......ccoviiuinnn. +0.11 -0.11 +0.11 +0.31
April 3rd ... it 0.00 0.00 +0.54 +0.08
do 20th .vviviinnnennnnnn. +0.29 -0.29 0.00 -0.20
May 7th .o.viitiiniinneennnn +0.28 -0.28 -2.10  .....
do 21St teriurieninnennannnn +0.15 -0.15 +0.03 -0.06
June 9th .....cvviiiiiieen.n +0.15 -0.15 -0.38  .....
do 25th ..iiiiiiiiiiinnn, +0.15 -0.15 +1.45 -0.36
July 9th ..ivviiiiiiiinennn. +0.09 -0.09 -0.67 -0.93
do 31St tiiitrnriientneens eeees eeeen -0.07 -0.71
August 27th ...iviiiiennnenn. +0.23 -0.23 +0.77 -1.28
September 11th ........cvvenen +0.11 -0.11 -0.08 -1.67
October 5th ......cevveivnnnn. +0.04 -0.04 -0.08 -1.39
do 30th .ivvvvnvinnnennn. +0.01 -0.01 -1.39  .....

"The time by standard observer is obtained by taking the
arithmetical mean of the times as determined at Toronto and Montreal,
after applying the personal equations between the observers and the
director of the Magnetic Observatory, whose absolute equation is known
to be almost insensible.

"NOTE.- Where no exchange has been made with Montreal the
Toronto time corrected for its observer's personal equation is adopted
as standard time for the comparisons with Quebec and Saint John."

Carpmael reported in January 1884 that the telegraphic exchange
of time could readily be extended at small cost to the country so that
every sea port could be provided with correct time for the benefit of

mariners. He also was pleased to report 'that the Corporation of the
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City of London, Ontario have, in order to avail themselves of the
distribution of correct time from this office, erected on the top of
their City Hall a time ball signal; they have made arrangements with the
Telegraph Company for the use of the wires daily, and the ball has been
dropped at noon of standard time, 75th meridian, every day except Sundays
and statutory holidays.'" Carpmael noted that a similar service could be
had by any municipality at the small expense of the wire rental, providing
an approved apparatus was installed. There is no report of other
communities making use of the Toronto offer.

In July 1884 Lieut. A.R. Gordon, R.N., was directed by the
Minister of Marine and Fisheries to take charge of the Hudson's Bay
Expedition. The primary object of the expedition was to determine for
what period of the year the Hudson Straits were navigable, and so
attention was to be paid to the formation, break-up, and movements of
the ice, as well as details of the weather. R.F. Stupart of the Toronto
observatory accompanied the expedition, leaving Carpmael short handed.
In order to maintain uniformity in the time at each observing station,
the several observing parties were each provided with a sundial and a
correction table to 75th meridian time to check their timepieces at noon
when possible.

Correct time at any location is largely dependent upon correct
longitude. C.H. McLeod had a growing suspicion that the longitude of
Montreal, as given by E.D. Ashe in 1857, was subject to error. Carpmael
supported him in his proposal to make a direct telegraphic exchange with
the primary station at Harvard in 1883. He also supported McLeod nine

years later when he organized the direct exchange with Greenwich by
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trans Atlantic cable. On each occasion the longitude of Toronto was also
redetermined.

Carpmael was also a strong supporter of Sandford Fleming in
his program of time reform which led to the adoption of standard time by
the City of Toronto November 18, 1883.

R.F. (Sir Frederic) Stupart became Director following the death
of Carpmael in 1894. Under his direction regular sun spot observations
were commenced on March 20, 1895, using the 6-inch equatorial purchased
at the time of the transit of Venus in 1882. A solar image 4 inches in
diameter was obtained by projection, from which drawings were traced.
The observations were made as soon after 10 a.m. as the condition of the
sky permitted.

In September 1897 a seismograph designedby Prof. John Milne of
England was added to the Toronto equipment, followed a year later by the
installation of a similar instrument in Victoria. The Seismological
Committee of the British Association had requested this cooperation in
order to study the phenomena associated with earthquakes.

The expansion of the Toronto street railway, and the attendant
wires carrying heavy electric currents were beginning to have a serious
effect on the magnetic records obtained at the observatory. So in June
of 1898 a new observatory building was commenced on a quiet site at the
village of Agincourt, about 10 miles to the northeast. Stupar devised
a break circuit for the mean time pendulum so that time pulses could be
sent automatically for the weekly time check at Agincourt. The daily
signal which rang the Toronto fire alarm bells at 11:55 a.m. as well as

the daily signal to the C.N. telegraph, were also controlled automatically.
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On December 21, 1897, Stupart wrote to Major F. Gourdeau,
Deputy Minister of Marine and Fisheries the following. "I beg to
acknowledge the receipt of your letter of the 17th instant No. 7/26
enclosing a copy of one forwarded by the Secretary of State for the
Colonies issued by Mr. John Milne, Secretary of the Seismological
Investigating Committee of the British Association in which he asks for
a list of the times used in various parts of Canada. In reply I have the
honour to enclose herewith a statement of the times used in the various
parts of the Dominion.
"Nova Scotia - The Railways and Telegraph Companies use the 75th meridian
or (eastern standard time) but for other purposes the time generally used
is the 60th meridian or (Atlantic standard time).
Example: Halifax 5 a.m. = 9 a.m. G.M.T.
"New Brunswick - The Railways and Telegraph Companies use the 75th
meridian or (eastern standard time) but most places in this Province use
local mean time. Saint John local time is 35m 44s fast on 75th meridian
or (eastern standard time).
"Ontario and Quebec - (eastern standard time) 75th meridian is generally
used for all purposes throughout these Provinces as far west as Port
Arthur [now Thunder Bay].
""Quebec, Montreal, Ottawa, Toronto - 4 a.m. = 9 a.m. G.M.T.
The Railway and Telegraph Companies east of Port Arthur, as far as the
Atlantic coast, use 75th meridian time or (eastern standard time).
"™Manitoba, Horth West Territories and British Columbia - West of Port
Arthur to the Pacific Coast, the Railways, Telegraph Companies, Cities,

and Towns all use the same time, according to the different meridianms
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hereunder mentioned. ¥From Port Arthur to Brandon, Manitoba, the time
used is the 90th meridian or (central standard time).
Winnipeg - 3 a.m. = 9 a.m. G.M.T.
From Brandon to Donald, B.C. the 105th or (mountain time) is used.
Calgary 2 a.m. = 9 a.m. G.M.T.
From Donald westward in British Columbia, the 120th or (Pacific time) is
used.
Vancouver and Victoria 1 a.m. = 9 a.m. G.M.T.
Also west of Port Arthur to the Coast, the Railways use the 24-hour
system, the p.m. hours from noon to midnight being numbered from 12 to 24."
At the turn of the century, Stupart was able to report as
follows: '"The time service under the control of the Meteorological
Service comprises, in addition to striking of fire alarm bells in Toronto
at 11:55 a.m. daily, the dropping of time balls at Quebec and Saint John,
N.B., and the firing of the gun at Vancouver.'" 1In 1904 the maritime
service was expanded to include the operation of a time ball in Halifax,
and in 1915 Napier Denison inaugurated a time ball in Victoria, B.C.
Correct time was important throughout the Meteorological
Service, whether the observations were made at the well equipped principal
reporting centres such as Montreal, Quebec and Saint John, N.B., or by
any of the large number of secondary posts, manned for the most part by
capable volunteers. In the maritime provinces the daily signal from
Saint John was available wherever the telegraph went. The rest of Canada
was served by the McGill signal which was also distributed over the tele-
graph network. Stupart and his staff made annual inspection trips so
that each year some of the stations would be visited, the equipment

repaired or replaced, and the operators encouraged in their work.
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History was made on the occasion of the Geophysical Conference,
held in Toronto on September 8, 1904, when a direct telegraphic time
comparison was made at midnight with Washington. The difference in time
was five hundredths of a second. The following May 6 another comparison
was made with Washington which showed exact coincidence. Communication
between these two cities was a natural consequence of the fact that they
were both data centres for meteorological research, and custodians of correct time,.

Transit observations for the fundamental determination of time
at Toronto continued year by year, the number of nights varying from a
low of 57 in 1905 to a high of 139 in 1925. During the earlier years an
occasional transit observation of the sun was made to supplement stellar
observations during periods of poor weather. After World War I there are
no further reports of solar observations for time. There was an active
program to maintain a record of sun spot numbers, the six-inch equatorial
being used to project an improved image of five inches. In 1923, due to
retirements, the transit work was turned over to the Department of
Magnetism under W.E.W. Jackson. By now the work at the central office
in Toronto included weather forecasting, atmospheric physics, climatology
and agricultural meteorology, terrestrial magnetism, astronomy. The last
comprised the maintenance of the time service, and solar observations for
sunspot numbers.

It is tempting to digress at this point to delve more fully
into some of the other four areas of activity mentioned above. Weather
forecasting, which has the most immediate impact on the community, had
for many years past included Newfoundland, and at the request of the

Newfoundland Minister of Marine, telegraph reporting stations had been
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maintained and regularly inspected. At Cape Race, Newfoundland, a
federally owned radio station broadcast a weather bulletin twice a day.
the Meteorological Service in
In his inspection report in 1923, T.G. Sharp of,Toronto wrote, ''The
work of broadcasting weather information and forecasts from Cape Race
has grown enormously; in fact it is now a service of first importance
to Canadian and International shipping in touch with Cape Race. Mr.
Kerton, the manager of the Cape Race Wireless Station, said he could not
express too strongly his appreciation and admiration of the forecasts
sent down from our office. He said he would like, just to show us the
value of the work, to have us discontinue the service for even two
weeks. There would be such an outcry from shipping of all nations that
we would be in no doubt as to the esteem in which the forecasts are
held. The work of sending out forecasts on request has grown to such a
volume that if we were paying for it at the ordinary commercial rate it
would cost us one hundred thousand dollars per year. In fact such
requests are so numerous that they are interfering with the commercial
work of the Marconi Company and the Government will be asked for some
relief in this connection." Doubtless the forecast service on the West
Coast, the Great Lakes, and across Canada generally would have received
a similar accolade.

Time signals by radio opened the door for closer coordination
of meteorological observations across the continent. At the time of the
transit of Mercury May 7, 1924, Prof. L.B. Stewart of the School of

University of Toronto
Practical Science,assisted the meteorological people by setting up a

radio receiver so that the Toronto sidereal clock could be compared

directly with the Arlington time signals. As a consequence, the times
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of the 1lst and 2nd contacts at ingress, in terms of the Washington clock
were l6h 42™ 46°38 and l6h 45T 27571 respectively.

Stupart favored the principle of receiving wireless time signals.
Two years previously he had recommended the acquisition of a radio receiver
on the west coast to monitor the signals from San Francisco. Otto Klotz,
Dominion Astronomer, was asked for an opinion, and voiced strong oppo-
sition to the proposal. He felt that the time service provided by the
Dominion Observatory was superior to that which emanated from San
Francisco. The acquisition of a radio was an unnecessary expense,
particularly when the ultimate product was inferior to that which was
available at home. Also, he felt it was humiliating that any part of
Canada should admit dependence on a foreign product when telegraphic
communication could make the native product available with a reliability
superior to that of radio. Undoubtedly there was some degree of rivalry
between the two men. Both of them had developed a time service, the
separate tentacles of which were commencidg to overlap. And both had an
active interest in the geophysical disciplines of magnetism and seismology.
It was with some dismay that both Toronto and McGill saw a new observatory
built in Ottawa at the turn of the century. Both institutions had urged
the need for expansion and the continual up-dating of facilities, without
which the routine operation of a time service is no longer attractive to
fresh young scientific minds.

So it was that radio receivers came into use in the Meteorological
Service. From Victoria, F. Napier Denison made his last report of tramsit
observations for the year 1919-20. Jamesrﬁglr ogT%cGllg makes no mention

of star transits after the report for the year ending March 31, 1919, but
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instead refers to a wireless receiving set ‘''recently installed'". Presum~
abls he commenced receiving Arlington signals in 1920.

Sir Frederic Stupart, who had been Director of the Meteorological
Service since December 1894, retired in 1929. BHe was succeeded by John
Patterson, M.A. Sir Frederic had his first contact with the Toronto
Observatory in 1872, at the age of 15, which means that he was attached
to the Meteorological Service from the beginning. His school had been
the school of practical experience, and the high quality of his contribution
had been recognized by the knighthood bestowed on him in 1916.

In the annual report for the year ending March 1931, Patterson
writesf3)The time service was maintained with increased efficiency during
the past year. Thermostatic control of the temperature in the clock room
resulted in greatly improved clock rates and consequent saving in time
necessary for transit work. Time exchanges were made about once a month

with Quebec, Montreal, and Saint John and the results were quite

satisfactory. The mean differences were:

Toronto - Quebec = -0.12 sec
Toronto ~ Montreal = -0.17 sec
Toronto - Saint John = -0.70 sec.

In February 1931, a long wave receiving set was installed for the purpose
of checking time with the Arlington signals and the result of daily checks
through the month of March gave:

Toronto - Arlington = -0.07.
Time signals were telegraphed one a week to Agincourt to check and control
errors of the clocks and chronometers. A daily signal is sent out over
the Toronto fire alarm system for the city of Toronto, and hundreds of

(3) Perort of the Derutv Minister, Tept of Marine & Fisheries, 192C-21, €s.
s r -
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calls over the telephone are received daily for correct time from watch-
makers, surveyors, and the general public."

The following year it was reported that 'the time service has
been controlled by daily reception of the Arlington time signals". In
October 1931 a radio receiving set was installed in Agincourt.

The time service continued to be of direct concern to the
Meteorological Service, though fundamental observations for time were
discontinued at all observatories except Saint John, N.B. McGill
provided a signal each day to the telegraph companies which was relayed
Dominion-wide, and except for Victoria, Toronto, Ottawa and the Maritimes,
the time for Canada was set by McGill.

The Observatory at Ottawa, established in 1905, had developed
an expertise in timekeeping, with modern equipment in both transit
instruments and precision clocks. Hence in the federal reorganization
igafgg%r timekeepi ibili ini

A R ping for Canada became the responsibility of the Dominion
Observatory. The magnetic and seismic survey activities of the Toronto
Observatory were also transferred to Ottawa. The Meteorological Service
was thus left free '"to devote all its efforts to provide a weather service
for the Dominion'". (Annual Report of the Assistant Deputy Minister,

Department of Marine 1936-37.)
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MONTREAL

The Natural History Society of Montreal included many prominent
citizens who had direct contact with McGill University. One was Dr. (Sir)
John William Dawson, a Canadian geologist who was appointed Principal in
1855 on the recommendation of the Governor General, Sir Edmund W. Head.
Another was Dr. Charles Smallwood, an English born physician with a great
interest in meteorology and astronomy. At his home at St. Martin, Isle
Jesus, nine miles west of Montreal, Dr. Smallwood had a collection of
instruments, mainly of his own construction for observing weather and
maintaining time, and he published a number of scientific papers as well
as detailed weather summaries. As a result he was given an honorary
degree of LLD by McGill, and in 1856 he was appointed during the pleasure
of the Governors, and no longer, to be Professor of Meteorology, but
without salary.

In 1858, Mr. E.T. Blackwell, President of the Grand Trunk
Pacific Railway Company, proposed to erect an astronomical observatory,
suggesting that McGill provide a site. Railway companies in the United
States were making similar proposals, since they were in need of correct
time. A few years later Dr. Smallwood offered to bring his meteorological
instruments onto the campus if a suitable site were provided. In 1862 the
work got under way and the stone tower, forming the earliest part of the
Observatory, was built at a cost of about $2000.

For a decade the elderly Smallwood pursued his several duties
with characteristic energy. The time, which was determined astronomically
at McGill, became the standard reference for business establishments, the

railway, and for the operation of a time ball in the harbour. The

Fig. 10



Fig. 10 Dr. Charles Smallwood (1R12-1873), who founded the McGill
Fe- 82 Meteorological Observatorv in 1862. Courtesy McGill Nbservatory.



Fig 11 Dr. C.H. ("Buntv") McLeod (1R51-1917), Professor of Geodesy and

Pg. 83 Surveving, and Vice-Dean of Aoplied Science, who was Superintendent
of the McGill Observatory for forty vears. Courtesv McGill
Observatory.
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Observatory was also connected with the fire alarm circuit of Montreal
by means of which correct time was furnished at 7 a.m., noon, and at
6 p.m. for the use of workshops and factories. The winding, rating,
and correcting of ships' chronometers formed an important item in the
work connected with the McGill Observatory. Commencing in 1869, a signal
from Montreal furnished the correct time for firing the noon day gun at
Ottawa, for the purpose of regulating the Government time under the
direction of the Postmaster General.
Smallwood was keenly aware of the need to correlate weather
observations, and welcomed the opportunity to have McGill become a
principal reporting station, cooperating with and reporting to the
Magnetic Observatory at Toronto.
A small amount of revenue was realized by the Bursar's office
at McGill from the railway companies, the Harbour Commissioners, and from
some of the jewellery and other business establishments in Montreal.in return for the ﬁre
service.
Also the McGill Observatory was in receipt of a government subsidy of
$500 per annum. But in common with other educational institutioms,
McGill always seemed to be operating at the poverty level of existence.
Smallwood died in December 1873. Earlier that year he had
signed the diplomas of the first group of McGill engineers to graduate
as a class. One of the five young men was Mr. Clement H. McLeod, who Fig. 11
eventually became Professor C.H. (Bunty) McLeod, Professor of Geodesy
and Surveying, and Vice-Dean of Applied Science. As an undergraduate he
had assisted in the meteorological work. Principal Dawson therefore
invited him to take charge of the meteorological observatory, and

permitted him to go to Toronto for a week of special training under
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Professor G.T. Kingston. Montreal thereupon became a chief station in
the new network, connected by telegraph to Toronto so that observations
could be reported without delay every three hours.

It would appear that MclLeod did not take over the timekeeping
responsibilities of the Montreal community on the death of Smallwood.
Instead they were maintained from the private observatory of Mr. Charles
Seymour Blackman. He was apparently a man of some means. The Montreal
Directory of 1874 gives his residence as Belair Villa, 46 Belmont, and
lists his place of business as E. Atwater & Co., of 17, 19, 21 St. Nicholas.
They were 0il, Lead and Colour Merchants, importers of German sheet window
glass of favorite Star and Diamond Star brands, Manufacturers of wvarnish
and japans. In 1879 he retired, but not before making a handsome gift
to the university of all his astronomical equipment, thus launching
McLeod on his career as official custodian of time for Montreal and all
its connections. In his annual report, McLeod states as follows:

"™McGill College,
Montreal, January 10, 1880.

Sir, -- I have the honour to present the Annual Report of the
McGill College Observatory for the year ending December 31st, 1879:-

The meteorological work done during the year has consisted in
the continuation of the tri-hourly series of observations, referred to
in former reports; in the transmission, each day, of three telegraphic
signals to the Central Meteorological Office, at Toronto; in the
publication, through the local press, of daily, monthly and yearly
results; and in attending to the inquiries of persons seeking special
information. No change has taken place in our equipment of meteoroclogical

instruments, since I had the honour to describe them in a previous report.



Fig. 12 Interior of McGill transit hut showing the Troughton and

Pe 85 Simms transit, mounted on a solid stone pier. Courtesy
& McGill Observatory.
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During the year, the Observatory has been presented with some
valuable astronomical instruments by Charles S. Blackman, Esq., B.A.,
formerly of Montreal, and now a resident of New Haven, Conn. These are
as follows: -- An Equatorial Telescope; a Transit Instrument; a Mean Fig.
Time Astronomical Clock; a two-day Chronometer; a Sidereal Clock; an
Electric-Dial; Two Minute Breakers and an adjustable Meridian Mark with
Lens.

The Telescope has a focal length of seven feet, and a 6% in.
aperture; it is provided with seven celestial, one terrestial and one
zenith eye-piece. The object glass is by H.G. Fitz, of New York, and
the mounting by W.T. Gregg, of the same place: The declination circle
is 6 inches in diameter, and is graduated to read to minutes of arc.

The right ascension circle is of the same diameter and reads to 6 seconds
of time. The motions in declination and R.A. are both fast (friction)
and slow (tangent screws with handles). The seeker has an aperture of

2 inches.

To accommodate this instrument the tower of the Observatory Tig,
was partially rebuilt, and a new pier carried up from seven feet below
the surface of the ground to a total height of 31 feet 2 inches. The
pier is entirely free from contact with the building, and the telescope
is thus protected from the vibrations to which a house is subject. The
cylindrical form of dome was adopted for the Equatorial Room; it is
rotated on iron balls, rolling between two iron troughs or grooves. The
lower portion of the tower is used as a clock and electrical apparatus

room.

12

13
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The Mean Time Clock is by Howard, of Boston, with Denison
gravity escapement and zinc and steel pendulum compensation. It is
provided with electric attachments for minutes and seconds contact.

The Transit Instrument -— by Jones & Son, of Charing Cross,
London, -- is of 3% inches aperture, and 42 inches focal length. It is
mounted on a solid stone pier, and is sheltered by a small wooden
structure. The position of this instrument was of course chosen so as
to obtain the best possible view of the Meridian. It is situated about
seventy feet to the east of the main Observatory building.

The Sidereal Clock is mounted in the Transit House, where are
also an electric dial or seconds jumper and a minute breaker, which are
in connection with the mean time clock. A second dial and minute breaker
are placed in the equatorial room.

Since the 1lst of October, the true mean time has been given to
the city and shipping by the dropping of a ball, placed on the dome of
the Harbour Commissioners building, and by striking all the fire alarm
bells at noon, precisely. This latter is not done directly from the
Observatory, but through the Fire Department; the error of the clock in
the Fire Alarm Office being determined by signals from this Observatory
at specified times, between 11:55 a.m. and noon. This service is a
continuation of the work done by Mr. Blackman previous to his departure
from Montreal; the city having for many years, and - through his very
handsome donation to this Observatory - still continuing to be indebted

to him for a knowledge of true time.
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The mounting of the instruments having only been completed late
last fall, no special astromomical work has, as yet, been undertaken.
I have the honor to be, Sir,
Your most obedient servant,
C.H. McLeod,
Superintendent.
To the Honourable
The Minister of Marine and Fisheries."
The longitude of Montreal had been determined on March 12,
1857, by Lieut. E.D. Ashe, Director of the Quebec Observatory. A
temporary observatory had been established in Viger Garden, and an
exchange of time effected between it and Quebec by telegraph. Previous
to this Quebec had been linked to the primary station, which was Harvard
College Observatory. But in both these links, it was possible for error
to arise due to the personal equation of the observers. The usual
practice was for the observers to exchange positions so that the errors
due to the individual could be measured. No such exchange had occurred
in Lieut. Ashe's determinations. The suspicion of an error was height-
ened when in 1882 General Catts of the U.S. coast survey used Mount Royal
as a heliotrope station in a geodetic net, and a preliminary result was
at variance with Ashe's determination by more than a second of time.
McLeod felt responsible for the accuracy of the Montreal
position, because it was essentially the reference for the Canadian survey
network. Also the time service of the observatory was receiving careful
attention. Observations were being made on every clear night to obtain

a close control of the clock rate. The time ball in the harbour was
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dropped with but few failures, and McGill time was enjoying wide recog-
nition throughout the city and through the telegraph networks of the
railway companies. The importance of thorough accuracy in the time
service for the use of the large number of ocean ships visiting the port
of Montreal was recognized. Furthermore this accuracy was based on the
precision with which the geographical position of observatory was known.
An uncertainty of a second of time was intolerable.

Arrangements were therefore made with Professor E.C. Pickering,
Director of the Harvard College Observatory at Cambridge, Mass., for the
redetermination of the longitude of McGill Observator§i18%¥ee use of the
telegraph lines of the Great Northwestern Telegraph Company during the
longitude campaign was arranged for by Mﬁ??grant, Manager of the Montreal
office. Doubtless this is an example of the good rapport which existed
between McLeod and men of the business world. The work was done by
Prof. W.A. Rogers of Cambridge, assisted by Mr. J. Raynor Edmonds, while
at Montreal Mr. C.H. Chandler, M.A. provided the necessary support for
Prof. McLeod. Telegraphic exchanges of clock signals and observations
for the determination of clock errors, both before and after each
exchange, were made on six nights, and a complete time determination for
personal equation was made by both observers (Rogers and McLeod) on two
nights at Montreal and two nights at Cambridge. Half the expense of the
exercise was born by Harvard.

When the calculations were completed, the longitude of Montreal,
based on that of Harvard College Observatory, proved to be Ah 547 185543 =
s

.045. The corrected value of the longitude as obtained originally from

Quebec was Ah 54 17974, So the improvement amounted to 0°803. McLeod



89

then collaborated with Charles Carpmael in a similar longitude deter-
mination which yielded the position of the Toronto transit as
5P 17 365649 + S049.

In 1888, McLeod reports that the facilities of the observatory
were made available to Capt. E.G. Deville, Surveyor General, for the
purpose of a longitude determination of some point in the west with a
view to closing the chain of longitudes then being carried across the
continent in connection with the Dominion Lands Survey. Obviously this
was recognizing McGill as the best reference point in Canada.

On December 6, 1882 there occurred an astronmomical event which
attracted wide public as well as professional attention, namely the
transit of Venus. McLeod pursued the project with characteristic energy,
and in collaboration with Carpmael of Toronto, arranged with the
Astronomer Royal for the use of an artificial transit with which
prospective observers might gain practice. Most of the professional men
who participated in the campaign did in fact have a dry rum with the
artificial transit device either in Montreal or in Toronto.

Professor McLeod was assigned Winnipeg as his observing site.
His first operation was to verify his position by telegraphic connection
with Dearborn Observatory, Michigan. The weather favoured the Winnipeg
site, and the observational results were sent to Mr. Carpmael, the
scientific coordinator of the Canadian effort.

The improved longitude for McGill as a result of the direct
exchange with Harvard had little impact on the ordinary citizen. Far
more important was the change which occurred on November 18, 1883, when

t

"in consonance with the railroad companies and at my suggestion'" (annual






























































































































































































































































































































































































































































































































































































































































































































































































































