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PRECISE LEVELLING.

This publication is the fifth ene on the subjeet of precise levelling by
the Geodetic Survey of Canada, the ones previously issued being Appendix
No. 5 to. the Chief Astronomer’s report for 1910 and three ‘Publications
of the Dominion Observatory’”, Vol. I, Nos. 2, 3 and 8  These are all
by the writer with the exception of Vol. I, No. 2, which is by D. H.
Nelles, D.L.S.; the levelling shown in it is in the Yukon territory—from
White Pass to Dawson, etc. The present publieation is arranged in the
same general form as last year’s, with the results of the levelling set forth
in three tables. The index and map included herein are complete for
all the work previously published, as well as that in the present publication;
the index indicates in which publication descriptions and elevations of
bench-marks published before this may be found.

Table I indicates the routes followed bhetween terminal paints and
gives eomplefe descriptions of all beneh-marks established along these rqutes.

Table I] shows in the first two columnsg the numbers of the bench-
marks; in the third and fourth columns the approximate distance (in
miles) between bench-marks, and from the initial bench-mark of the line;
the fifth and sixth columns (headed ‘‘Discrepancy’) give the difference
(in feet) between the forward levelling and the backward levelling for
each section between bench-marks and the accumulated difference from
the initial bench-mark. The seventh column gives the elevations of the
bench-marks shown in the second column; for convenience, these bench-
marks are repeated (in the eighth column) in order that the number of
any bench-mark and its elevation may be in adjoining columns. In this
table are shown also the elevations determined by the Geodetic Survey for

certain bench-marks established by other surveys and connected with our
levelling.
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Table III shows the elevations at railway stations and at crossings
of intersecting railways; also on the bridges over rivers and lakes and
the more important streams. Rail elevations were in all cases taken on
top of the rail, in front of the telegraph office at telegraph stations and
opposite the shelter or platform at flag stations.

The results are given for the following lines:—

Halifax, N.S., to Yarmouth, N.S.
Depot Harbour, Ont., to Renfrew, Ont.
Winnipeg, Man., to Kenora, Ont.
Saskatoon, Sask., to Wainwright, Alta.
Maple Creek, Sask., to Coutts, Alta.
Lethbridge, Alta., to Calgary, Alta.

Sy e o

Line 1—run by J. E. Ratz, 1913, and G. F. Dalton, 1914—was started
at a bench-mark (a chiselled groove marked with a broad arrow) on No. .
3 storehouse in the Naval Yard, Halifax. The elevation of this has
been fixed by the Tidal and Current Survey, Department of the Naval Service,
as 12-59 feet above mean sea level at Halifax, determined from the hourly
ordinates of the tide, day and night, during nine complete years. Our
elevations along line 1 are based upon the above mentioned figures and
the line is terminated at Yarmouth upon another bench-mark of the same
department (a broad arrow cut in the north wall of the post office); the
elevation of this has been fixed by the Tidal Survey as 49-74 feet above
mean sea level at Yarmouth, determined from the hourly ordinates of the
tide, day and night, during one complete year. Our elevation for the
above bench-mark—by precise levelling from Halifax—is 49-636, a difference
of only 0-10 ft. The elevations along this line published in Table II
are instrumental ones—mo adjustment has been made to compensate for
the small closing error at Yarmouth.

The elevations along line 2 (G. F. Dalton, 1913, and A. J. Rainboth,
1914) are based upon bench-mark No. 418 on the line from Bala to Sudbury,
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which was published in 1914. By referring to the map it will be seen
that, with the exception of the gap between Ottawa and Renfrew, a circuit
of levels has been completed through Depot Harbour, Toronto, Kempton
and Ottawa; utilizing the levelling by “the Public Works Department to
close up the circuit, the error of closure is found to be 0-25 ft., the
distance being about 680 miles. Line 3 (N. H. Smith, 1913) was started
at bench-mark MCCCCXCVII of the Public Works Department at Winnipeg.
Bench-mark MCCCCLXXXIV at Emerson had already been connected
with our levels from Stephen, Minn., and the difference of elevation between these
two bench-marks, as ascertained by the Public Works Department—namely
19-146 feet—was used to give us a datum for line 3 or, in other words,
an elevation of 767-738 was assigned to bench-mark MCCCCXCVII. Line
4 (N. H. Smith, 1914) commences at bench-mark 28-D on the Regina-
Prince Albert line. Line 5 (D. MeMillan, 1914) is a continuation of the
line from Moosejaw to Maple Creek, published in 1914. It is terminated
at Coutts upon bench-mark H-12 of the United States Coast and Geodetic
Survey, and exhibits a closing error of 0-26 ft., the two lines being referred
to the same datum at Stephen, Minn. Line 6 (G. S. Raley, 1914) was
started from bench-mark 196-C on the above mentioned line 5.

All elevations given are instrumental and have had no adjustments
applied to them, consequently changes may be made in the future; it
should be noted, however, that in all cases where circuits have been closed,
the closing errors are quite small.

The standard bench-mark adopted consists of a copper bolt, three-
quarters of an inch in diameter and four inches long, stamped on the end
with the letters “G.8.C.,.B.M.” (Geodetic Survey of Canada, Bench-mark).
The bolt is sunk horizontally in rock or masonry so that only the circular
end is visible; the number of the bench-mark is stamped on this end as
well as the letters mentioned above, and a horizontal chisel line is cut,
upon which the elevation is taken. At certain points concrete bench.-
mark piers have been built; these project from six inches to one foot above
the ground and extend below the frost line; the copper bolt upon which
the elevation is taken is placed horizontally as in other cases, and is about
nine inches below the top of the pier.

75739—3
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TABLE 1.

BENCH-MARKS BETWEEN HALIFAX AND YARMOUTH, NOVA SCOTIA,
VIA HALIFAX AND SOUTHWESTERN RAILWAY.

Note.—These descriptions are written with the assumption that the railway runs in a southwesterly
direction from Halifax to Shag Harbour, thence northerly to Belleville and thence westerly to

Yarmouth.

386-B

387-B

388-B

389-B

390-B

391-B

392-B

393-B

_ 394-B

395-B

396-B

397-B

398-B

In east face of stone footing of pilaster at southeast corner of Intercolonial station-house, corner of North
and Lockman streets, Halifax. .

In fourth course of stonework below water-table course, in west end of north wall of clock tower of custom-
house, Halifax.

In north face of seat-stone of northerly girder—on east abutment—of subway by which main road from
Halifax to Truro passes under Halifax and Southwestern railway at Fairview, 3 miles from Halifax.

In northwest side of small rock cut on Halifax and Southwestern railway, 450 feet northeast of mile post
6 from Halifax. 4

In exposed rock surface, 8 feet northwest of Halifax and Southwestern railway track and at seventh telegraph
pole southwest of mile post 9 from Halifax.

In southeast side of small rock cut on Halifax and Southwestern railway, at seventh telegraph pole north~
east of mile post 13 from Halifax.

In second course of stonework below bridge-seat, in south face of east retaining wall of Halifax and South-
western railway bridge over East river, 1} miles northeast of French Village.

In first course of stonework above bridge-seat, in northwest end of northeast face of retaining wall bebind
southwest abutment of plate-girder bridge on Halifax and Southwestern railway, 3 mile southwest
of French Village.

In concrete bench-mark pier, 25 feet southeast of northwest line of Halifax and Southwestern railway right-
of-way, 130 feet northeast of a private crossing and 0-3 mile northeast of St. Margaret station.

In first course of stonework above bridge-seat, in northwest end of northeast face of retaining wall behind
southwest abutment of Halifax and Southwestern railway bridge over Ingram river, 1 mile north-
east of Ingramport.

In exposed rock surface in northwest side of shallow cut on Halifax and Southwestern railway, 160 feet
southwest of mile post 32 from Halifax.

In first course of stonework above bridge-seat, in northwest end of northeast face of retaining wall behind
southwest abutment of Halifax and Southwestern railway bridge over Hubbards river, 4 mile north-
east of Hubbards.

In exposed rock surface, 30 feet northwest of Halifax and Southwestern railway track, 60 feet southwest of
a trestle bridge and 400 feet northeast of mile post 3 £f2¢ 1 Halifax.

57153—3%
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399-B In top course of stonework, in northwest end of northeast foundation wall of Halifax and Southwestern
station-house at East River.

400-B In fourth course of stonework below bridge-seat, in northwest end of southwest abutment of plate-girder
bridge on Halifax and Southwestern railway, 0-6 mile southwest of East River station.

401-B In first course of stonework above bridge-seat, in southeast end of southwest face of retaining wall behind
northeast abutment of subway under Halifax and Southwestern railway, 350 feet southwest of Chester
station.

402-B In first course of stonework above bridge-seat, in southeast end of northeast face of retaining wall behind
southwest abutment of Halifax and Southwestern railway bridge over Middle river, 2 miles northeast
of Chester Basin,

403-B In fourth course of stonework below bridge-seat, in southeast end of southwest abutment of bridge on Halifax
and Southwestern railway, § mile southwest of Western Shore station and at mile post 61 from Halifax.

404-B In first course of stonework above bridge-seat, in northwest end of northeast face of retaining wall behind
southwest abutment of Halifax and Southwestern railway bridge over Martin river, 0.6 mile north-
east .of Martin River station.

405-B In southeast face of southwest abutment of stone and timber culvert under Halifax and Southwestern
railway, 2} miles northeast of Mahone Junection and at fourth telegraph pole southwest of mile post
67 from Halifax.

406-B In conecrete bench-mark pier, 3 feet northwest of southeast line of Halifax and Southwestern railway right-

of-way and 340 feet northeast of mile post 71 from Halifax—immediately northeast of Blockhouse
station.

407-B In southeast end of southwest stone abutment of open culvert under Halifax and Southwestern railway, 1
mile southwest of Maitland and at mileage 75-5 from Halifax.

408-B In north face of boulder in centre of shallow cut on Halifax and Southwestern railway—10 feet southeast of
track—150 feet southwest of a small stone culvert and 1-2 miles northeast of Bridgewater station.

409-B 1In second course of stonework above bridge-seat, in south end of east face of west abutment of highway
bridge over Lahave river at Bridgewater.

410-B In second course of stonework below brickwork, in north end of front (or east) wall of Bridgewater post
office.

411-B In fourth course of stonework below bridge-seat, in northwest end of northepst face of southwest abutment

A of Halifax and Southwestern railway bridge over Lahave river, 1} miles from Bridgewater station—
in the direction of Yarmouth.

412-B In first course of stonework above bndge—sea.t in northwest end of southwest face of retaining wall behind
northesast abutment of bridge on Halifax and Southwestern railway, 44 miles southwest of Bridge-
water and at mileage 85-6 from Halifax.

413-B In northwest end of northeast stone abutment of open culvert under Halifax and Southwestern failway
at mileage 906 from Halifax—midway between Conquerall and Italy Cross.

414-B In southeast face of large outcrop of rock—35 feet from southwest end of outcrop—I12 feet northwest of
northwest line of Halifax and Southwestern railway right-of-way, at sixteenth telegraph pole north-
east of mile post 97 from Halifax and 24 miles northeast of County Line station.

415-B In fifth course of stonework below bridge-seat, in west face of north wing-wall of Halifax and Southwestern
railway bridge over Port Medway river, 1,000 feet northeast of Medway.
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416-B

417-B

418-B

419-B

420-B

421-B

422-B

423-B

424-B

425-B

426-B

427-B

428-B

429-B

430-B

431-B

432-B

433-B

In concrete bench-mark pier, 5 feet southeast of northwest line of Halifax and Southwestern railway right-
of-way, 135 feet southwest of crossing of Liverpool-Bridgewater highway and 1 mile northeast of

Brooklyn.

In second course of stonework below bridge-seat, in west face of north wing-wall of bridge on Halifax and
Southwestern railway, 4 mile northeast of Brooklyn.

In northwest end of southwest face—4 feet 6 inches below bridge-seat—of northeast concrete abutment of
Halifax and Southwestern railway bridge over Liverpool river, § mile southwest of Liverpool station.

In second course of stonework below water-table course, in north end of west wall of Liverpool post office.

In north end of west concrete foundation wall—18 inches below woodwork— of Liverpool town hall.

In west face of large flat boulder, 6 feet southeast of northwest line of Halifax and Southwestern railway
right-of-way, between fourth and fifth telegraph poles southwest of mile post 119 from Halifax and
at northeast end of tangent at Hunt Point station.

In northwest end of southwest face of northeast stone abutment of open culvert under Halifax and South-
western railway, 1 mile southwest of Hunt Point station.

In east face of large mass of rock, 22 feet northwest of northwest line of Halifax and Southwestern railway
right-of-way, at thirteenth telegraph pole northeast of mile post 126 from Halifax and 1} miles south-
west of Port Mouton.

In southeast end of southwest face of northeast stone abutment of open culvert under Halifax and South-
western railway, 1 mile southwest of Wilkins.

In south face of large mass of rock lying along southeast line of Halifax and Southwestern railway right-of-
way, 1} miles southwest of Wilkins and between eighth and ninth telegraph poles northeast of mile
post 135 from Halifax.

In southeast end of southwest face of concrete retaining wall behind northeast abutment of Halifax and
Southwestern railway bridge over Tom Tigney river, 11 miles northeast of Sable River station.

In east face of south concrete wing-wall—1 foot below bridge-seat—of Halifax and Southwestern railway
bridge over Sable river, } mile northeast of Sable River station.

In northwest end of southwest face of northeast stone abutment of open culvert under Halifax and South~
western railway, 22 miles northeast of Lockeport and at mileage 1444 from Halifax.

In southeast face of north concrete wing-wall—2 feet above bridge-seat—of Halifax and Southwestern
railway bridge over East river, 24 miles southwest of Lockeport.

In northwest end of northeast face of concrete retaining wall behind southwest abutment of bridge on Halifax
and Southwestern railway, 300 feet northeast of East Jordan.

In second course of stone work above bridge-seat, in southeast end of northeast face of retaining wall behind
southwest abutment of Halifax and Southwestern railway bridge over Jordan river, 1 mile northeast of
Jordan Falls station.

In southeast end of northeast face—20 inches below bridge-seat—of southwest concrete abutment of bridge
on Halifax and Southwestern railway, 13 miles southwest of Jordan Falls station. «

In second course of stonework below woodwork, in front (or west) wall of Shelburne academy, 18 feet from
southwest corner,
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434-B
435-B
436-B

_ 437-B

438-B

439-B.

440-B

441-B

442-B

443-B

444-B

445-B

446-B

447-B

448-B

449-B

450-B

451-B

452-B

In top course of stonework, in west end of south foundation wall of Shelburne court house.

In third course of stonework below water-table course, in south wall of Shelburne post office, 5 feet 4 inches
from wall of clock tower.

In east face of south concrete wing-wall—at level of bridge-seat—of bridge on Halifax and Southwestern
railway, } mile southwest of Shelburne.

In northwest end of northeast face—4 feet below bridge-seat—of southwest concrete abutment of Halifax
and Southwestern railway bridge over Shelburne river, 14 miles southwest of Shelburne.

In northwest end of northeast face—4 feet below bridge-seat—of southwest concrete abutment of Halifax
and Southwestern railway bridge over Roseway river, 0.4 mile northeast of Birchtown.

In concrete bench-mark pier, 3 feet southeast of northwest line of Halifax and Southwestern railway
right-of-way, on top of small knoll 1,600 feet southwest of mile post 175 from Halifax and 1} miles
southwest of Gunning Cove.

In west face of north concrete wing-wall—8 inches below bridge-seat— of Halifax and Southwestern railway
bridge over Round Bay brook, 2 miles southwest of Roseway.

In second course of stonework below timber-seat, in southeast end of southwest face of northeast abutment
of open culvert under Halifax and Southwestern railway, 800 feet northeast of Port Saxon.

In north face of west concrete wing-wall—6 feet below bridge-seat—of Halifax and Southwestern railway
bridge over Clyde river, 1,000 feet northeast of Port Clyde..

In west face of granite boulder—about 20 feet square—on north side of Halifax and Southwestern railway,
700 feet northeast of a highway crossing, 23 miles southwest of Port Clyde and at eighth telegraph
pole southwest of mile post 190 from Halifax.

In northwest end of northeast face of concrete retaining wall behind southwest abutment of Halifax and
Southwestern railway bridge over Barrington river, 1,200 feet northeast of Barrington.

In north face of boulder, 35 feet southeast of southeast line of Halifax and Southwestern railway right-of-
way, 2 miles southwest of Barrington and at mileage 196-8 from Halifax.

In first course of stonework below water-table course, in west wall of Royal Bank at Barrington Passage,
26 feet from southwest corner of building.

In second course of stonework below bridge-seat, in north face of west wing-wall of bridge on Halifax and
Southwestern railway, 1 mile southwest of Barrington Passage.

In southeast end of northeast face of southwest stone abutment of open culvert under Halifax and South-
western railway, 1 mile southwest of Atwoods Brook station and at mileage 201-75 from Halifax.

In third course of stonework below bridge-seat, in north face of west wing-wall of bridge on Halifax and
Southwestern railway, § mile northeast of Shag Harbour.

In east end of north face of south stone abutment of open culvert under Halifax and Southwestern railway,
11 miles north of Woods Harbour.

In west end of south face of north stone abutment of open culvert under Halifax and Southwestern railway,
4 mile south of Upper Woods Harbour. ]

In east face of small square stone culvert under Halifax and Southwestern railway, # mile north of Lower
East Pubnico.
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453-B In west face of concrete retaining wall behind south abutment of bridge on Halifax and Southwestern railway,
4 mile north of East Pubnico.

454-B In first course of stonework below bridge-seat, in southwest face of southwest retaining wall of Halifax and
Southwestern railway bridge over Pubnico river, 1,000 feet south of Pubnico.

. 455-B In south end of west face of small square stone culvert under Halifax and Southwestern railway, 1,500 feet
north of Lower Argyle.

456-B In east end of north face of south concrete abutment of open culvert under Halifax and Southwestern railway,
1 mile north of Central Argyle and 800 feet north of mile post 227 from Halifax.

457-B In first course of stonework below bridge-seat, in southeast face of southeast wing-wall of Halifax and South-
western railway bridge over Argyle river, 3 mile north of Argyle.

458-B In east face of north concrete abutment of open culvert under Halifax and Southwestern railway, 2 miles
south of Belleville.

459-B In northwest face of northeast wing-wall of open culvert under Halifax and Southwestern railway, § mile
west of Belleville.

460-B In second course of stonework above bridge-seat, in northeast face of northeast retaining wall of Halifax
and Southwestern railway bridge over Tusket river, 1 mile west of Tusket.

461-B In concrete bench-mark pier, 3 feet north of south line of Halifax and Southwestern ra.ifway right-of-
way, 520 feet east of west fence line of Yarmouth-Barrington highway crossing, and 1} miles west
of Tusket.

462-B 1In second altar-step below top, in northeast face of northeast concrete wing-wall of large open culvert under
Halifax and Southwestern railway, 0-4 mile east of Arcadia.

463-B In second course of stonework below water-table course, in south end of we#t wall of Yarmouth post office.

464-B In eleventh course of stonework below woodwork, in south end of west wall of Yarmouth court house.

465-B In first course of stonework below water-table course, in south wall—9 feet from southeast corner—of Con-
gregational church, Collins street, Yarmouth.

BENCH-MARKS BETWEEN DEPOT HARBOUR AND RENFREW, ONTARIO,
VIA GRAND TRUNK RAILWAY.

567 In rear (or westerly) concrete wall of Grand Trunk roundhouse at Depot Harbour, 18 inches below water-
table and at foot of pilaster between engine stalls 11 and 12.

.666 In concrete bench-mark pier, 8 feet south of north line of Grand Trunk railway right-of-way, 12 feet west of
a private crossing, § mile east of Depot Harbour and at sixth telegraph pole east of mile post 396 from
Alburgh Junction.

565 In south end of east face of stone and concrete retaining wall behind east abutment of Grand Trunk railway
swing-bridge, 400 feet west of Rose Point station. The copper bolt is 4 feet 4 inches below top and 2
feet 10 inches north of south face of retaining wall.

564 In south face—6 feet from southwest corner— of most southex:ly concrete pier of bridge by which Canadian

Pacific railway passes over Grand Trunk railway, 22 miles east of Rose Point.
Note.—Bench-mark No. 418, on the Bolton-Sudbury line of levels, is in the north abutment of
this bridge. .



14 ’ PUBLICATIONS OF THE DOMINION OBSERVATORY.

563 In north face of exposed rock surface, 10 feet south of Grand Trunk railway track, 20 feet west of milé post
387 from Alburgh Junction, 1 mile east of Otter Lake station and at sixth telegraph pole east of point
where Grand Trunk railway and Canadian Northern railway diverge from one another.

562 In south side of small rock cut on Grand Trunk railway, at fourth telegraph pole west of mile post 382 from
Alburgh Junction.

561 In west end of south face—3 feet below top—of southwest concrete retaining wall of Grand Trunk railway
bridge, § mile east of Maple Lake station.

560 In south face of exposed rock surface, 10 feet south of north line of Grand Trunk railway right-of-way,
1-4 miles east of Edgington and 340 feet west of mile post 374 from Alburgh Junction.

559 In north face—3 feet 6 inches below top— of northwest concrete retaining wall of Grand Trunk rsllwav
bridge over Seguin river, 4 mile west of Seguin Falls station.

558 In south face of exposed rock suxface, 8 feet south of north line of Grand Trunk railway right-of-way, 180
feet east of a whistle post and between fourth and fifth telegraph poles west of mile post 366 from
Alburgh Junction.

557 In north side of small rock cut on Grand Trunk railway—70 feet from west end of cut—300 feet east of
mile post 362 from Alburgh Junction and 14 miles east of Bear Lake station.

556 In west concrete foundation wall—28 inches from northwest corner—of Wm. Morrison’s general store at
Sprucedale; this is a concrete block building at southeast corner of main road and first cross road
east of the station.

555 In north face of exposed rock surface, 37 feet south of Grand Trunk railway track, 880 feet west of a private
crossing and between fifth and sixth telegraph poles east of mile post 854 from Alburgh Junction.

554 In north face of concrete bench-mark pier, 4 feet south of north line of Grand Trunk railway right-of-way—
at a private crossing between second and third telegraph poles east of mile post 350 from Alburgh
Junction—and 3% miles west of Scotia Junction.

553 In south side of rock cut on Grand Trunk railway, 690 feet east of east line of a highway crossing and %
mile east of Scotia Junction.

552 In south end of west concrete foundation wall—3 feet below woodwork—of H. Bralthwalte’s hardware
store at Kearney, opposite the Kearney house.

551 In north side of small rock cut on Grand Trunk railway at mile post 336 from Alburgh Junction.

550 In north side of rock cut on’ Grand Trunk railway, 1,500 feet east of section-house at east end of passing-
track at Ravensworth and 160 feet east of mile post 333 from Alburgh Junection.

549 In south face of exposed rock surface, 25 feet north of Grand Trunk railway track, 280 feet east of a small
timber culvert and at twentieth telegraph pole west of mile post 328 from Alburgh Junction.

548 In south face of exposed rock surface, 20 feet north of Grand Trunk railway track, 1 mile west of Rainy
i Lake station and 450 feet west of mile post 325 from Alburgh Junction.

547 In east end of north face—3 feet 3 inches below top—of northeast concrete retaining wall of Grand Trunk
railway bridge, 3% miles west of Brulé Lake station.

546 In east face of exposed rock surface, 20 feet south of Grand Trunk railway track and 770 feet east of station-
house at Brulé Lake.
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545

544

543
542
541
540
539

538

537

536

In west face of exposed rock surface, 47 feet south and slightly below rail level of Grand Trunk railway
track, 230 feet west of mile post 313 from Alburgh Junction—immediately east of a small lake.

In second course of stonework below top, in north face of northeast retaining wall of Grand Trunk railway
bridge, 150 feet east of Canoe Lake station.

In third course of stonework below top, in south face of southwest retaining wall of Grand Trunk railway
bridge over the narrows of Joe lake, 420 feet east of Joe Lake station.

In third course of stonework below top, in north face of northwest retaining wall of Grand Trunk railway
bridge over Madawaska river, 2 miles west of Algonquin Park station.

In north face—3 feet 6 inches below top—of northeast concrete retaining wall of Grand Trunk railway
bridge over Madawaska river, 1§ miles east of Algonquin Park station.

In third course of stonework below top, in south face of southeast retaining wall of Grand Trunk railway
bridge over Madawaska, river, 41 miles east of Algonquin Park station.

In third course of stonework below top, in north face of northeast retaining wall of Grand Trunk railway
bridge over Madawaska river, £ mile west of Rock Lake station.

In south side of large rock cut on Grand Trunk railway—at rail level—300 feet west of “Men-Wah-Tay?”,
the summer residence of A. W. Fleck, 14 miles east of Rock Lake station.

In south face—at rail level and near centre—of vertical rock surface about 500 feet long, situated 10 feet
north of Grand Trunk railway track and 1,100 feet east of mile post 284 from Alburgh Junection, facing
Long lake.

In fourth course of stonework below top, in north face of northeast retaining wall of Grank Trunk railway
bridge over Madawaska river, 11 miles east of Whitney.

535—-A In concrete bench-mark pier, 36 feet north of Grand Trunk railway track,.350 feet east of mile post 276 from

535

534

533

532

531

530

529

Alburgh Junction and 3 miles east of Whitney—on eastern slope of small depression in centre of a long
clay cut.

In north face—at rail level and near centre—of vertical rock surface, 10 feet south of Grand Trunk railway
track and 360 feet east of mile post 274 from Alburgh Junction.

In third course of stonework below top, in north face of northeast retaining wall of small plate-girder bridge
on Grand Trunk railway, at mile post 271 from Alburgh Junction.

In northeast face of large boulder, 20 feet south of Grand Trunk railway track, 800 feet west of station-
house at Egan Estate and between sixth and seventh telegraph poles east of mile post 267 from Alburgh
Junction.

In concrete bench-mark pier, 8 feet south of north line of Grand Trunk railway right-of-way, 650 feet west
of first rock cut west of Madawaska and 300 feet west of sign * Madawaska, 1 mile.”

In south concrete wall of Grand Trunk roundhouse at Madawaska, 2 feet above water-table and at foot of
first pilaster from southeast corner of engine stall number 1.

In second course of stonework below top, in north face of northeast retaining wall of Grand Trunk railway
bridge over Madawaska river, 1,200 feet east of Madawaska station.

In northeast face of large flat boulder, 30 feet south of Grand Trunk railway track, 3 miles east of Mada-
waska and 175 feet east of mile post 260 from Alburgh Junction.

75739—4
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528

527

526

525

524

523

522

521

520

519

518

517

516

515

514

513

512

511

510

In third course of stonework below top, in north face of northeast retaining wall of Grand Trunk railway
bridge over Opeongo river, 64 miles east of Madawaska.

In north face of boulder, 35 feet south of Grand Trunk railway track and 200 feet east of mile post 253
“from Alburgh Junction—at east end of a gravel cut.

In south face of boulder, 30 feet north of Grand Trunk railway track, between sixth and seventh telegraph
poles west of mile post 250 from Alburgh Junction and 200 feet west of west end of cut at head of grade
to the east of Aylen lake.

In third course of stonework below top, in south face of southwest retaining wall of Grand Trunk railway
bridge, 54 miles west of Barrys Bay.

In south side of rock cut on Grand Trunk railway, 4 miles west of Barrys Bay and 915 feet east of mile
post 246 from Alburgh Junction.

In east end of north face of coping on north end of concrete arch culvert under Grand Trunk railway,
1,700 feet east of Barrys Bay.

In third course of stonework below top, in north face of northeast retaining wall of open culvert under
Grand Trunk railway, 270 feet west of Wilno.

In south side of rock cut on Grand Trunk railway, 134 miles east of Wilno and 960 feet east of first highway
crossing east of mile post 234 from Alburgh Junction.

In south side of rock cut on Grand Trunk railway, 1,125 feet west of a highway crossing, 120 feet east of a
farm erossing and 214 miles west of Killaloe.

In second course of stonework below top, in south face of southeast retaining wall of Grand Trunk railway .
bridge over Brennan creek, 360 feet west of Killaloe station.

In concrete bench-mark pier, 4 feet south of north line of Grand Trunk railway right-of-way, 34 mile east
of Killaloe and 2,130 feet east of mile post 227 from Alburgh Junction.

In south side of small rock cut on Grand Trunk railway, 33{ miles east of Killaloe and between thirteenth
and fourteenth telegraph poles west of mile post 223 from Alburgh Junetion.

In south side of shallow rock cut on Grand Trunk railway, 134 miles west of Golden Lake station and 1,875
feet east of mile post 220 from Alburgh Junetion.

In south side of shallow rock cut on Grand Trunk railway, 14 mile east of Golden Lake station and 2,000
feet west of mile post 217 from Alburgh Junction.

In fourth course of stonework below top, in south face of southwest retaining wall of Grand Trunk railway
bridge over Hurd brook, 0-6 mile west of Eganville.

In east face of large limestone boulder, 20 feet south of north line of Grand Trunk railway right-of-way and
95 feet west of mile post 208 from Alburgh Junction.

In north end of west stone foundation wall of residence owned by Moses Walsh at Caldwell; this is a brick
building at southeast corner of main road and first cross road west of the station.

In west end of north face of small stone culvert under Grand Trunk railway, 1 mile east of Caldwell and
360 feet east of mile post 202 from Alburgh Junction.

In fourth course of stonework below top, in south face of southwest retaining wall of Grand Trunk railway

bridge, 134 miles east of Douglas and at fourth telegraph pole west of mile post 198 from Alburgh
Junction.
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508

507

506

505

3-F

4+-F

5-F

6-F

8-F

9-F

10-F

11-F

12-F

13-F

In fourth course of stonework below top, in northesst face of northeast wing-wall of stone arch culvert under
Grand Trunk railway, 800 feet east of Admaston.

In fifth course of stonework below top, in north face of northeast retaining wall of Grand Trunk railway
bridge, 234 miles west of Renfrew and at fifth telegraph pole east of mile post 191 from Alburgh Junction.

In water-table course of stonework, in front (or east) wall of Renfrew high school, 20 feet south of south
wall of tower.

In first course of stonework below water-table course, in front (or west) wall of Renfrew Presbyterian
church, 5 feet south of south wall of entrance porch at northerly doorway.

In third course of stonework below water-table course, in front (or west) wall of Renfrew post office, 8 feet
to the south of the letter drop.

BENCH-MARKS BETWEEN WINNIPEG, MANITOBA, AND KENORA,
ONTARIO, VIA CANADIAN PACIFIC RAILWAY, (direct line).

In first course of stonework above concrete walk, in west end of north wall of Grand Trunk—Canadian
Northern union station at Winnipeg.

In first course of stonework below brickwork, in south end of east wall of rear section of Winnipeg post
office—at northwest corner of lanes running north from Graham avenue and east from Garry street.

In second course of stonework above concrete walk, in west wall of main (or southerly) section of Canadian
Pacific station at Winnipeg, between third and fourth basement windows from southwest corner.

In concrete bench-mark pier, 4 feet north of south line of Canadian Pacific railway right-of-way, 108 feet
west of intersection of south line of right-of-way with west line of a highway crossing and 314 miles
east of Winnipeg station.

In west end of north face of square concrete culvert under Canadian Pacific railway, 3 miles east of North
Transcona and at mileage 116-7 from Kenora.

In south end of east face of concrete retaining wall behind west abutment—10 inghes above bridge-seat—
of plate-girder bridge on Canadian Pacific railway, at mileage 108-8 from Kenora.

In concrete bench-mark pier, 10 feet north of south line of Canadian Pacific railway right-of-way, 86 feet
west of mile post 102 from Kenora and about 900 feet west of a highway crossing.

In southeast face of southwest concrete retaining wall—6 feet above bridge-seat— of Canadian Pacific
railway bridge over Brokenhead river, 1 mile east of Lydiatt.

In west face of concrete coping on south end of concrete arch culvert under Canadian Pacific railway, 134
miles east of Lydiatt and at mileage 93-4 from Kenora.

In east face of southwest retaining wall of square concrete culvert under Canadian Pacific railway, 600 feet
east of Molson.

In west face of boulder, partly buried in muskeg, 25 feet south of centre line between tracks of Canadian
Pacific railway, and at fourth telegraph pole east of mile post 84 from Kenora.

In north face of concrete footing of Canadian Pacific railway semaphore, 14 mile west of Shelley.

In east face of southwest retaining wall of square concrete culvert under Canadian Pacific railway, 214
miles west of Whitemouth and at mileage 74-36 from Kenora.

75730—43
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In second course of stonework above bridge-seat, in south end of east face of retaining wall behind west
abutment of Canadian Pacific railway bridge over Whitemouth river, 3{ mile east of Whitemouth.

In south end of east face—4 feet below bridge-seat—of west concrete abutment of Canadian Pacific railway
bridge over Bog river. 134 miles west of Darwin and at mileage 67 -1 from Kenora.

In south face of large mass of rock, 40 feet south of centre line between tracks of Canadian Pacific railway,
14 mile west of mile post 64 from Kenora and 85 feet west of sign “ Darwin, 1 mile’’—east of station.

In south side of shallow rock cut on Canadian Pacific railway—mnear east end of cut—at fourteenth telegraph
pole west of mile post 60 from Kenora.

In west face of south face-wall of square concrete culvert under Canadian Pacific railway, at mileage 57-5
from Kenora.

In north end of east face of westerly concrete pier of bridge by which Grand Trunk Pacific railway crosses
over Canadian Pacific railway, 2-7 miles west of Rennie. The bench-mark is near the level of the
Canadian Pacific rails.

In south end of east face of concrete retaining wall behind west abutment—16 inches above bridge-seat—
of plate-girder bridge on Canadian Pacific railway, 2{ mile east of Rennie.

In south face of west concrete abutment—16 inches below bridge-seat—of plate-girder bridge on Canadian
Pacific railway, 2-4 miles east of Rennie and at mileage 49-7 from Kenors.

In north face of exposed rock surface at south side of Canadian Pacific railway track, 114 miles west of
Telford and 500 feet east of mile post 46 from Kenora.

In west end of south face of square concrete culvert under Canadian Pacific railway, 214 miles east of Telford
and at mileage 41-93 from Kenora.

In southwest face of coping stone on southeast wing-wall of stone arch culvert under Canadian Pacific railway,
at mileage 38-44 from Kenora.

In concrete begch-mark pier, between seventh and eighth telegraph poles west of mile post 35 from Kenora
and about 460 feet east of a divergence between the eastbound and westbound tracks of the Canadian
Pacific railway; the pier is 62 feet north of the south track and 82 feet south of the north track.

In south side of rock cut on Canadian Pacific railway, 34 mile west of Ingolf and opposite mile post 32 from
Kenora. 4 .

In north side—25 feet from west end—of large rock cut on Canadian Pacific railway, 234 miles east of Ingolf
and between fifth and sixth telegraph poles east of mile post 29 from Kenora.

In north face of large boulder near southerly line of Canadian Pacific railway right-of-way, between fourth
and fifth telegraph poles east of mile post 26 from Kenora.

In exposed rock surface at south side of Canadian Pacific railway track, 100 feet west of mile post 21 from
Kenora.

In south side of shallow rock cut on Canadian Pacific railway—325 feet from west end—at mileage 17-6
from Kenora.

In south side of long rock cut on Canadian Pacific railway—420 feet east of west end of cut—between sixth

and seventh telegraph poles west of Busteed and directly opposite a railway bench-mark painted
white.
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In south side of rock cut on Canadian Pacific railway, between second and third telegraph poles west of mile
post 11 from Kenora.

In concrete bench-mark pier, 46 feet south of centre line between tracks of Canadian Pacific railway, directly
opposite an abandoned spur line leading to a ballast pit, and about 2,000 feet east of mile post 9 from

Kenora. )

In east end of north face—1 foot below top—of northeast concrete retaining wall of bridge on Canadian
Pacific railway, 450 feet west of Keewatin station.

.

In north end of east face of concrete retaining wall behind west abutment—2 feet 8 inches above bridge-
geat—of Canadian Pacific railway bridge over Winnipeg river, 1-17 miles west of Kenora.

In second course of stonework below brickwork, in west end of north wall of Canadian Pacific station-house
at Kenora.

In fourth course of stonework below brickwork, in west wall of Kenora post office, 11 feet 6 inches north of
north wall of tower.

In third course of stonework below water-table course, in east face of corner stone at northeast corner of
Kenora court house.

BENCH-MARKS BETWEEN SASKATOON, SASKATCHEWAN, AND
WAINWRIGHT, ALBERTA, VIA GRAND TRUNK PACIFIC
RAILWAY.

In north end of west face of concrete retaining wall behind east abutment of Grand Trunk Pacific railway
bridge over South Saskatchewan river, 214 miles west of South Saskatoon station.

In north face of concrete pier supporting pulleys for interlocking pfant—at north side of Grand Trunk
Pacific railway track—and 120 feet east of diamond crossing of Canadian Northern railway, 5 miles
west of South Saskatoon station.

In west concrete foundation wall—7 inches below woodwork and 30 inches from northwest cotner—of
Grand Trunk Pacific railway seetion-house, at west end of Grandora passing-track and immediately
east of a highway crossing,

In concrete bench-mark pier, 5 feet south of north line of Grand Trunk Pacific railway right-of-way, 335
feet east of east line of 2 highway crossing, 134 miles west of Hawoods and at fifth telegraph pole east
of mile post 488 from Winnipeg.

In west concrete foundation wall—4 inches below woodwork and 7 feet from southwest corner—of Grand
Trunk Pacific railway section-house, at east end of passing-track at Asquith.

In south concrete foundation wall—1 foot below woodwork and 19 feet from southwest corner—of frame
house owned by J. B. King, 100 yards north of Juniata station.

In north end of east face of concrete retaining wall behind west abutment—4 feet above bridge-seat—of
Grand Trunk Pacific railway bridge over Eaglehill creek, 214 miles east of Kinley.

In west concrete foundation wall—8 inches below woodwork and 2 feet from southwest corner—of a frame
school house, }{ mile northeast of Leney station.

In north concrete foundation wall—6 inches below galvanized iron sheeting and 6 inches from northeast
corner—of engine house of Saskatchewan Co-operative Elevator company’s elevator (local No. 11},
5% miles west of Leney.
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In west concrete foundation wall— 9 inches below woodwork and 7 feet from southwest corner—of Grand
Trunk Pacific railway section-house, at east end of Neola passing-track.

In concrete foundation—T7 inches below woodwork and 40 inches to the right of the spout—of Grand Trunk
Pacific water-tank, 3-3 miles east of Biggar.

In east end of south concrete foundation wall—2 feet 10 inches below brickwork—of front (or southerly)
section of Biggar public school.

In concrete bench-mark pier, 9 feet south of north line of Grand Trunk Pacific railway right-of-way and
immediately west of a jog in the right-of-way fence, 4-4 miles west of Biggar and 60 feet east of mile
post 531 from Winnipeg.

In south concrete foundation wall—4 inches below galvanized iron sheeting and 2 feet 6 inches from south-
west corner—of Saskatchewan Co-operative Elevator company’s elevator (local No. 38) at Oban.

In west concrete foundation wall—4 inches below woodwork and 6 feet 6 inches from southwest corner—of
Grand Trunk Pacific railway section-house at west end of Palo passing-track.

In concrete foundation—8 inches below woodwork and 3 feet to the right of the spout—ef Grand Trunk
Pacific water-tank at Landis.

In east concrete foundation wall—3 inches below woodwork and 7 feet 6 inches from northeast corner—of
Grand Trunk Pacific station-house at Coblenz.

In east end of north concrete foundation wall—10 inches below woodwork—of signal tower at diamond
crossing of Grand Trunk Pacific and Canadian Pacific railways, 1 mile west of Reford.

In east concrete foundation wall-—4 inches below woodwork and 34 inches from southeast corner—of Grand
Trunk Pacific railway station-house at Scott.

In concrete foundation—4 inches below woodwork and 30 inches to the right of the spout—of Grand Trunk
Pacific water-tank at Tako.

In concrete bench-mark pier, 10 feet south of north line of Grand Trunk Pacific railway right-of-way, 314
miles east of Unity and 10 feet west of mile post 581 from Winnipeg.

In east concrete foundation wall—9 inches below woodwork and 25 inches from southeast corner—of Grand
Trunk Pacific station-house at Unity.

In north conerete foundation wall—6 inches below woodwork and 6 inches from northeast corner—of Grand
‘Trunk Pacific railway section-house, at east end of Vera passing-track.

In concrete foundation—6 inches below woodwork and 4 feet to the right of the spout—of Grank Trunk
Pacific water-tank, 31/ miles east of Winter.

In south face, 5 inches below top, of block of concrete—about 3 feet by 7 feet—originally used as a foundation
for a pumping engine—30 feet south of north line of Grand Trunk Pacific railway right-of-way and
460 feet west of Winter station.

In concrete bench-mark pier, 8 feet south of north line of Grand Trunk Pacific railway right-of-way, 13
miles west of Yonker and 17 feet west of fourteenth telegraph pole west of mile post 612 from Winnipeg.

In west concrete foundation wall—4 inches below woodwork and 6 feet 6 inches from southwest corner—
of Grand Trunk Pacific railway section-house, at east end of Zumbro passing-track.

In north concrete foundation wall—10 inches below top and 8 feet from northeast corner—of grain elevator
on south side of Grand Trunk Pacific railway track, 1,000 feet east of Artland station.
Nore.—The superstructure of this elevator has been burned down and only the foundation remsins.
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In west concrete foundation wall—3 inches below woodwork and 15 inches from northwest corner—of Grand
Trunk Pacific railway section-house at Butze siding.

In east concrete foundation wall—10 inches below woodwork and 25 inches from southeast corner—of Grand
Trunk Pacific station-house at Chauvin.

In concrete bench-mark pier, 7 feet south of north line of Grand Trunk Pacific railway right-of-way, 2,940
feet west of bridge over Ribstone creek and 410 feet east of mile post 640 from Winnipeg.

In porth concrete foundation wall—5 inches below woodwork and 19 inches from northwest corner—of
Grand Trunk Pacific railway section-house, at east end of Dunn passing-track.

In north face—7 inches below top—of concrete abutment along westerly wall of Alberta Co-operative
Elevator company’s elevator (local No. 86) at Edgerton.

In south concrete foundation wall—4 inches below woodwork and 8 inches from southwest corner—of :
Grand Trunk Pacific railway section-house at Heath, }{ mile east of station.

In concrete bench-mark pier, 6 feet south of north line of Grand Trunk Pacific railway right-of-way, 1 mile
east of Greenshields and 96 feet west of mile post 661 from Winnipeg.

In south concrete foundation wall—23 inches below brickwork and 18 inches from southwest corner—of
Wainwright public school.

BENCH-MARKS BETWEEN MAPLE CREEK, SASKATCHEWAN, AND
COUTTS, ALBERTA, VIA CANADIAN PACIFIC RAILWAY.

In south face of concre.e retaining wall behind west abutment-—4 feet above bridge-seat—of plate-girder
bridge on Canadian Pacific railway, 0-4 mile west of Maple Creek and at mileage 84-9 from Swift
Current.

In east end of south face of stone coping on southeast retaining wall of plate-girder bridge on Canadian
Pacific railway, 334 miles west of Maple Creek and at mileage 88-1 from Swift Current.

In south face of concrete retaining wall behind west abutment of small plate-girder bridge on Canadian
Pacific railway, 514 miles west of Maple Creek and at mile post 90 from Swift Current.

In concrete bench-mark pier, 5 feet north of south line of Canadian Pacific railway right-of-way, 114 miles
east of Kincorth and 150 feet west of mile post 96 from Swift Current.

In west face of south face-wall of concrete arch culvert under Canadian Pacific railway, 134 miles east of
Hatton.

In west concrete foundation wall—9 inches below woodwork and 9 inches from southwest corner—of Hotel
Forres at Hatton, 220 feet north of the station.

In south face of central supporting wall of double concrete culvert under Canadian Pacific railway, 1 mile
east of Cummings and at mileage 108-4 from Swift Current.

In south end of west face—6 mches belowztop—of concrete retaining wall behind west abutment of
plate-girder bridge on Canadian Pacfic railway, 23 miles west of Cummings and at mileage 111-9
from Swift Current.

In south end of east face—6 inches below bridge-seat—of west concrete abutment of open culvert under
Canadian Pacific railway, 214 miles east of Walsh and at mileage 112-8 from Swift Current.
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In south end of east face of concrete retaining wall behind west abutment of Canadian Pacific railway bridge
over Mackay creek, 34 mile west of Walsh.

In south end of east face of concrete retaining wall behind west abutment of open culvert under Canadian
Pacific railway, 234 miles west of Walsh and at mileage 117-9 from Swift Current.

In south end of east face of west concrete abutment of plate-girder bridge on Canadian Pacific railway, at
mileage 120-4 from Swift Current.

In south end of east face—7 inches below top—of conerete retaining wall behind west abutment of plate-
girder bridge on Canadian Pacific railway, 314 miles east of Irvine and at mileage 122-2 from Swift
Current.

In south end of east stone foundation wall—6 inches below brickwork— of Kalmbach Block at Irvine,
southwest of the station.

In west end of south stone foundation wall—22 inches below concrete water-table course—of Irvine public
school, a concrete block building northwest of the station

In south end of east face of concrete retaining wall behind west abutment of plate-girder bridge on Canadian
Pacific railway, 2 miles west of Irvine and at mileage 127-6 from Swift Current.

In south end of west face—®8 inches below top—of concrete retaining wall behind wess abutment of plate-
girder bridge on Canadian Pacific railway, 3 miles west of Irvine and at mileage 128-6 from Swift
Current.

In south face-wall, immediately above southwest wing-wall, of double concrete culvert under Canadian
Pacific railway, at mileage 131-6 from Swift Current.

In concrete bench-mark pier, 7 feet north of south line of Canadian Pacific railway right-of-way, 26 feet
west of mile post 135 from Swift Current and about 5 miles east of Dunmore.

In west concrete foundation wall of Canadian Pacific roundhouse at Dunmore, 32 inches below brickwork
and 10 inches from southwest corner.

In south end of west face—6 inches below top—of concrete retaining wall behind west abutment of Canadian
Pacific railway bridge over Bullshead creek, 5 miles southeast of Medicine Hat.

In second course of stonework below water-table course, in northwest end of southwest wall (facing Slxth
avenue southeast) of Medicine Hat post office.

In northwest face of concrete coping on south retaining wall—at rail level—of Canadian Pacific railway
bridge over South Saskatchewan river, 14 mile northwest of Medicine Hat station.

In second course of stonework below water-table course, in southwest end of northwest wall of Canadian
Pacific station-house at Medicine Hat.

In east face of southwest wing-wall of square concrete culvert under Canadian Pacific railway, at mile post
6 from Dunmore,

In south end of west wall—3 feet 6 inches below line of window sills—of Canada Cement company’s office
and machine shop, a large concrete building 400 feet north of Canadian Pacific railway at Dauntless.

In east face of southwest wing-wall of double concrete cuivert under Canadian Pacific railway, at mile post
14 from Dunmore.

In south face—1 foot below top—of concrete retaining wall behind west abutment of Canadian Pacific
railway bridge over Sevenpersons river, 1-9 miles east of Sevenpersons.
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In west face of coping on south end of large concrete arch culvert under Canadian Pacific railway, 23 miles
west of Sevenpersons and 1,000 feet east of mile post 20 from Dunmore.

In west face of large boulder, 130 feet south of south line of Canadian Pacific railway right-of-way, 400 feet
west of a highway crossing and 200 feet east of mile post 27 from Dunmore.

In west concrete foundation wall—16 inches below woodwork and 6 feet from southwest corner—of Odd-
fellows Hall at Winnifred, a frame building northwest of the station.

In concrete bench-mark pier, 4 feet north of south line of Canadian Pacific railway right-of-way, 330 feet
east of a farm crossing, 114 miles west of Winnifred and 380 feet west of mile post 34 from Dunmore.

In south face wall, immediately above southwest wing-wall of concrete arch culvert under Canadian Pacific
railway, 34 mile east of Bow Island and at mileage 403 from Dunmore.

In north end of west concrete foundation wall—13 inches below woodwork—of Roman Catholic church at
Bow Island.

In north concrete foundation wall—1 foot 9 inches below woodwork and 4 feet 7 inches from northeast
corner—of G. H. Johnston’s general store and telephone office at Burdett.

In west concrete foundation wall—8 inches below woodwork and 5 feet 5 inches from southwest corner—of
Methodist church at Burdett.

In west concrete foundation wall—15 inches below brickwork and 7 feet 6 inches from southwest corner—of
hardware store of Larsen Bros. and Hinck, at Grassy Lake.

In east end of north concrete foundation wall—5 feet 6 inches below brickwork—of Grassy Lake publie
school.

In concrete bench-mark pier, 4 feet north of south line of Canadian Pacific railway right-of-way, 350 feet
east of a highway crossing, 1 mile east of Purple Springs and 87 feet east of mile post 64 from Dunmore.

In concrete bench-mark pier, 5 feet north of south line of Canadian Pacific railway right-of-way, 414 miles
east of Taber and 100 feet east of mile post 72 from Dunmore.

In west concrete foundation wall—18 inches below brickwork and 4 feet from southwest corner—of Canadian
Bank of Commerce at Taber.

In west concrete foundation wall—9 inches below brickwork and 4 feet 8 inches from southwest corner—of
Taber public school.

In west end of south face of square concrete culvert under Canadian Pacific railway, 2 miles west of Taber.

In centre of south face of square concrete culvert under Canadian Pacific railway, 360 feet east of a highway
crossing and at mileage 85-7 from Dunmore.

In south face-wall, immediately above southwest wing-wall, of square concrete culvert under Canadian
Pacific railway, 600 feet west of westerly switch at Neidpath passing-track and at mileage 86-8 from
Dunmore.

In west concrete foundation wall-—15 inches below woodwork and 4 feet 6 inches from southwest corner—of
school house at Chin.

In south face of concrete retaining wall behind west abutment of plate-girder bridge on Canadian Pacific
railway, 1 mile west of Chin,

75739—5
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In west end of south face of square concrete culvert under Canadian Pacific railway, 700 feet west of mile
post 94 from Dunmore.

In west end of south face of square concrete culvert under Canadian Pacific railway, 600 feet east of Coal-
dale.

In south face-wall, immediately above southwest wing-wall, of double concrete culvert under Canadian
Pacific railway, 314 miles east of Lethbridge and 400 feet west of mile post 105 from Dunmore.

In second course of stonework below water-table course, in east end of south wall of Canadian Pacific station-
house at Lethbridge.

In fourth course of stonework below water-table course, in west wall of Lethbridge post office, 17 feet from
northwest corner.
Note.—The copper bolt is below the surface of the concrete sidewalk on Seventh street; access
to it may be had by a small chamber fitted with an iron cover.

In east face of granite plinth course at foot of pilaster at southeast corner of Lethbridge court house.

In second course of stonework below water-table course, in east wall—11 feet 6 inches from southeast corner—
of Wesley Methodist church, Lethbridge.

In north concrete foundation wall—7 inches below woodwork and 12 feet from northeast corner—of stock
building “ C,” at Lethbridge exhibition grounds, immediately west of Canadian Pacific railway—
Coutts subdivision.

In concrete bench-mark pier, 5 feet east of west line of Canadian Pacific railway right-of-way, 3{ mile north
of Wilson and 67 feet south of mile post 9 from Montana Junetion.

In north face of boulder, 10 feet east of west line of Canadian Pacific railway right-of-way and at sixteenth
telegraph pole south of mile post 12 from Montana Junection.

In south end of west concrete foundation wall—1 foot below woodwork— of Canadian Pacific station~
house at Stirling.

In east concrete foundatipn wall—8 inches below woodwork and 12 feet from southeast corner—of Stirling
Presbyterian church, a small frame building about 3£ mile west of the station.

In concrete bench-mark piet, 5 feet east of west line of Canadian Pacific railway right-of-way, 2 miles north
of New Dayton and 468 feet north of mile post 25 from Montana Junction.

In south end of east concrete foundation wall—14 inches below woodwork—of Canadian Bank of Commerce
at New Dayton.

In east concrete foundation wall—20 inches below woodwork and 11 feet from northeast cormer—of New
Dayton public school.

In concrete bench-mark pier, 4 feet east of west line of Canadian Pacific railway right-of-way, 520 feet north
of a bridge over a small brook and 85 feet north of mile post 35 from Montana Junction.

In south concrete foundation wall—15 inches belqw woodwork and 9 feet 7 inches from southeast corner—of
First Evangelical church at Warner.

In south concrete foundation wall—734 inches below brickwork and 15 feet 6 inches from southwest corner—
of Warner public school.

In north face of large flat boulder, 200 feet west of west line of Canadian Pacific railway right-of-way, 1,460
feet south of a highway crossing and 1,335 feet north of mile post 43 from Montana Junection.
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212-C

213-C

214-C

215-C

216-C

In concrete bench-mark pier, 5 feet east of west line of Canadian Pacific railway right-of-way, 1 mile north
of Milk River station and 215 feet north of mile post 51 from Montana Junction.

In south end of east concrete foundation wall—18 inches below water-table—of Canadian Bank of Commerce
at Milk River.

In east face—S feet 6 inches below bottom of coping—of northeast concrete retaining wall of highway bridge
over Milk river, in the village of Milk River.

In concrete bench-mark pier, 5 feet east of west line of Canadian Pacific railway right-of-way, 6 miles south
of Milk River and 100 feet south of mile post 58 from Montana Junction.

In north face of concrete pier (built originally for astronomical observations) 240 feet west of Canadian
Pacific railway track, 1,050 feet north of international boundary and 150 feet south of Coutts post
office.

BENCH-MARKS BETWEEN LETHBRIDGE AND CALGARY, ALBERTA,
VIA CANADIAN PACIFIC RAILWAY THROUGH KIPP,
CARMANGAY AND ALDERSYDE,

Note.—These descriptions are written with the assumption that the rajlway runs in a northwesterly
direction from Kipp to Sandstone and thence northerly to Calgary.

83-D

82-D

81-D

80-D

79-D

78-D

777-D

76-D

75-D

74-D

73-D

In south end of west face of concrete retaining wall behind east abutment of Canadian Pacific railway
viaduet over Belly river at Lethbridge—34 mile west of station.

In north end of east face of concrete retaining wall behind west abutment of Canadian Pacific railway
viaduct over Belly river at Lethbridge—134 miles west of station.

In east end of north concrete foundation wall—10 inches below woodwork—of Canadian Pacific railway
section-house, 500 feet west of Kipp station.

In concrete bench-mark pier, 8 feet northeast of southwest line of Canadian Pacific railway right-of-way, 45
feet northwest of a farm crossing and 800 feet southeast of mile post 5 from Kipp.

In northeast concrete foundation wall—7 inches below woodwork and 11 feet from north corner—of Canadian
Pacific railway section-house, 600 feet northwest of Nobleford station.

In concrete bench-mark pier, 7 feet northeast of southwest line of Canadian Pacific railway right-of-way,
820 feet southeast of mile post 12 from Kipp and about 1,900 feet northwest of a highway crossing,.

In west end of south concrete foundation wall—21 inches below brickwork—of westerly section of public
school at Barons.

In northeast conerete foundation wall—7 inches below woodwork and 10 feet from north corner—of Canadian
Pacific railway section-house, 600 feet northwest of Barons station.

In concrete bench-mark pier, 7 feet northeast of southwest line of Canadian Pacific railway right-of-way,
810 feet northwest of a highway crossing, 33/ miles southeast of Carmangay and 1,025 feet southeast
of mile post 24 from Kipp.

In centre of north face of concrete parapet, on north side of stairway, at main entrance of Carmangay public
school.

In south end of rear (or east) concrete foundation wall—9 inches below woodwork—of Canadian Pacific
station-house at Carmangay.

75739—b5%
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72-D
71-D
70-D
69-D
68-D

67-D

66-D
65-D
64-D
63-D

62-D

——

In concrete bench-mark pier, 6 feet northeast of southwest line of Canadian Pacific railway right-of-way,
414 miles northwest of Carmangay and 320 feet southeast of mile post 32 from Kipp.

In northwest concrete foundation wall—2 feet below brickwork and 5 feet 6 inches from west oo,mm—of
public school at Champion.

In southwest concrete foundation wall—8 inches below woodwork and 11 feet from south corner—of Canadian
Pacific railway section-house at Kirkealdy.

In southwest concrete foundation wall-—9 inches below woodwork and 4 feet from west corner—of Canadian
Bank of Commerce at Vulean.

In southeast end of rear (or southwest) concrete foundation wall—22 inches below woodwork—of Canadian
Pacific station-house at Vulcan.

In concrete bench-mark pier, 6 feet northeast of southwest line of Canadian Pacific railway right-of-way,
230 feet northwest of a trestle bridge, 255 feet southeast of mile post 54 from Kipp and 5 miles north-
west of Vulcan. ?

In noitheast concrete foundation wall—8 inches below woodwork and 10 feet from north corner—of Canadian
Pacific railway section-house, 740 feet southeast of Ensign station.

In southeast end of rear (or southwest) concrete foundation wall—7 inches below woodwork—of Canadian
Pacific station-house at Brant.

In concrete benéh-mark pier, 8 feet northeast of southwest line of Canadian Pacific railway right-of-way,
10 feet northwest of a highway crossing and 234 miles northwest of Brant.

In east end of north concrete foundation wall—15 inches below woodwork—of front (or east) section of
public school at Blackie.

In concrete bench-mark pier, 7 feet northeast of southwest line of Canadian Pacific railway right-of-way,
145 feet southeast of a highway crossing, 3 miles northwest of Blackie and 527 feet northwest of mile
post 75 from Kipp.

61-D—2 In northeast concrete foundation wall—4 inches below woodwork and 30 inches from north corner—of

61-D

59-D

58-D

57-D

56-D

55-D

Canadian Pacific railway section-house at Mazeppa.

" In concrete bench-mark pier, 7 feet northeast of southwest line of Canadian Pacific railway right-of-way,

187 feet southeast of southeast end of bridge over Highwood river and 114 miles southeast of Alder-
syde.

In south face of west concrete retaining wall—32 inches above bridge-seat and directly in line with south-
westerly truss—of Canadian Pacific railway bridge over Sheep creek, 1 mile southeast of Okotoks.

In southwest end of southeast face of concrete retaining wall behind northwest abutment of plate-girder
bridge on Canadian Pacific railway, 13{ miles northwest of Okotoks.

In north end of west face of square concrete culvert under Canadian Pacific railway, 460 feet south of Sand-
stone station.

In north face of east face-wall of concrete culvert under Canadian Pacific railway, 1 mile north of De Winton.
In north face of east face-wall of concrete culvert under Canadian Pacific railway, 2 miles north of De Winton.

In west face of exposed rock surface, 6 feet east of east line of Canadian Pacific railway right-of-way, 600
feet south of mile post 10 and 114 miles south of Midnapore.
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52-D

51-D

50-D

In southeast face of northeast concrete retaining wall—2 feet above bridge-seat—of Canadian Pacific railway
bridge over Fish creek, 0-6 mile north of Midnapore.

In south face of west face-wall of concrete culvert under Canadian Pacific railway, 234 miles north of Mid-
napore.

In west face—26 inches below top— of concrete footing of bridge by which Canadian Pacific railway (Mac-
leod subdivision) passes under Canadian Northern railway, 2 miles southeast of Calgary station. The
footing referred to iz under a steel upright at south side of bridge and to the east of the Canadian
Pacific railway track.

In sixth course of stonework below water-table course, in south face of corner stone at southeast corner of
Calgary city hall.

In second course of stonework below water-table course, in west face of corner stone at northwest corner of
Calgary court house.
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TABLE 1II.
RESULTS OF PRECISE LEVELLING.
HALIFAX TO YARMOUTH, N.S.
= e
Distance Distance
BENCHE-MARK. between from DiscrEFANCY. Elev. above BeNcE-
successive bench- mean Magk.
bench— mark sea level.
marks. 386-B.
From To Partial. Total.
No. No. Miles. Miles. Feet. Feet. Feet. No.
1 12-590 2

1 386-B 60-743 386-B
386-B 387-B 1-0 1-0 —-013 —-013 21-575 387-B
386-B 3838-B 2-9 2.9 —.014 —.014 40.963 388-B
388-B 389-B 3-0 5-9 +-025 +-011 275-732 389-B
389-B 390-B 3-3 9.2 —017 —-006 240-148 390-B
390-B 391-B 36 12-8 —-028 —.034 305-116 391-B
391-B 392-B 5.3 18-1 —-032 —-066 198-912 392-B
392-B 393-B 2.2 20-3 —-011 — 077 79-856 393-B
393-B 394-B 2-5 22-8 +--002 —-075 56-192 394-B
394-B 895-B 4.5 27-3 — 035 ~.110 28-259 395-B
395-B 396-B 4.6 31-9 —-015 —-125 79-564 396-B
396-B 397-B 2.3 34-2 —-017 —-142 34-887 397-B
397-B 398-B 4.6 38-8 —-029 —-171 115-522 398-B
398-B 399-B 3.7 42.5 — 024 —+195 56-172 399-B
399-B 400-B 0-6 43-1 +-010 —-185 13-823 400-B
400-B 401-B 7-8 50-9 —-008 —-193 43-505 401-B
401-B 402-B 3-4 54-3 —-018 —.211 39-141 402-B
402-B 403-B 6-4 60-7 — 032 —.243 41-448 403-B
403-B 404-B 2.7 63-4 --001 —-242 32-542 404-B
404-B 405-B 3-4 66-8 +-023 —-219 86-650 405-B
405-B 406-B 3-8 70-6 — 005 —.224 171.307 406-B
406-B 407-B 4.5 75-1 —-025 —-249 180-655 407-B
407-B 403-B 4-1 79-2 —-022 —-.271 97.522 408-B
408-B 409-B 1-2 80-4 —-009 —-280 12-591 409-B
409-B 410-B |............ 80-4 -000 —-280 38-207 410-B
409-B 411-B 1-4 81-8 — 003 —.283 44-491 411-B
411-B 412-B 3-6 85-4 — 026 —.309 206-780 412-B
412-B 413-B 4-9 90-3 —-021 — 330 195-700 413-B
413-B 414-B 5.9 96-2 —-039 — 369 217-339 414-B
414-B 415-B 6:6 102-8 —-041 —-410 6-047 415-B
415-B 416-B 6-1 108-9 —-016 — 426 79-634 416-B

1 Reference bench-mark, Department of the Naval Service.
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RESULTS OF PRECISE LEVELLING.

HALIFAX TO YARMOUTH, N.S.—Continued.

BrncH-MAREK. Distance Distance DiscreEpancy Elev. above BencE-
between from mean MAREK.
successive bench- ses level.
bench- mark
From To marks. 386-B Partial. Total.

No. No. Miles. Miles. Feet. Feet. Feet. No.
416-B 417-B 0-6 109-5 +-011 —-415 37.351 417-B
417-B 418-B 2-4 111-9 +-002 —-413 5-868 418-B
418-B 419-B 1-1 113-0 —-013 — 426 20-064 419-B
419-B TR e e S 113-0 +-009 —-417 23-340 420-B
418-B 421-B 6-5 118-4 +-014 --399 77-873 421-B
421-B 422-B 1-5 119-9 +-004 —-395 33-595 422-B
422-B 423-B 5-0 124-9 +-025 —.370 167-974 423-B
423-B 424-B 80 132-9 +-008 —-362 197-982 424-B
424-B 425-B 1-1 134-0 4+ -006 —-356 170-591 425-B
425-B 426-B 4.5 138-5 +-021 —.335 70-115 426-B
426-B 427-B 1.0 139-5 +-001 —.334 5-916 427-B
427-B 428-B 4-1 1436 - 007 —.341 24.266 428-B
428-B 429-B 5-1 148-7 +-034 —.307 25-956 429-B
429-B 430-B 5-1 153-8 +-010 —.297 13-348 430-B
430-B 431-B 2-4 156-2 —-005 —:302 10-826 431-B
431-B 432-B 1-8 158-0 +-011 —.291 47.511 432-B
432-B 433-B 3-9 161-9 —-019 —-310 60-967 433-B
433-B 434-B 0-2 162-1 +-004 —-306 60-732 434-B
434-B 435-B 0-2 162-3 — 004 —.310 27-736 435-B
433-B 436-B 1-0 162-9 +-007 —-303 32-950 436-B
436-B 437-B 0-9 163-8 -+ -003 —-300 6-654 437-B
437-B 438-B 4.8 168-6 + 032 —-268 4.389 438-B
438-B 439-B 6:4 175-0 + 029 —-239 56-511 439-B
439-B 440-B 4.3 179-3 +-030 —-209 15-637 440-B
440-B 441-B 5-4 184-7 —-005 —.214 22-044 441-B
441-B 442-B 2-2 186-9 +-005 — 209 6-151 442-B
442-B 443-B 2-8 189-7 +-010 —-199 75-036 443-B
443-B 444-B 4-2 193-9 —-003 -~ -202 - 8-349 444-B
444-B 445-B 2.2 196-1 + 004 —-198 18-675 445-B
445-B 446-B 1-5 197-6 +-.017 — 181 21-675 446-B
446-B 447-B 1.2 198-8 +-001 —-180 7-239 447-B
447-B 448-B 2-4 201-2 —.015 —-195 45-185 448-B
448-B 449-B 1-5 202-7 =004 —-191 7-071 449-B
449-B 450-B 4-5 207-2 —.019 —.210 37-004 450-B
450-B 451-B 1-7 208-9 — 006 —.216 43-593 451-B
451-B 452-B 4.5 213-4 -—.011 — 227 11.728 452-B
452-B 453-B 3-8 ' 217-2 —.035 — 262 11.296 453-B
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RESULTS OF PRECISE LEVELLING.

HALIFAX TO YARMOUTH, N.S.—Continued.

Distance Distance
BENCH-MARK. between from DiscreEPANCY. Elev. above Benca-
successive bench- mean Magk.
bench— mark sea level.
marks. 386-B
From To Partial. Total.

No. No. Miles Miles. Feet. Feet. Feet. No.
453-B 454-B - 2.1 219-3 +-017 —-245 9-558 454-B
454-B 455-B 4.1 223-4 —-005 —-250 50-344 455-B
455-B 456-B 3-4 226-8 + 007 —243 31-522 456-B
456-B 457-B 2.3 229-1 —-001 —-244 8-806 457-B
457-B 458-B 2-9 232-0 —-011 —-255 39-942 458-B
458-B 459-B 2.7 234.7 + -005 —-250 14-720 459-B
459-B 460-B 2.8 237-5 —-014 —,;284 11-608 460-B
460-B 461-B 1-1 238-6 +-004 — 260 22-191 461-B
461-B 462-B 3.7 242-3 —-028 —.288 20-061 462-B
462-B 463-B 5.5 247-8 —-031 —-319 48-212 463-B
463-B 464-B 0-2 2480 +-001 —.318 61-489 464-B
464-B 465-B 0-3 248-3 —-008 —-326 67-755 465-B

Connections at Halifax with Public Works Dept’s. levels:—
B.M.—MXXIV-—No. 3 storehouse, Elev. 9-966
B.M.—MXXVII—Drydock pump-house, Elev. 9-933
B.M.—MXXVIII—Boulder near mile post 3, Elev. 13-294.

For connection at Yarmouth with Tidal Survey B.M., see Introduction.
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RESULTS OF PRECISE LEVELLING.

DEPOT HARBOUR TO RENFREW, ONT.

Distance Distance
BeNCH-M ARK. between from DISCREPANCY. Elev. above Benca-
successive bench- mean MARK.
bench- mark sea level.
marks. 418.
From To Partial. Total.
No. No. Miles. Miles. Feet. Feet. Feet. No.

418 674-930 418
418 SEAT R e R e ke Sl L —-003 —-003 656-719 564
564 565 2.7 2-7 -000 —-003 596598 565
565 566 2-0 4.7 —-010 —-013 603-974 566
566 567 0-9 5-6 + 002 —-011 604-136 567

418 674-930 418
418 iFszle, R e Ao ] | TR e —-003 —-003 656-719 564
564 563 4.1 4-1 +-010 +.007 763-915 563
563 562 4.9 9-0 —.023 —-016 876-686 562
562 561 4-2 13-2 —-017 —-033 772-242 561
561 560 3-8 17-0 —-020 —-053 899-547 560
560 559 4.3 21-3 -+ -008 —-045 977-056 559
559 558 3:7 25-0 —-001 —-046 1018-716 558
558 557 4-0 29-0 —-019 —-065 1050-992 557
557 556 5-0 34-0 —-014 —-079 1082-741 556
556 555 3:2 37-2 —-001 —-080 1084.733 555
555 554 3-8 41-0 —.011 —-091 1133-032 554
554 553 4.3 45-3 +-001 —-090 1107-669 553
553 552 5:2 50-5 —-001 —.091 1115-299 552
552 551 4.5 55-0 +-010 —.081 1285-192 551
551 550 3-1 58-1 —-013 —-094 1438-433 550
550 549 4-4 62-5 —-006 —-100 1513-130 549
549 548 3:5 66-0 -000 —-100 1445-073 548
548 547 5-4 71-4 +-042 —-058 1542-919 547
547 546 3-6 75-0 +-015 —-043 1476-156 546
546 545 3-0 78-0 —-021 —.064 1433-632 545
545 544 3-4 81-4 +-034 —-030 1389-617 544
544 543 0-5 81-9 + 001 —-029 1392-434 543
543 542 5-4 87-3 + 043 +-014 1473-098 542
542 541 3.9 91-2 —-035 —-021 1378-840 541
541 540 2-4 93-6 —-017 —-038 1305768 540
540 539 7-1 100-7 —-039 —-077 1288-014 539
539 538 2-0 102-7 —-027 —-104 1308-462 538
538 537 4.4 107-1 +-022 —-082 1287-267 537
537 536 6-1 113-2 +-033 —-049 1243-443 536
536 535-A 1-6 114-8 —-031 —-080 1264 -648 535-A
535-A 535 2-1 116-9 +-024 —-056 1207-397 535
535 534 2:9 119-8 —.024 —-080 1130-619 534
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RESULTS OF PRECISE LEVELLING.

DEPOT HARBOUR TO RENFREW, ONT—Continued.

Distance Distance
BeNcH-MARK. between from DISCREPANCY. Elev. above Benca-
successive bench- mean MAREK.
bench- mark sea level.
marks. 418. -
From To Partial. Total.

No. No Miles Miles. Feet. Feet Feet. No.
534 533 4.2 124.0 —-013 —-093 1084-772 533
533 532 2-1 126-1 —-001 —-094 1072-195 532
532 531 1.7 127-8 -+ -005 —-089 1036-312 531
531 530 0-2 128-0 +-005 —-084 1025-970 530
530 529 2-9 130-9 —-004 — 088 1065-976 529
529 528 32 134-1 —-019 —-107 1074-151 528
528 527 35 137-6 —-002 —-109 1181-215 527
527 526 2-8 140-4 —-031 —-140 1179-797 526
526 525 2.8 143-2 +--010 —-130 1010-907 525
525 524 1-6 144-8 — 007 —-137 1021.-980 524
524 523 4-1 148-9 —-031 —-168 952-841 523
523 522 6-1 155-0 +-032 —-136 951-348 522
522 521 1-8 156-8 4016 —-120 881-362 521
521 520 4.3 161-1 4026 —-094 664 -407 520
520 519 2-3 1634 +-012 —-082 594.072 519
519 518 0-5 163-9 —-002 —-084 567-497 518
518 517 3-2 167-1 —-014 —.098 576-581 517
517 516 3.7 170-8 -+ -025 ~-073 565-927 516
516 515 2.3 173-1 +-015 — 058 582-652 515
515 514 6:5 179-6 —-007 -~ 065 574-743 514
514 513 2-8 182-4 -—+013 —.078 531263 513
513 512 5-0 187-4 —-021 —-099 496-990 512
512 511 0-9 188-3 +-013 —-086 460-280 511
511 510 3-9 192-2 —-020 —~-106 439-415 510
510 509 4-0 196-2 - -006 —-112 390-979 509
509 508 3-2 199-4 —-008 —-120 388-475 508
508 507 3-0 202-4 —-008 —-128 417-090 507
507 505 0-3 202-7 —-005 -—-133 425-628 505
505 506 0-1 202-8 +-003 -—-130 449-162 506

Connections with Public Works Dept’s levels:—
B.M.—DCCLXXI—Boulder at Scotia Jet., Elev. 1082-027
B.M.—CCCCLXXXIV—C.P.R. station, Renfrew, Elev. 417-090

B.M.—CCCCLXXXV—C.P.R. water-tank, Renfrew, Elev. 417-869.
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RESULTS OF PRECISE LEVELLING.

WINNIPEG MAN., TO KENORA, ONT.

Distance | Distance
BENcH-MARK. between from DiscrepANCY. Elev. above Benca-
successive bench- mean MARK.
bench- mark sea level.
marks. 1-F.
From To Partial. Total.
No. No. Miles. Miles. Feet. Feet. . Feet. No.
1-F 764-684 1-F
1-F 2-F 0-5 0-5 +-005 -+ 005 763-856 2-F
2-F 3-F 1.3 1-8 —.022 —-017 765-484 3-F
3-F 4-F 3-5 5-3 +-007 —-010 761-361 4F
4-F 5-F 5-8 11-1 +-016 -+ -006 780771 5-F
5-F 6-F 7-8 189 +-044 -+ +050 792 -394 6-F
6-F 7-F 6-8 25-7 +-018 + -068 814270 7-F
7-F 8F 7-9 33-6 —-035 +--033 813-454 8-F
8-F 9P 0-8 34-4 —-008 +-025 811-646 9-F
9-F 10-F 56 40-0 — 002 +-023 878-794 10-F
10-F 11-F 3-8 43-8 +-031 +-054 915-601 i1-F
11-F 12-F 5-3 49-1 —+010 +-044 925-869 12-F
12-F 13-F 4.3 53-4 —.013 +--031 903605 13-F
13-F 14-F 3.0 56-4 +-002 <+-033 898-019 14-F
14-F 15-F 4.3 60-7 +.027 -+ -060 932-099 15-F
15-F 16-F 3-0 63-7 —-001 +-059 964 -865 16-F
16-F 17-F 3-9 67-6 —-019 +--040 995920 17-F
17-F 18-F 2.9 70-5 +-015 <+ -055 1011-064 18-F
18-F 19-F 2-6 73-1 —-008 +-047 1035-274 19-F
19-F 20-F 3-0 76-1 +-004 +-051 1051-124 20-F
20-F 21-F 2.1 78-2 +-021 +-072 1080-068 21-F
21-F 22-F 3-8 82-0 +-019 +-001 1113-841 22-F
22-F 23-F 4.0 86-0 +--008 +-099 1064-634 23-F
23-F 24-F 3.4 89-4 —-005 +-094 1047-103 24-F
24-F 25-F 3-3 92.7 +-013 ++107 1125-015 25-F
25-F 26-F 3-2 95-9 +-012 +-119 ° 1188615 26-F
26-F 27-F 3-0 98-9 +-030 +-149 1223-854 27-F
27-F 28-F 3-1 102-0 +-021 +-170 1250009 28-F
28-F 29-F 4.9 106-9 +-025 +-195 1226-108 20-F
29-F 30-F 3-4 110-3 — -005 +-190 1182.367 30-F
30-F 31-F 3-8 113-8 —-021 +-169 1183-081 31-F
31-F 32-F 3-0 116-8 +4-014 +-183 1137-755 32-F
32-F 33-F 2.4 119-2 + 003 +-186 1118-948 33-F
33-F 34-F 5-4 124-6 +:010 ++196 1083-387 34-F
34-F 35-F 2.0 126-6 +-001 +-197 1084:013 35-F
35-F 36-F 1-2 127-8 —-022 +-175 1093-051 36-F
36-F 37-F 0-2 128-0 — 002 +-173 1090-832 37-F
37-F 38-F 0-3 128-3 +.001 +-174 1082500 38-F
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RESULTS OF PRECISE LEVELLING.

SASKATOON, SASK., TO WAINWRIGHT, ALTA.

Distance Distance
BeNcE-MARE. between from DiSCREPANCY. Elev. above Bexnce-
successive bench- mean Mazxk.
bench- mark sea level
marks. 28-D.
From To Partial. Total.

No No Miles. Miles Feet. Feet. Feet. No.
28-D 1651-349 28-D
28-D 1-H 1-7 1-7 —-008 —-008 1620-857 1-H
1-H 2-H 2.7 4.4 +-024 +-016 1653 -142 2-H
2-H 3-H 10-8 15-2 —-048 —.032 1660-554 3-H
3-H 4-H 5-9 21-1 —-025 —-057 1642-618 4-H
4-H 5H 3-2 24-3 —-015 —-072 1712-641 5H
5-H 6-H 5:5 29-8 +-015 —-057 1789-459 6-H
6-H 7-H 2.4 32-2 —-017 —-074 1751-705 7-H
7-H 8H 8-0 40-2 +-047 —-027 1813-974 8-H
8-H 9-H 5-3 45-5 —.017 —-044 1922-795 9-H
9-H 10-H 6-8 52-3 +--004 —-040 2046-107 10-H
10-H 11-H 4.0 56-3 —-036 —-076 2096 -242 11-H
11-H 12-H 3:3 59-6 +-024 —-052 2193-804 12-H
12-H 13-H 4.4 64-0 —-007 —-059 2091-392 13-H
13-H 14-H 4.3 68-3 +-026 —-033 2121-095 14-H
14-H 15-H 7.7 76-0 +-052 +-019 2110-567 15-H
15-H 16-H 6-3 82-3 —-003 +-016 2134-549 16-H
16-H 17-H 7-3 89-6 +-001 -+-017 2225-103 17-H
17-H © 18-H 7-6 97-2 —.021 —-004 2142-559 18-H
18-H 19-H 5.0 102-2 — 012 — 016 2163-439 19-H
19-H 20-H 8:5 110-7 —-017 --033 2106-474 20-H
20-H 21-H 3-2 113-9 —.012 — 045 2076-892 21-H
21-H 22-H 3:5 117-4 + 029 — 016 2092363 22-H
22-H 23-H 10.3 127-7 —-013 —-029 1922-229 23-H
23-H 24-H 5-8 133-5 +-015 —-014 1958 -406 24-H
24-H 25-H 3.3 136-8 —+003 —-017 1985-192 25-H
25-H 26-H 8.4 145-2 —-008 —.025 1993-118 26-H
26-H 27-H 5.0 150-2 —-006 —-031 2067 -470 27-H
27-H 28-H 5.6 155-8 +-017 —.014 2009-657 28-H
28-H 29-H 7-3 163-1 —-011 —-025 2013-876 29-H
29-H 30-H 3-3 166-4 ~ 005 —-030 2059-784 30-H
30-H 31-H 6-4 172-8 -—+001 —-031 2041-998 31-H
31-H 32-H 3-0 175-8 —-003 —-034 2108-791 32-H
32-H 33-H 4.6 180-4 —-005 —-039 2108-818 33-H
33-H 34-H 6:6 187-0 +-012 —-027 2185-465 34-H
34-H 35-H 6-8 193-8 +-037 +-010 2232 -469 35-H
35-H 36~-H 6:5 . 200-3 +-021 +-031 2236-888 36-H
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RESULTS OF PRECISE LEVELLING.

MAPLE CREEK, SASK., TO COUTTS, ALTA.

Distance Distance
BeNcH-MARK. between from DiscREPANCY. Elev. above Benca-
successive bench- mean MaRK.
bench- mark sea level.
marks, 94-C.
From To Partial. Total.
No. No. Miles Miles. Feet. Peet. Feet. No.

146-C 198-8 ~+-070 2505-817 146-C
146-C 147-C 3-2 202-0 —-001 + -069 2506-670 147-C
147-C 148-C 1-9 203-9 — 007 +-062 2531.642 148C
148-C 149-C 5.9 209-8 +-019 +-081 2533-311 149-C
149-C 150-C 56 215-4 —-004 +-077 2478-303 150-C
150-C 151-C 1.7 217-1 -+ -001 +-078 2469-640 151-C
151-C 152-C 50 222-1 +-029 +-107 2392-100 152-C
152-C 153-C 3-6 225-7 +-017 +-124 2420.192 153-C
153-C 154-C 0-9 226-6 +-002 +-126 2421 -246 154-C
154-C 155-C 3:0 2296 —-008 . +-118 2441-800 155-C
155-C 156-C 2-0 231-6 +-004 +-122 2432266 156-C
156-C 157-C 2-5 234-1 —-005 +-117 2461-658 157-C
157-C 158-C 1-8 235-9 +-010 +-127 2500-119 158-C
158-C 159-C 3-5 239-4 +-023 +-150 2503 -461 159-C
159-C 160-C 0-2 239-6 +-003 +-153 2500-827 160-C
159-C 161-C 2.0 241-4 —-019 +-131 2480-328 161-C
161-C 162-C 0-9 242.3 -+-004 -+ -135 2466074 162-C
162-C 163-C 3:0 245-3 +-009 +-144 2426-056 163-C
163-C 164-C 32 248-5 +-014 +-158 2419-033 164-C
164-C 165-C 5-4 253-9 —-003 +-155 2413-604 165-C
165-C 166-C 2-3 256-2 - —-009 +-146 2317-593 166-C
166-C 169-C 5-0 261-2 +-026 4172 2183-274 169-C
169-C 168-C 0-2 261-4 — 004 ~-168 2184-522 168-C
168-C 167-C 0-2 261-6 —-010 +-158 2186-099 167-C
165-C 170-C 6-0 259-9 —-033 +-122 2363 -451 170-C
170-C 171-C 1.0 260-9 —-013 +-109 2388-.988 171-C
171-C 172-C 6-9 267-8 — 001 +-108 2450-271 172-C
172-C 173-C 1-6 2694 +-004 +.112 2460-625 173-C
173-C 174-C 4.2 273-6 +-014 +-126 2518505 174-C
174-C 175-C 7-1 280-7 +-003 +-129 2763200 175-C
175-C 176-C 5-8 286-5 —-010 4119 2724.517 176-C
176-C 177-C 1-4 2879 +-004 +-123 2688157 177-C
177-C 178-C 6-3 294.2 +-019 +.142 2597 - 864 178-C
178-C 179-C 0-5 294-7 -000 +-142 2621-734 179-C
179-C 180-C 7-3 302-0 - +-019 +-161 2574 -426 180-C
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RESULTS OF PRECISE LEVELLING.

MAPLE CREEK, SASK., TO COUTTS, ALTA—Continued.

Distance Distance
BENCH-MARK. between from DiscrEPANCY. Elev. above Bexca-
succesgive bench- mean Magxk.
bench- mark sea level.
marks. 94-C.
.« From To Partial. Total.

No. No Miles. Miles. Feet. Feet. Feet. No.
180-C 1103 I B R T =) 302-0 +-004 + 165 2576-419 181-C
180-C 182-C 7-9 309-9 +-041 +-202 2649-851 182-C
182-C ABS=0 s T 309-9 —-005 +-197 2658-048 183-C
182-C 184-C 8-0 317.9 +-008 +-210 2619-200 184-C
184-C 185-C 8-1 326-0 +4-048 +.258 2641-552 185-C
185-C 186-C 4.6 330-6 —-011 4247 2668 -310 186-C
186-C 187-C 0-5 331-1 000 +-247 2658769 187-C
186-C 188-C 1-9 332-5 -000 +-247 2677669 188-C
183-C 189-C 7-1 339-6 +-035 +4-282 2730-286 189-C
189-C 190-C 1-0 340-6 —-002 +-280 2739-649 190-C
190-C 191-C 3-6 344-2 +-023 +-303 2780-475 191-C
191-C 192-C 0-8 345-0 —-003 +-300 2773-720 192-C
192-C 193-C 3-0 348.0 +-013 +4--313 2812-108 193-C
193-C 194-C 3-8 351-8 + -004 +-317 2825-793 194-C
194-C 195-C 7-1 358-9 -— 009 +-308 2991.190 195-C
195-C 196-C 3:3 362-2 —.028 +-280 2084 -862 196-C
196-C 197-C 0-3 362-5 —-010 +:270 2976 -338 197-C
197-C TG L e 362-5 +-001 +-271 2978-588 198-C
198-C 199-C 0-3 362-8 —-009 +-262 2994 -353 199-C
196-C 200-C 2.6 364-8 +-014 +-294 2992-352 200-C
200-C 201-C 8-1 372-9 +-053 +-347 3046-760 201-C
201-C 202-C 3-4 376-3 +--003 + -350 3072-232 202-C
202-C 203-C 5-1 381-4 —-013 +-337 3040-674 203-C

] 203-C 204-C 0-3 381-7 —.008 +-329 3041-123 204-C
203-C 205-C 7-3 3887 +-015 +-352 3187-573 205-C
205-C 206-C 2.1 390-8 +-021 +.373 3196-207 206-C

l 206-C 2070 ... oo 390-8 —.005 +-368 3210-503 207-C
206-C 208-C 81 398-9 —.016 +-357 3205-644 208-C
208-C 200-C 5.7 404-6 +-017 +.374 3319-603 209-C
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RESULTS OF PRECISE LEVELLING.

MAPLE CREEK, SASK. TO COUTTS, ALTA.—Continued.

Distance Distance
BENCH-MARE. between from DiscRrREPANCY. Elev. above BencEe-
successive bench- 2 mesan Magk.
bench- mark sea level. -
marks. 94-C.
From To Partial. Total.

No. No. Miles Miles. Feet. Feet. Feet. No.
209-C 210-C 0-3 404-9 —-008 +-366 3328-061 210-C
209-C 211-C 2.2 406-8 —.028 -+ -346 3359-243 211-C
211-C 212-C 8-3 415-1 -+-015 +-361 3467-163 212-C
212-C 213-C 1-0 416-1 +-014 +-375 3437-846 213-C
213-C 214-C 0-3 416-4 +-002 +-377 3409-719 214-C
214-C 215-C 5-8 422.2 — 006 +-371 3425-941 215-C
215-C 216-C 6-6 428-8 +-017 +--388 3491-042 216-C
216-C t LI 428-8 —-006 +-382 3466-647 1

tB.M. H-12 of the U.S. Coast and Geodetic Survey,

Coutts.

Connections with bench-marks of Irrigation Surveys Branch, Dept. of the Interior:—
At N.W. corner of Dixon Bro’s. store, town of Maple Creek (bench-mark No. 118), Elev. 2507-344

At N.E. corner, tp. 11, rge. 1, W. 4th mer. (iron post), Elev. 2444 -800

On N.W. ¥4 sec. 26, tp. 11, rge. 1, W. 4th mer. (iron post), Elev. 2443.733
On N.W. 4 sec. 31, tp. 11, rge. 2, W. 4th mer. (iron post), Elev. 2500-427
On S.E. ¥ sec. 16, tp. 12, rge. 5, W. 4th mer. (iron post), Elev. 2305-530

At N.E. corner of old court house, Lethbridge, Elev. 2993-430 )
On N.E. 14 sec. 21, tp. 2, rge. 16, W. 4th mer. (iron post on north bank of Milk river), Elev. 3412-420

in international boundary monument No. 354-B, at
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LETHBRIDGE TO CALGARY, ALTA.

RESULTS OF PRECISE LEVELLING.

Distance Distance
BENCH-MARK. between from DiscREPANCY. Elev. above BeNcHE-
successive bench- mean Magk.
bench- mark sea level
marks. 196-C.
From To Partial. Total.
No. No. Miles Miles. Feet. Feet. Feet. N o.
196-C 2984 -862 196-C
196-C 83-D 0-8 0-8 +-011 +-011 2980806 83-D
83-D 82-D 1-0 1-8 +-014 +-025 3001-708 82-D
82-D 81-D 6-3 8-1 +-013 +-038 3058-150 81-D
81-D 80-D 53 13-4 —-037 +-001 3108-756 80-D
80-D 79-D 5-1 18-5 +-016 + 017 3221-527 79-D
79-D 78-D 1-8 20-3 -+ -002 +-019 3203-418 78-D
78-D 76-D 6-4 26-7 —-018 +--001 3152-806 76-D
76-D D | ........ 26-7 —-004 —-003 3157521 77-D
76-D 75-D 5.7 32-4 —-012 —-011 3115-784 75-D
75-D 73-D 3:6 36-0 —-022 —-033 3081-951 73-D
73-D 4D | ........ 36-0 —-005 —-038 3081-244 74-D
73-D 72-D 4-4 40-4 +-013 ~-020 3161-474 72-D
72-D 71-D 4.3 4.7 +-019 —-001 3148-759 71-D
71-D 70-D 8.3 53-0 —-017 —-018 3322.059 70-D
70-D 68-D 5.0 58-0 +-004 —-014 3440-767 68-D
68-D 60-D | ........ 58-0 + 003 —-011 3452-532 89-D
68-D 67-D 5-1 63-1 —-010 —-024 3346-238 67-D
67-D 66-D 4-5 67-6 —-004 —-028 3266-004 66-D
66-D 65-D 4.5 72-1 —-019 —-047 3268-847 65-D
65-D- 64-D 2-3 74-4 —-005 —-052 3301-664 64-D
64-D 63-D 6-7 81.1 —-025 —-077 3355-118 63-D
63-D 62-D 3-0 84-1 -+ -005 —-072 3350-073 62-D
62-D 61-D-2 3:0 87-1 —-015 —.087 3361-071 61-D-2
61-D-2 61-D 5-5 92-6 -+-016 —-071 3391-775 61-D
61-D 60-D 6-2 98-8 —-015 —-086 © 3429.-972 60-D
60-D 59-D 2-8 101-6 —-018 —-104 3487295 59-D
59-D 58-D 2-3 103-9 +-012 —-092 3522-166 58-D
. 58D 57-D 6-1 110-0 +-025 —-067 3601-013 57-D
57-D 56-D 1-1 111-1 +-006 — 061 3540-931 56-D
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RESULTS OF PRECISE LEVELLING.

LETHBRIDGE TO CALGARY, ALTA.—Continued.

Distance Distance
BeNCH-MARE. between from DiscrepPANCY. Elev. above BeNca-
successive bench- mean Magk.
bench- mark sea level
marks. 196-C.
From To Partial. Total.
No. No. Miles. Miles. Feet. Feet. Feet. No.
56-D 55-D 5-0 116-1 +-039 —-022 3429.961 55-D
55-D 54-D 19 118.0 4003 —-019 3413-626 54-D
54-D 53-D 2-1 120-1 +.001 —-018 3435-760 53-D
53-D 52-D 5-4 125-5 +-002 —-016 3419-459 52-D
52-D 51-D 2-0 127-5 —-020 —-036 3428-199 51-D
51-D 50-D 1-1 128.6 —.003 —.039 3443-837 50-D
Connections at Calgary:—

Irrigation Surveys Branch, Dept. of the Interior—Bench-mark (iron post) on left bank of Elbow river, 870

feet up-stream from Twelfth Avenue bridge, Elev. 3423-851

Topographical Surveys Branch, Dept. of the Interior, B.M. H-3, N.E. corner of city hall, Elev. 3430-649.
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TABLE III.
RAIL ELEVATIONS, HALIFAX TO YARMOUTH, N.S. z
(Elevations taken in 1913).
FEET
Intercolomal Railway-—Halif A% S50 cineit s ummenie oo o iojoraiale storsfslomitloll o] slia oo folae 2y CE e Ny P U S 59-9
54T 1 1r 010} 111 (= S SO L. DR | W S UYL D e 20-0
4 Bout W eREOTI U CEION: o e ot o o/ ol a o) bosle o Wiwrnse T oraTs AU AUt ) RN S Sy 28-0
Halifax & Southwestem Riy-—BeBehWille: . ol t . o thie o o5t satert =8 et redene et A R B v U (N 282-9
Ninemile river; water, July 30, 1913, 211-7; rail........................ 227-7
& ¥ L0 o o T R SIS N QR S O 1 s oy e g O L) 244-1
il Stream, mileage 14-1 from Halifax; water, July 30, 1913, 244 7; ra.ll 252.4
14 Stream, mileage 14-3 from Halifax; water, July 30, 1913, 242.7; rail. . 249.9
! “ 1s TSI O it i S TR 287-4
g Stream, mileage 18-2 from Halifax; water, Aug. 5, 1913, 196-3; rail...... 204-5
& EFereh VAlAZe. . . .o oo o i e suve oiniefsesodiore oosralal R gy S ST I RS S 79-1
o Northeast river; water, Aug. 5, 1913, 70-4; rail........................ 84.7
¢ Indian river; rail................ el U ey S B SRRN EE g e 95-4
£ St MAIaret. . .o -« wibe oo wee v oblon b arn LT SR R SRS 57-2
o BOUGIIOT: - . .« 2 - ot w2l abings § o ooty S Sty W) LEE LS 30-8
g Ingram river; water, Aug. 7,1913,21-4; rail......................... 34-4
¥ ENEramMPOTt. .5 csale s e 00 2 ot o e R e Sy ot 33-6
£ Hubbards river; water, Aug. 12,1913,21-3; rail....................... 40-8
S 35 £V o101 7o - TP R C e et o (1= 1 (0 5 YA s s binel ol e e = 68-3
4 East River (station)...............cooiiiiiiieiiiinannn... sk 56-1
8 East river; water, Aug. 16,1913,34-9; rail............................ 4.1
i AT NTRREEET. . . o Lt L il s i - be o B A N L R L 91-3
i MEBEBLEE, . .. Ll creccimna o cmild oraos it omois) o w0 o ot DU NIV = Nl S RS S e 46-1
= Stream, mileage 54-1 from Halifax; water, Aug. 19, 1913, 36-8; rail...... 63-8
L4 Middle river; water, Aug. 19, 1913,24.0; rail.......................... 43-4
e Chestel BAmInL .. .. ... 5ohi. o mists e oaiesafals WelolpERt il s AT 75-8
4 VEREEEN BIOIE. (oo e i 2 o ooy a e o ot o et 0 T o S S 54-2
& IMATEIIRAVOT Lo | v sraine & rovmmione s s 5f ol Jorero s ey A U S S 56-5
& NEBNOTE JUDCEION . & v e 2k vie e o oo oo weeoe e oot o lovarees oo ooma o s e s 84.9
Uy Blockhouse........ 525 e 35 e s e B s B R NS i . | U SN 181-6
& 315 L ¢ PSS L P S o O BIRC 0 8 lh  0 A= o i es o 206-7
&€ BEIAZEWALETY. oot o it bR 7 e oree e Terore o ety S e S S 10-9
£ @onQUETATLL T, 11 b o v s A St oraheTohet s ek b CA A S S SR 206-0
£y Ttaly Cross..........ociitiiiiiiiiiiiieenens PP P s Sl A b g 201-3
€ COUDTEYETINC o 5 2 i B Tos e e ol o b o) St B B oy oo e o L iy SO A 120-0
e Port Medway river, zail......... 000 iivitiiiiniiiii e 19-3
& IVTEAWATE s ol ottt Torina) £ B e Byt o P B kil Teiely SR 24-6
£ BLOOKIVN. = e« 526100 2 B0 s SR G T Tl g P et o 0 ) (S 30-4
< Liverpool (8tation).........iiuiut ittt et 10-4
G HUDTEPOINYL | 558 & i 55 e o s hoebblo L A oS A S ¥ re e e one e R e 73-0
& ROTE IVIOUOM s 215 i o 0o 58« 1 T e g e ST oe foxia oo ol e P Ty e 59-9
<8 Mitchell brook; water, Oct. 2, 1913, 226-3; rail........................ 236-6
& L K R e o) (L I A s 1 e S5 ot 5o 215.3
L Tom Tigney brook, mileage 137-1 from Halifax; water, Oct. 3, 1913,

040 A ey 8 = 0 o Crene o e e o o e i g v vt 105-4

& Tom Tigney brook, mileage 139-5 from Halifax; water, Oct. 3, 1913 ’
BB i lr . iy oensiove s rweyen 2 o ey o  BSS Smaot.. voag ool T < e A 74-3
@ Sable River (station).. ...ttt 15-3
£ TOCKEDOTT wicx s et 1 s G b e LT B cor) e e o e A e P 196
&L Stream, mileage 149-6 from Halifax; water, Oct. 7, 1913, 17-8; rail.... 30-3
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RAIL ELEVATIONS, HALIFAX TO YARMOUTH, N.S.—Continued.

(Elevations taken in 1913).

Halifax & Southwestem Ry —East Jordan.........coeurniniiiiieiiiiiiiiiiiiiiiiiienataiiaiaia,
e S L bin b o nmi o Sl o e S e b S o A

&6 Stream, mileage 158-4 from Halifax; water, Oct. 11, 1913, 44-1; rail......
L DG T TITTIE e o rorerie oMb oo e o ot remac el e el e o by [otemnce) S AT ol o vtals
i R TECHTEOTILS o aper o1 2 oxe o ol en et b ke (af s te o helis e Mmoo, & <2 o ot emo¥ 5 o HO IRy LU e
<& (Bt B/ haa o cs n bl e o ok s BTaAEE 0.6 66500 GHE 0.0 075/0/00 7:0 566 0 BHET0C 50 0
4 PR AT et ety teem0 0 e B 9 A K i .55 5 2100, B 0010,0.0/0 ©103 5 00,00 358.00.0 9 004
< Round Bay brook; water, Oct. 21, 1913, 11-4; rail......................
& I TEETIWOO R oo o ol e it oe e fome] Sl (o e e ) ) 48 o) o ez EsTeh e
£ LR TS s T R A | DU ST NP o I R S 5 -1, CE RSO s Ol
i VT (Bl o 060 Ak b o wio e eln AT AIABE 4 8 8 86 56 b D AR GH0 GBHEEE 51 50a 6.0 B00AE 0 a0 6
& TN AL T L o Lty o o Mol (o B o o o S o SR GEISB R 88 7000 o
< IBArTINE TP eSage NNt r et e AR Se s oh B o 5« oot oft ook o i) <15 Bl et
£« A OOAR 0L o e e A s e e Al S
i R BB e e e B i S s I e I B N Oy Torr {0 G
& AT Tl B g o uhh s o o I S B e S N ) e R e A B e

(Elevations taken in 1914).

3 U pDEE WOOdR FE AT O f st (s o s o oo o« verie smeme oy boe astisto) Slakesses Siasetn
£€ Lower East Pubnico... . ....coveenrvrennetnraanreransesrssenronananes
£6 )Rt CIIOT it oy s st s e e Srellel o= apite) & shoilr slefs S S - B
i T B T e o e el T e o S S B P
£ 0 YT e et s ) S e e i < LR R B R St S e S Do e S
b 1B T 0y e i e ke e SR T EHR AN B BIRA Tl S0 P 3 (A P T
£t Central SAry e s T W iy S W e T L St e
58 ATyl NS B R e ity o Ao A (o bt e et Ko e e ) ST ST rel gtk &
< Bellevilloimr Ee LS iRy gb . e I8 o biee Tl i ol i W
L R e . I i s e Pt v s BT QA s hrhd s Gy e
« RSO B e st S T e R B SRS o S BT e A e S A A o Bl e o
£ AT B R e R 2 N0 il rore o erete) tofer= ol opole) s
“ T UL St 1 5 oyt et e e e e e (o s o et S

RAIL ELEVATIONS, DEPOT HARBOUR TO RENFREW, ONTARIO.

(Elevations taken in 1914).

Lake Huron; water, AUR. 25, LOL4 .o ot ciie o o oiomalos aiere s slatene s olazate & e 5ih) 51 ftatsas s
Grand Trunk Railway—Rose Point.. .. ...ttt ittt e
Boyne nver, 1-4 miles east of Rose Point; water, Aug. 22, 1914, 617-3; rail.....
€ Boyne river, 1-6 miles east of Rose Point; water, Aug. 22, 1914, 625-8; rail.....
£ Boyne river, 2-5 miles east of Rose Point; water, Aug. 22, 1914, 628-8; rail.....
& T es By N Co O Bl o 4 (e o it e o F e fousters 0ok o0 B 5 (a5t 315 Ifond & ote o8 & srermie o
o (@ o DE o (e T B e R b e P SR RN s ey S o
“ 32T e et o A g B e R ST ey SR = = Sl 8 g e e ey sty SEC Sl
£ Maple Lake (S8EaI0N) cieee oo i i ettt e i i e e e
< Edgmgton ...............................................................
) Seguin river, 0-5 mile west of Seguin Falls; water, Aug. 7, 1914, 936-2; rail
£ Seonineitallcsmnon: o S s ek R e o e S T e TR
& Seguin river, 18 miles east of Seguin Falls; water, Aug. 7, 1914, 969-5; rail.....
< Seguin river, 2 miles east of Seguin Falls; water, Aug. 7, 1914, 969-5; rail.......
5€ BeariIake ((BUATION ) m ail sl b it et s 1 P s e fes 2 e g sl s i SR ot o R
< Whitehinll e gt st S M Lol B0 Yoo il sl et ot e mpel e e R Al g fn et X
& Sprucetalizes = aed sl o iss Aedh s 5 Bk bl n BR ool Bar S5 e Ty 81O et 2o
[ o

FEET

15-3
16-0
55-1
71-4
11-3
10-6
37-4
22.2
25-2
25-9
21-7
10-9
10-3
21-1
57-8
38-0

SREREER
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RAIL ELEVATIONS, DEPOT HARBOUR TO RENFREW, ONTARIO—Coniinued.

(Elevations taken in 1914).

FEET
Grand Trunk Rallway— R earney /. it Sl 0l /e 5 e telelfeieie ol atel o ofe s (slmnstol o tmbal=l = i gete SRS URERE  Ere N Loo. 1109-8
Tonawanda creek; water, July 10, 1914, 1261-4; rail............. 2p Pl veee. 1202.9
£ Ravensworth.. . ... .. iuonoilon aaine oo siomorsmssnjazmnie ok S T 1411-.7
& Rainy Liake (BHation).. . o res ch i oo bika o & ookl IR RBEISINSIN ARG R TAN S 1452-2
b Stream, 3-5 miles west of Brulé Lake; water, July 2, 1914, 1517-3; rail.......... 1546-6
S¢ Summit, 2 miles west of Brulé Lake..........oooinviiinniioiiinianann.. 1605-0
£ Brolé TaRBIEEAtIoN) i o sves = aebis vms vrosle pit el L s ClERR R g T (S cee.. 1470-7
£ Canoe Lake (station).............cooverineenaennnann A il i L 1392-1
£ Joe Lake (station)..................... piels o s wikar e P U PR L 2 vess. 1395-6
£ Joe lake; water, June 25, 1914, ... .. ... ... .o.ccen bl e 1381-4

& Madawaska river, 2 miles west of Algonquin Park; water, June 24, 1914, 1461-4;
.- 1) PR R S S L e e o Bt Ll b e L s 1478-7
£ Algonquin PATK:.. . ... -« ihec comedooe e niispamedioiaite MG SNSRI rr i ES R 1418-9

L Madawaska river, 1 mile east of Algonquin Park; water, June 23, 1914, 1406 i;

b1 PO (VR IR 1 I S (O =N el e LEML TR b s 1416-8

H Madawaska river, 1-7 miles east of Algonquin Park; water, June 23, 1914, 1334-8;
;41 R A S I e e L e e e e L e 1386-0

i Madawaska river, 4-2 miles east of Algonquin Park; water, June 23, 1914, 1293-9;
T e el b A L R G A g ve... 1309-5
o Rock La.ke (BEREIONY Sk - meronsi edare et o ol oo UL RS el iall L I Mgl 1292-1
£ Rl o et I e 2 P o (e s ..., 1268-7
« ;T 7 o v IR (N S e e ) 9 Ll OB o i 12 T 10936
ok NEndawsalin: .o e e S 1, ok aCenet e Tact AT DI Sal T 10385-0
# Opeongo Forks........ D Ly L b e N e S S S 1125-9
$ AYlenTake {SFAtION) . S . o e o veisvinie o slbnhiniorots fane Ml ndaicih At it ss BUMCS oy PEU 1157-2

(Elevations taken in 1913)
5 BATTYE BAY ... . e e e e SIS - e e e e e A vee.. 9834
& WU o Sl e e 8 B L i & 4 s e e S S PR S S B e 955-2
i Brennan brook, immediately west of Killaloe; water, Sept. 16, 1913, 585-6; rail..  596-1
<t 1 GTLIY T, e et R PRSI e SO et B R SR, el 593-8
£« Golden lake; water, Sept. 19, 1913........coitiiiiiiiinieiniinnrenuocinaons 553-0
< Grolden Tinldte TBEREION) . - ..o n e o iotvms olbioraTs: oioio2s]5) se ratad i lmte ek ore e i 6 ot (e e Ry Reare 589-3
gt Hurd brook, 0-5 mile west of Eganville; water, Sept. 2, 1913, 549-7; rail........ 579-5
£ D e i el e (8 ol S W el S A ST P 18 SIS o /4,6 o 25 03 4 569-6
L (G R T yie) ST (N S W P S st - e BT .. 494.7
€ IIGUIIRSE it s o bis Rae misin s & el oo bd A G LA SN SRR ) e T R R 436-7
£ AGTRASEO . L 1. | oo e o h ot doin i ee i e s T o oot 5 21 e 0 e et RS 412.2
2 Canadian Pacific railway, Kingston-Renfrew line, (diamond crossing)............ 402-6
i RERTTOW o1y s Sist) 1 s 55 50 BT el s ehovrelda hese oo (ko predeafa e oo A (VS 420-9
Canadian Pacific Railway—Renfrew.. ... ittt ittt iinrairteissaressssannnes 416-0
RAIL ELEVATIONS, WINNIPEG, MANITOBA, TO KENORA, ONTARIO.
(Elevations taken in 1913).

FEET
Canadian Pa.clﬁc RALET—WENADORE « 5 « .« c/o 1 e/ ffose 1 5te ore aloe olofe s o/t fomuis o ototalere s mfetels e s fofarei o & [g2HSHsts o Rpmtoms blge 766-5
NOEGR TEADBCON Rt = rovorer o1+ Rielts s fe 2t eyt 2| B w5 P S (1700 £ Pt 5 (e o fat el 769-1
24 Canadian Northern railway (diamond crossing)............................ 772-7
& OREBEAK vt s oot i o e retdie h A BT s it L n e Vst o e S e et 811.7
# Cook creek, 2-3 miles west of Hazelridge; water, June 12, 1913, 787-3; rail... 795-3
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RAIL ELEVATIONS, WINNIPEG, MANITOBA, TO KENORA, ONTARIO—Continue

.

(Elevations taken in 1913).

FEET
Canadian Pacxﬁc Railway—Cook creek, 1-6 miles west of Hazelridge; water, June 12, 1913, 782.2; rail..  793.2
Hercimdgel B S08 8 | e AT B AR L s A o e e o 796-0
T L Mo o o e e e 837-0
e e LISt oI R U6, el SO N T 825-0
I O EO RIS P MO e ADoK BRI e ke foef oot 8834
L e e o BYRerl re B  Lokerenty aomie (ebRar of o ks el o 932-1
Shelloy Sl i =l oo =y C Mg nimien o crpm o e et ES o 929.6
WVEEmomt B, A s e 5 (e et 911-2
Whitemouth river; water, June 20, 1913, 879-6; rail....................... 904-9
B 2T 7 1 T ey S S ), 3 4 SRR O M fory s PR e sk ARt 8 8 ARG L S8 A 959-7
Grand Trunk Pacific railway (overhead crossing) rail 1062-7; C.P.R. rail 1035-5
e e P - el T s LG 1058-2
5 8 B e r el S Lharior (1 Pk v St Bt b Bl B o LA SO R S 1112-6
Interprovincial boundary, Manitoba-Ontario........................ ... 1164-3
1y e e A R AT e T o S S MR e b s (g Lo 1190-8
TOWEROT A e dis o i oo o o Saien e adelipbersrrt e rorg IR A L St ok s 1219-5
Busteadieldcn: o b mb Man Be s 4o e = Dl DS ot 1ok S R e s 1187-0
Lake of the Woods; water, July 16, 1913.................... ... ciiia... 1060-8
c Sy UL SR 0 e TR BT L AT e 1 10 7 SR B e T S e 1 10857

Winnipeg river, 1-2 miles west of Kenora; water, July 16, 1913, 1060-1; rail.. 1088-2
Winnipeg river, 0-7 mile west of Kenora; water, July 16, 1913, 1060-8; rail.. 1089-4
3003 a1s) 2 2 e S LT e AU R s e e s A crs s e et 1091-0

RAIL ELEVATIONS, SASKATOON, SASKATCHEWAN, TO WAINWRIGHT, ALBERTA.

(Elevations taken in 1914).

FEET
GrandTrunkPamﬁc Ry.—Canadian Northern railway, Regina-Prince Albert line (diamond crossing)..... 1652-9
South Saskatchewan river; water, May 14, 1914, 1553; rail.................. 1624-7
“ Canadian Northern railway, Saskatoon-Calgary line (diamond crossing)....... 1654 -4
(i USROG s SNERAI SN S b Pt SO G A S T =B 11 1658-4
i GrandoTall 5o - [0 A 0bie A cors L A o Lo et SEoregs i e roweset ol s e o 1660-3
¥ S e R O e S O P SO s 1645-1
& 76T VL 1 e e i e ] e b e P e g o 0 e e Pl A & R e S 4 1710-8
s UV e ool Jetios o 15 il e S s B e R L el B e 1791-1
< Eaglehill creek; water, May 27, 1914, 1734-9; rail.......................,. 1758-3
< LD 1 olo/d oo calibas ol To dAB B 0 b e T Dt de SNl o P P e T R 1754-9
“ TEES TRy e R el SIS L St S 1823.4
& IMeadis {2v SRS ey M <l e s s Nt ile F Rl il s e AR R 1986-6
L N EOL a4 i e T At s i s BT, £ e U e S 2044-3
£ TERr vt gt o ST Ui AR S i e o St g et DTN A S T Y 2154-0
G} OB EDT S = AR S I e B e T S e S et A 21250
L PRJOTRE . Diseert . Sl i | e I o b et 0 v s 0 e o L TR 2107-4
! TEandE S e S St n Lt M (8 2 Sfen s and o 0o = S 3 'Sl B s o | iy 21335
“ L R o T e e L e ey 2225-1
& IRerarae e S S S I o ks S A g O b L ek e ) 0[O 2144-3
< Canadian Pacific railway (diamond crossing)...............o.coveierennnan. 21432
i SCOt e Ml s Selarde (e ool B G s b A0 KO0 00 A0 o) =" S Dol i —lie g 2163-6
e AIaKo s wdlirbe mlal e 0 e U A M = R i i, B B i e 2106-0
5 I niby S o 8 O O IS s oy s e e g e T A R B e et 2092-9
[13
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T

RAIL ELEVATIONS, SASKATOON, SASKATCHEWAN, TO WAINWRIGHT,

% ALBERTA.—Continued.
(Elevations taken 1 1914).
FEET

Grand Trunk PACIBC Ry VOPR. 510t s o iisie e oraa o/ lalotystataiaisiola e sfsio sls oo 8 mlekaioiodath s Nl e Lo AR ... 1930-2
VONKEIE . oro oc et mrersoie e b ara o fataTa, oo iori i fofe o]/ 4o (Eloms gEpabetet UTHBN L E NV R ve.e.. 1981.9

L ZEhYO P . e P e e e A e e ol ot L o S LR 2055-7
L APURBE . . L wae  Sle s bme o e el Mraie oranobalh SRS | s TR 2008-0
6 Interprovincial boundary, Saskatchewan-Alberta........................... 1997-0
£ EITTE 8 o AR~ EE S e S S ] e L JALgpun S L S| il 2017-8
& CRAMVID .0 . s 5 hassis oo wimie s o s om0 5 et RlelulsR SRR S Nl et SRS 2059-8
i BADBUOIIE. | . . . oo vele ol siiomn o oo on o oabeiiasle s i RS i e AP o 2032-5
g Rlbs’oone creek; water, July 30, 1914, 2006-6; rail.......................... 2028-6
BB gt TR L, | L S e elee s 5 ae e i e e R LN O S S S 2107 -2
“ Edgerton.. .................................................... s 2119.1
<t 5 T S e PRI S e s e S 2172-5
o] Croenslelds. . .o b iafie s sojer e ol g o SRTREE Ut e s 1 A 2255-3
& WHIRWEIRRL: o it Lo o oo v d e cns i s asta piaaiersi ool SRR s R T e 2222-1

RAIL ELEVATIONS, MAPLE CREEK, SASKATCHEWAN, TO MEDICINE HAT, ALBERTA.

(Elevations taken in 1914).

FEET
Canadian Paclﬁc Railway-—Maple Croeki.. . . o v oo lonnen oo o nin b2l g il B D N e e N 2507-0
1 STyt O R OPPSURRAE AR B MPEMB N Qe 1) 58 55115 o e s s R 2550-1
i i FA Ty L e R e I e S A A R R P S S L 2477-3
4 (D101 11 r Tk T B R S oty et g re s 5 Ik TS W AR 2400-2
s R St e 20 = fi S b TN 2443-5
& Mackay creek; water, May 7, 1914, 2428-8; rail.............c0viviinnenn. 2442-6
i Tevites s o oot R R e S e e R 2504-7
£ Ross creek; water, May 14, 1914, 2450-0; rail........ e L R 24672
£ BRsBlayy. dnis L DR s N e 5 el et i Bt I AR T A 2415-8
£ IDUREIGTE L o Ll s et T ey B S e SRR 2411-0
if Bullshead creek; water, May 21, 1914, 2285-0; rail................covannn, 2319-6
& 1 0 TR § L R R TR W o e S e 8 Rl S S s i O 21812
RAIL ELEVATIONS, DUNMORE TO COUTTS, ALBERTA.
(Elevations taken in 1914).
E FEET
Canadian Pa(uﬁc Railway—Dunmore...........coovviievennnn. DA B oo b 5.0 0o 0 40 4026 BBy 2411-0
B/t G R o o S S e E M G SR 28 Soah o G H/d s yan 6 o8l 6 55 2397-5
S {53111 B E117: R S R R P B PR oS i A 2411-8
i Sevenpersons river; water, June 3, 1914, 2437-5; rail...................... 2462-2
4 SeVENDEFEOTE. .1..f & iele carmtiny b mmimsioce B o o o o oo o s et e L RS 2480-0
“ ol FoY e i1 TR R S R I T TR R o e =il et 0, 9 00 5 A G oo 2591-4
< g T Il I M e P LUl VR 5 D ko 0. o o & 2747-8
% Winnifred............ YRR U e BB R e s RaE, s i 2725-7
U 1518 A% 1 S ¥ R et PO e e SO T S S0 OO A Ol o . 80 0 0 o 2621-4
¢ 133 o1 S R ) ot YR LA S Gl b s '3 0K G T ey A .0 2576-9
& GEABEYE DB = ot s Alare /5% foper 51 35 o o e AT s € L P o S g weiila S R Y 2652-9
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RAIL ELEVATIONS, DUNMORE TO COUTTS, ALBERTA.—Continued.

(Elevations taken in 1914).
FEET
Canadian Pa.cxﬁc e = B oI e O P T B o O 1B o0 e S| S R UL S e el RS N R 2671-0
BT 5 T e Tl et o ok, e o, Sttt it s A s Sy by ik b 2734-2
£ CI RTINS R ==y sty et i o1 8 o 28 oo p BA G 60 SN o A o i h e A 2784-9
b G Loy e s P S S SIS o 3 rpu S SNSPRE = 2828-1
3 MontanarJunclions— v s RS0 el T e e L S Ry s el 3013-5
58 T T A 0o e e el < ook 5o e A AR T e o oo B S ekt e e oo e or e o (ool ket ot 2983-3
4 N TR N o eror s Tl P o o S (I e £ L o St e oy B e 3045-1
2 e T o i o B P ol e Sl o I B i b 5, e E S O B P e e A e i et 3041-6
£ L T i &\ T | IS . & T P S e 3126-4
& NewIDSyEOITS e S B RiL= 8  lie rov, 8N o e & o X ot o8 e 3184.7
< s 1 e B o L B 0 LS N 3313-2
& I T30 R e B C e e i o Ml oy ot T ol (YRS | P 3424-2
£ Milk river; water, Aug 27 TOLA.L 0. o b i i an o fie e e ois apsacerd mcainan 3404-5
S COUIIRL 5 o1z oo i oerence oo WU U K st o) el oy, B L i 3468-1
RAIL ELEVATIONS, LETHBRIDGE TO CALGARY, ALBERTA.
(Elevations taken in 1914),
FEET
Canadian Pa.cxﬁc Railway=—=TethBrIGHE. . - .l oo oo Bl e e it oo oa o roe bads e e e e o e e e e i 2083-3
T R e R R e o I I s e 3056-9
A S e e e e e 1 T A e e - S A s 3059-5
£ Nobleford ............................................................. 3225-7
e 15 T o Ae S S RS o s eir. 2=y LB i S P R T A e LAY L 3152-8
4 i e R o b e T BT 3082-2
&) Little Bow river; water, July 22, 1914, 2932-0; rail....................... 3071-1
“ ChampionE el S ary o wfe Mool Al i e ma Tl S vt rrn ... 3152-0
4 U e e e e e R e e 3324-5
g VL AL O e o ok 2 S e 1 1o 0 i o 1ol o ot et oo ohe ol S R 3442-0
£ T i o oo P S R = N et ke e e S T P 3261-6
55 STV e ol o | e LR R e O e T I 3269-1
“ B R E T e e o i) o 8 P gt T e o8 o b o oo oo o o e e i A b i M 3360-8
“ G T e L s e U o e S e A P 3360-3
s Highwood river; water, June 16, 1914 BIOA T rallle S R e S A 3391-9
¢4 RS SO 0 0 e 00,00 000 6 510 Lo o B 4 ot R LNt e Sl AL s ot 3415-8
< Sheep creek; water, June 13, 1914, 3416-2; rail.. .. ...........ccoviineann. 3435-7
= e A el S e OB R e o VR 3447-8
o S BT oA do oo B o ooy B s i B I s, B 3530-1
£ 18T\ TATT070 180 crolf O ol et o e e oy A LTt o4 s 3631-6
£ BRI o e T TR L o e B el o O T S | e 3495-9
£ N OB R S A A e et Tt !l Lot SN, 3432-8
«“ Fish creek; water, May 26, 1914, 3395-1; rail...............c.ooiiinnn., 3418-3
£ urnenst e ot s ane ot DSl e R . o e e 3443-7
i Canadian Northern railway (overhead crossing) rail 3447-9; C.P.R. rail 3420-8
< Elbow river; water, May 22, 1914, 3406-2; rail..................covvnn... 3425-0
£«
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INDEX.

ALPHABETICAL LIST OF CITIES, TOWNS AND VILLAGES AT OR NEAR WHICH BENCH-MARKS
HAVE BEEN ESTABLISHED.

Note.—Under “Year of Publication,”

1910 refers to Appendix No. 5 to the Chief Astronomer’s Report for 1910.

1913* refers to Vol. I, No. 2, on Precise Levelling.
1913 refers to Vol. I, No. 3, on Precise Levelling.
1914 refers to Vol. I, No. 8, on Precise Levelling.
1915 refers to the present publication.

Year of
Place. B.M. Number. Publication. | Description. | Elevation.
Page. Page.
A,
ADOFCOIN, QIUC... oo svia o s alens sis sestoss s 5 54 1910 454 464
Adamesville, Que..............cooenennnn. 59 1910 452 463
Ailsa Craig, Ont..........c.coiniinannnn. 343 1914 220 236
Alameda, Sask.............ooiviiiiinnn. 57-C 1913 69 83
T L LT S S 472 1914 218 234
Allenford, Ont.......... ..cocivetiinenens 292 1913 60 83
Ao CONT L | L Ll o e it o e 382, 383 1913 64 86
Anover, NIBL L L e (R R e e o 40-B 1910 448 461
Antigonish, NS.......................... 172-B, 173-B 1913 47 74
Apohaqui, NB........................... 115-B 1913 44 73
ApDin, Ont.. .o evineeeiaeeeas 240 1913 56 81
ApplesHill; Ont... . ..., ol dlaioe sy on s 100 1910 457 466
AT e NS L n . Bt T8 B hal = ook o 1 457-B 1915 13 30
Aroostook Jet, NB...................... 41-B 1910 448 461
Artland, Sask......... v 28-H 1915 20 34
Asquith, Sask..............ooiiiiii.. 5-H 1915 19 34
Atwood; Ont:. c.ovovnnnoeio, cun. . N0 s 309 1913 61 83
Avondale, NS...................ooieee 167-B 1913 47 74
Avonmore, Ont......................c.... 103 1910 457 466
Ayers CLff, Que.............ooveenvnnn... 28-A-2, 29 1913 48 75
Aylesbury, Sask............... ...l 14-D 1913 72 90
Agilda, Onb. . .o iieeeiion e sk T Y 457 1914 225 238
B.

Balag OIE:r oo Sam e o el ks e - okel = =51 408 1913 66 86
Barons, Alta.......................... ... 76-D, 77-D 1915 25 38
Barrington, NoS.....oovvviiniineeeni. 444-B 1915 12 29
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ALPHABETICAL LIST OF CITIES, TOWNS AND VILLAGES AT OR NEAR WHICH BENCH-MARKS
HAVE BEEN ESTABLISHED.—Continued.

1

Year of
Place. B.M. Number. Publication. | Description. | Elevation.

Page. Page,
Barrington Passage, N.S............cocuvns 446-B 1915 12 29
Barrys Bay, Ont... ... .. 3. veeoesioniae. 523 1915 16 32
L2 AN s e I e e P o B 35-B 1910 448 461
Bavheld NS e e Frm i da o Sodisd e & 177-B 1913 48 75
Beamsville, Ont....... RSV S VLS 204 1913 63 ' 85
Beaudette, Minn..............cco0eviine, 16-E 1914 226 239
Bedford, Que. ............ i Dy e A 66 1910 453 464
DB i oA Gy et allos e o R, Sl a eSO S 379 1913 64 86
Belbrave Ont: =8 a0l vl e e 316 1913 61 83
Belle River, Ont.............. 5 S0 o Bl 252 1913 57 81
BellevlleNeBe LR o S s ol LG skl 459-B 1915 13 30
Belleville Ont... .0 .00 St e 156, 157 1910 459 467
U T S SR S 32-R 1913* 23 23
Benton, N.B......... S o TN o A 18-B 1910 447 460
Bathune, Manke: U0 U S F T 9-D 1913 71 90
IByentaite aalel = 180T b, it ST 61-C 1913 69 88
Biggar Bagk.". . oo s gt s T At 12-H 1915 20 34
BT ORTE AT the s MR Il S e B i L 63-D 1915 26 38
Bladworth, Sask...............ccoiiiinnn. 19-D 1914 227 240
BloomBeld S NEB S8 o o NN 111-B 1913 44 73
Bluevaled Omb 500, v s o T SV, s, 313 1913 61 83
LEIL A e S b= ot LR € 2 T TS 317 1913 61 £3
L2361 ot e e SRS M SRR S 106-C 1914 229 -
Boissevain, Man...........ccovviiiineinnn, 31-C, 32-C 1913 67 87
BollonNOml e s T e 260 1913 58 82, 86
Botltwel Ot Lo s s s ekl 243 1913 57 81
Boundary Creek, N.B..................... 128-B 1913 45 73
Bow Island, Alta................... e o 178-C, 179-C 1915 23 35
Bowmanville, Ont...............ccoounnn. 177 1913 54 79
1322 i o A S SR ) 57 1913* 27 27
3T T, U L P U S = AR P A L 65-D 1915 26 38
BEARUEORA . IODba. . o oo e 5 oo o irsioms o o sitee 219, 220 1913 55 80
Bridgeburg, Ont..........ccociiiiennnn. 215-A 1913 64 85

Bridgewater, N.S..............ccooiiunnt. 409-B, 410-B,
411-B 1915 10 28
Brierly Brook, N.S.......... TN, e 170-B 1913 47 74
Brigham Jet., Que.............ccoovven... 60 1910 452 463
Brighton, Ont..... T S e 163 1910 460 467
Brastol,:NUB: <rii. o2 o iiieaie srome oo sloial s o1 iohs s o)a iors 34-B 1910 448 461
Brockville, Ont..............cccoviieeiinnn 123 1910 458 466
Brome; Que.... . .0 ia. i i eraib o araim e = a i e e 50 1910 454 464
Brucefield, Ont...............coeveienen.. 329 1913 62 84
Brunswick Jet., NB................c..... 6-B 1910 446 460
Brussels; Onbl. ... il e el o eteielolose & bl ohat e e 312 1913 61 83
Burdett, Alta............c...coeieian.. 180-C, 181-C 1915 23 35, 36
Burlington Jet., Ont...................... 196 1913 55 80
BTy OB o e e g s |2 e i 3 13-A-2 1913 49 75
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e —

ALPHABETICAL LIST OF CITIES, TOWNS AND VILLAGES AT OR NEAR WHICH BENCH-MARKS
HAVE BEEN ESTABLISHED—Continued.

Year of
Place. . B.M. Number. Publication. | Description. | Elevation.
Page. Page.
C.

Calais, Maine....... e e AR R 1-B 1910 446 460
Caldwell Onb. . couiviin. e sl o oo 512 1915 16 32
Calgary, Alta...... O N o 50-D, 51-D, 52-D 1915 27 39
L R G r R S S e e 265 1913 58 82
Canterbury, NB................... see NS 16-B 1910 447 460
Capelbon, Qub......oo.iveeearamssevioenns 26 1913 48 75
B i e e s 18-R 1913* 24 24
Carievale, 8ask.............oooviveiinnn, 49-C 1913 68 88
Carmangay, AKa...........cooveineneeen. 73-D, 74-D 1915 25 38
Camdal, Banlc . v oo i 50-C 1913 68 88
Caron, Sask.,............. s R o s A 108-C 1914 229 241
Cartwright, MaD. .. .........covnennnnn... 20-C 1913 67 87
Cascades, Que................. T by e 467 1914 218 234
Chamberlain, Sasgk............cccovveinnn. 12-D 1913 72 90
Champion, Alta.............oocvvivninnn, 71-D 1915 26 38
Chaplin/ S8k . . .y covivereniorsnnonsin 113-C 1914 229 241
Chatham, Ont... .. et e e B 246-A, 247, 247-A 1913 57 81
£ o L e O o e e e 373 1914 222 236
Chatsworth, Ont..............civeiennn. 283 1913 59 82
hsawan  ALa. .- oo el s e 34 30-H 1915 21 34
e A 6T R o 464 1914 218 234
Clhealey, Onbe. . Lo e S e S 295, 296 1913 60 83
Chester, LB LS00 L Je s et suiacelirs 401-B 1915 10 28
Chesterville, Ont...................c00e 107 1910 457 466
RT3 oo bt o s o e T e ol < o oot 191-C 1915 23 36
Chipman, NB.................coinie 352-B 1914 216 233
Clarkson, Ont......... e i VA B, sre b 192 1913 55 80
O T F L T S Ot RS M (0o k0 G 320, 321 1913 62 83
Coaticook, QUe......vuuneirieiereeennnnns 14, 15, 16 1910 455 465
Coblens; Sagk. . -1 :cmaeiccn il on il ek 17-H 1915 20 34
Cobourg, Ont........ooouuuruniiaaaaannns 171 1013 53 79
Colborne, Onte.....ooovereniniieaannnnn. 166 1910 460 167
Coldwater, Ont..............coiviiieennnn 399-A 1913 65 86
Collins Bay, Ont.........ccoovinviinnnnn. 144 1910 459 467
Compton; QUE::. .+ 5 « i sl s s sioivede o exitate oiots 10 1910 455 465
Condie; Bask s St s fore skt o/ pmrertte slere 5D 1913 71 90
Clonn Ml NS D R omie s et et 139-B 1913 46 74
Cookshire, Que...............oovviniennn. 10-A-3, 11-A 1913 49 76
Copetown, Ont..........coiieinienininnn, 216-A 1913 55 80
Corbetton, ONb.... . L. oo samee ot oo 273 1913 59 82
Cornwall, Onts. ..o oo covveivoineeiienmonas 489, 490, 491 1914 219 235
(07411117 B 0,11 - S R 361 1914 221 236
Coteau Jet., Que........... P e ) 20 1910 456 466
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ALPHABETICAL LIST OF CITIES, TOWNS AND VILLAGES AT OR NEAR WHICH BENCH-MARKS
HAVE BEEN ESTABLISHED.—Continued.

Year of
Place. B.M. Number. Publication. | Description. | Elevation

Page. Page.
Courtright, Ont............couvnvnnnnnnn. 363 1014 222 236
BGHEIEE AT G 8 SR T S A Ry L U 216-C t 1915 25 37
Craighurat, Omt.. ... c.o00 v iisesoesivns 392 1913 65 86
(S0 e TV N R S I S PR 16-D 1913 72 90
(Gl LD e PR S T « s e BRI NS 496 1914 220 235
Crystal City, Man.............covvieeennn 16-C 1913 67 87

D.
Dalhousie Mills, Ont...................... 95 1910 456 466
Dauntless, Alta...........cocvvvvviinnn.. 171-C 1915 22 35
Davidson, Sask.........conveenencienann. 18-D 1914 227 240
LD e et Gl S s e 223, 224 1913* 34 34
Debee Jet.,, N.B..... (et L Mt = ST VRNl 20-B 1910 447 460
Deloraine, - Man. . Siol L o s vae e .l 36-C 1913 68 88
10 T R0 1T ot e R R S 338 1913 62 84
WenmaR NSRS SR el 149-B 1913 46 74
Depot Harbour, Ont...................... 566, 567 1915 13 31
IR e AN T R A 27-E 1914 226 239
JE T s o S e R RS SRR 8D © 1913 71 20
BohDIEaYR ONbL. s e o ooah o gesiisninslon s 204 1913 60 83
resAen Nt = - 5l o L sl e 370 1914 222 236
Drinkwater, Sask.........c.coniieiiieiann. 91-C 1913 = 70 89
Drummondville Jet., Que.................. 51 1910 454 464
ek TRke I BasK: - . il s ors s e il %o ama slarerale 42-D 1914 228 240
16+770 12561 /¢ S Sl Y (et 274 1913 59 82
103177 E 0 Ty S OB TS e P I P 215 1913 55 80
Dimdurn, Sask.. . oin i s e 25-D 1914 227 240
Dunmore, Alta..........oooevennneeeennn. 165-C 1915 22 35
E.

BB e | 2150 e mois i@l wTumars) o« [sraal s 398 1913 65 86
Eastman Jet., Que..........oovovvcennnan. 44 1910 452 463
East Pubnico, N.S...............oooinue 453-B 1915 13 29
Eastwood, Ont...............ccoviunnaa.. 225 1913 b5 80
Edgerton; Al el os cvevohior os saionaaiosns 33-H 1915 21 34
Edmundston, NB...........coovvnnnnn.. 58-B, 59-B, 60-B 1910 449 461
Eganville, Ont. . .....oooveeeeennnnnnnnnn. 514 1915 16 32
Elmwood, Ont.....................oeune 297 1913 60 83
Elva, Man..........ccovviiiinnennnnnnnns 4-C 1913 68 88
Embrn, Onte o S N 4908 1914 220 235
Emerson, Man................coevvennn. 3C 1913 66 87

t+Also B. M. in International Mnisry Monument.
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ALPHABETICAL LIST OF CITIES, TOWNS AND VILLAGES AT OR NEAR WHICH BENCH-MARKS
HAVE BEEN ESTABLISHED.—Continued.

Year of

Place. B.M. Number. Publication. | Description. |Elevation.
Page. Page.
T R M SPWCE.. N 23-E, 4-E 1014 226 239
b DT PN T R R 66-D 1915 26 38
Emestown, Ont..............cccevvenenn. 146 1910 459 467
L e o T S A e 115-C 1914 229 241
Estevan, Sask............0ciivienenannn 62-C, 63-C 1913 69 88
Eureka, Y.T............. | oo o S vl 9 187 1913* 33 33
Exeter,Ont........cocvvvvennen... ol 332, 333 1913 62 84

F.
ARl e AN et T D e e 96-B 1910 451 462
Farnham, Que.............cco0nvvrnvnen... 62 1910 452 464
e RN R oo e s 63, 64 1910 453 464
T L oL T 105 1910 457 466
2 el | N OO R e R | 495 1914 219 235
Findlater, Sask... .........civiiiiin i 11-D 1913 72 90
Flesherton, Ont............... e s o2 i 277 1913 59 82
S A0 8 AR R RS e I M- 351 1914 221 236
FartioBiMe SOnb. 0ol . i b e s ol 215-A 1913 64 85
Fort Frances, Ont............cco0vunnn... 29-E, 30-E 1914 226 239
Foster, Que,............. R AT R 47 1910 452 463
French Village, N.8....................... 393-B 1915 9 28
FrobileryRBaik. << Vb L | IRRE S 58-C 1913 69 88
Fulford, Que............ o Sl Ko, SIS 56 1910 452 463
G.

Gainsborough, Sask....................... 47-C 1913 68 88
(€ Py (02 LT | o B G I o At 2 s 17-D 1913 72 90
(B EF T O L e R o AL e R BT 266 1913* 36 36
Glencoe, Onteev.coovveeiininnnaiinnnnnn.. 241, 241-A 1913 56 81
Glen Ewen, Sask......................... 52-C 1913 68 88

Goderich,Ont........................ e 325, 326, 327 1913 62 83, 84
Goodlands, Man.................covinnn. 38-C 1913 68 88
Gracefield, Que................ccoevvennn. 484 1914 219 234
Graceton, Minn................coveunn... 14-E 1914 226 239
(877737 D) 1| e SR e R 3 i st e e 168 1913 53 79
Grand Coulée, Sask....................... 101-C 1913 71 89
Grand Falls, NB......................... 46-B 1910 448 461
Geand: Eigne, QUe: . . sy s myom - - ssEn st 78 1910 456 463
Grandora; Sask oo ke vt ke R LR S e 3-H 1915 19 34
Grassy Lake, Alta................coouunn. 182-C, 183-C 1915 23 36
Green River, NB................ e 54-B 1910 449 461
Green Valley, Ont........................ 97 1910 456 466
Gretna, Man................co0veiineeenn. 4-C 1913 66 87
GIMBYY, QI 21« s oSS vy o e 203 1913 63 85
GUITAkKe,; SaBKs - 10 1+ o hiomr o s sssss s s 136-C 1914 230 241
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ALPHABETICAL LIST OF CITIES, TOWNS AND VILLAGES AT OR NEAR WHICH BENCH-MARKS
HAVE BEEN ESTABLISHED.—Continued.

Year of
Place. B.M. Number. Publication. | Description. | Elevation.
Page. Page.
H.
iagae el oo Kol il L St 38-D 1914 228 240
Ly S R e S S ) Ay AR 73-C .1913 69 89
gilieas IS xS T s ) 386-B, 387-B 1915 9 28
IEERllafke "Manh ;o0 o e s 2-C 1913 66 87
Hamlton; Ont: . L 20 Dl R R ai s - 198, 199, 200 1913 63 85
Hampton, NB...........,.... o 0 AT Ss 109-B 1913 &4 73
Hanley, Sask..................... Y oonr 23-D 1914 227 240
Haneyer, Ont. .. 0.0l A s Gt 298, 299 1913 60 83
Hariaka Jet,, Queis. ..o o liiie el oo 219-B 1913 52 77
HRrmEEton Ot el i e e 303, 304 1913 61 83
IHEstisRdeNIB e - L L 31-B 1910 448 461
HatbonsSaskcl BN Lo i L L 151-C 1915 21 35
Heath, Alta............. o e ey T ) L 34+-H 1915 21 34
Henfpym OBt . Fit . ity oo e o s 310 1913 61 83
Herbart, Sasley. Lt e e e e 118-C 1914 230 241
Hillhurst, Que.............cccenenaneennn. 13 1910 455 465
Holland Centre, Ont...................... 281 1913 59 82
Holmesville, Ont.......................... 322 1913 62 83
Holmfield, Man...............c..cconen.. 22-C 1913 67 87
Howick Jet., Que......... T 87 1910 456 466
Hubbards; NiS:. . cofovo oot cahih. . 397-B 1915 9 28
Hull, Que................ R et o L1 0 459, 460 1914 217 234
13 Ririefr 5 18 A e B P S St 132 1913* 31 31
Hyde Park Jet., Ont.............. e 341 1913 63 84
I
Iberville, Que:..........cooviivnnnnvnn.. 74 1910 452 463
Ilderton, Ont................ccoeinnn... 339 1913 63 84
Indian River, Y.T............. ] Rl 205 1913* 33 33
Ingersoll, Ont.............. el e T 229, 230 1913 56 80
Inkerman,Ont........................... 110 1910 457 466
Irvine, Alta............ T e 159-C, 1§O—C 1915 22 35
J.
James River, N.S......................... 169-B 1913 47 74
Jeannette, Ont........................... 249-A 1913 57 81
Jordan, Ont...........: I OO R SRS 205 1913 63 85
Juniata, Sask..........................L. 6-H 1915 19 34
K.
Kazabazua, Que.......................... 479 1914 218 234
Kearney, O o= e it U 5ot s o1 552 1915 14 31
Keewatin, Ont..................ccvvune 34-F 1915 19 33
Kempton, Ont. ... 000 b o s s s 113 1910 457 466
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ALPHABETICAL LIST OF CITIES, TOWNS AND VILLAGES AT OR NEAR WHICH BENCH-MARKS
HAVE BEEN ESTABLISHED.—Continued.

Year of
Place. A B.M. Number. Publieation. { Deseription. | Elevation.
Page. Page.
Kemptville, Ont........................ A 113-A 1913 52 78
Kenaston, Sask............... SRR i 21-D 1914 227 240
Kenora, Ont............. N e 36-F, 37-F, 38-F 1915 19 33
e R T (SO R 37-B 1910 448 461
Killaloe, Omt................ (0 6 15 i L e 518, 519 1915 16 32
Killarney, Maa........... A L C AL 25-C 1913 67 87
RangstelrOnt. . . o, .. sl il ; 139, 141, 141-A, 142 1910 459 467
Kipp, Alta................ B R e | 81-D o 1915 25 38
® 9Ty R B (R A BRI SN = SN ¢ 330 1913 62 84
Kirkcaldy, Alta.................. i 70-D 1915 26 38
LT % 1 R L R = (- R | 465, 466 1914 218 234
Kleinburg, Ont................ RS 2 e 258 1913 58 82
Knowlton, Que........... s L R 49 1910 454 464
Komoka, Ont..................... = ARk 237-A 1913 56 80
L.

T T R S MR LS SR 16-H 1915 20 34
Lansdowne, Ont.............. sl 130, 131 1910 458 466
hetsobd; Baec. - 0T L e AT 41-D 1914 228 240
LE TG T R O I e e LRSI 8-H 1915 19 34
Lennoxville, Que..............cc.oouunnn. 6 1910 454 465
Lepreau, NB............ b I Y 80-B 1910 451 462

Lethbridge, Alta.......... Sl 196-C, 197-C, 198-C
199-C, 200-C 1915 24 36
ot S I e 1S O G e A 83-D 1915 25 38
LY QIO - i vl v s ol o e et 221-B, 222-B 1913 52 77
Listowel, Ont.............. L L 307, 308 1913 61 83
Little River, Y.Tu. ... .uuneeenannns. 34 1913* 26 26
FaverpooliNaSBL . itn o« e et s e ey 418-B, 419-B, 420-B 1915 11 29
Londesborough, Ont.............. hers et 318 1913 - 61 83
TODAODOTE e 2ot 5w ol s o1 e Helrer s s 235, 236 1913 56 80
Longwood, Ont........cooovvnueennnnnnn.. 239-A 1913 56 81
Low, Que....... A o e e 1l SO S 476 1914 218 234
Lower Argyle, NS.............cvvnen.n. 455-B 1915 13 30
Lower East Pubnico, NS.................. 452-B 1915 12 29
Lucan Crossing, Ont...................... 337 1913 62 84
Lumsden, Sask.................ccvnnun.. 7-D 1913 71 90
ByD;Ont: - ... 5 sh bt cvoies sy e e 125 1910 458 466
Lynden; OB i o oo e siaiaiei® sl aibioeis 217 1913 55 80
Lyon Brook, N.S.....oooiviiiiiiiiinnnnns 156-B 1913 47 74

M-

Macoun, Besks: . . oo s s b 25 ra fe bl 69-C 1913 69 89
Madawaska, Ont...............c00vnennen 530, 531 1915 15 32
Magog, Que..:............... R S =y 40, 41, 41-A 1910 453 463
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ALPHABETICAL LIST OF CITIES, TOWNS AND VILLAGES AT OR NEAR WHICH BENCH-MARKS
HAVE BEEN ESTABLISHED.—Continued.

Year of
Place. B.M. Number. Publication. | Description. | Elevation.

Page. Page .

Matiand, Onta:. Lon L nlen, L) 121 1910 458 466
I A ) e S R S e s O 144-B 1913 46 74
Mallorytown, Onb..........ocevveeunnnn. 128 1910 458 466
NEanttou Ve T v s e L oL 11-C, 12-C 1913 66 87
Maple Creek, Sask....................... . 145-C, 146-C 1914 231 241
Markdale, Ont.... =) . oL L G0, L L, 279 1913 59 82
Maryaville, Ont. . 5 oL Sloo o oo 152 1910 » 459 467
Massawippl, QUe.........oveveiieiiiinans 28-A 1913 48 75
BYRtHers IV B SRR S s e S 17-C 1913 67 87
McAdam Jet.,, N.B...................... { 11-B 1910 447 460
McGivney Jet., NB...................... 333-B 1914 215 233
Meadowville, N80 5 i, vy, oo 153-B 1913 46 74
Medicine Hat, Alta....................... 167-C, 168-C, 169-C 1915 22 35
Medora, Man........... BN AR Lok 40-C 1913 68 88
Medway, N.S........... (o e oo 415-B 1915 10 28
Megantic, Que.......... 0 s A R 21-A-2, 22-A 1913 50 76
Melancthon, Ont.... L e e 271-A, 272. 1913 59 82
Melita, Man:.. ..o L L s L L et 42-C, 43-C 1913 68 88
Merigomish, NS......................... 164-B 1913 47 74
Merritton, Onta ! 50 cz ol oo ok 209 1913 63 85
MHARIS, BRRE - . - o </eaie e dassas s as onss s 71-C 1913 69 89
Midhurst, Ont................coovaese. k 390 1913 65 86
Midnapore, Alta.................ocooneL 54-D 1915 27 39
MilaypiOnes-=t T T o T e i 18-A-2 1913 50 76
Milestone, Sask.................oovvnnnn. 85-C 1913 70 89
Milk River, Alta......................un. 213-C, 214-C 1915 25 37
Mimbor¥ s s, S e 106 1913*- 30 30
Molson, Man. .............c.cc.ueuuenenn.. 10-F 1915 17 33
Monckland, Ont.......................... - 102 1910 457 466
Moneton, NiB. . o< i auiiane sbian ouasee o 132-B, 133-B, 134-B 1913 45 73
b6 AP Rt e il e Sy 373-B, 374-B 1914 217 233
Montagtie YoPo . i i ialvosloatiate s s 69 1913* 28 28
Mooretown, Ont................ccouvvnn., 362 . 1914 221 236
Moosejaw, Sask................cc0ivunnn. 94-C, 95-C, 96-C 1913 71 89
o R o e s i e s 103~-C 1914 229 241
Morden, Man....................ocoue... 7-C, 8-C 1913 66 87
Morsel Bask: D fonent i i s e e e 116-C, 117-C 1914 229 241
Mortlach, Sask...............0........... 110-C 1914 229 241
Mountain, Ont.................ccovnnen., 111 1910 457 466
Mulgrave, NS..............covinennn., 185-B 1913 48 75
Muniae, N-B i s Sen e ot o 37-B 1910 448 461
Musquash, NB.......................... 91-B, 92-B 1910 451 462
Mystic, Que......... N S ¢ IR 65 1910 453 464
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ALPHABETICAL LIST OF CITIES, TOWNS AND VILLAGES AT OR NEAR WHICH BENCH-MARKS
HAVE BEEN ESTABLISHED.—Continued.

= S S
Year of
Place. B.M. Number. Publication Description. | Elevation.
Page. Page.
N.
Napadogan, N.B................0cvivnne. 323-B, 324-B 1914 215 232
e R 149, 150 1910 459 467
Napinka, M&D.. ... ..........ounn.. G 41-C 1013 68 88
Nauwigewauk, NB......................t 107-B 1913 44 73
Newbury,Ont................. T S 242 1913 56 81
Newesstle,Ont...............ccconvvnnnn, 176 1913 53 79
New Dayton, Alta.......... B et ) 206-C, 207-C 1915 24 36
New Glasgow, NB...........coivininnnnns, 160-B 1913 47 74
Ninga, Man... ... T e S s el 20-C 1913 67 87
Nobleford, Alta............... W e 79-D 1915 25 38
Nordenskiold, Y. T................cvitn 47 1913* 27 27
Northfield, Ont................... s oyt 494 1914 219 235
North Portsl, Sask.................. EARPL t 1913 88 88
Northwood, Ont.................. S Tesla o B 245 1913 57 81
INBFEamNIB: L e e o SISt s L 113-B 1913 44 73
Norton Mills, Vermont... ................. 23, 24, 25 1910 455 465
Notre-Dame-du-Lac, Que................. : 64-B 1910 449 461
0. s
Oak Bay, N.B...... e CLS 2 oS e, oL 4B 1910 446 460
Oakyville, Ont....... SRR 2 S N T 193 1913 55 80
H s ] GRS e SR Y 14-H 1915 20 34
Okotoks, Af&.. . ..ouunneeereneernnnnnnnns 60-D 1015 26 38
Orangeville, Ont............ccouen.... e 267 1913 58 82
Ongoade, ODt. . .o canoverooioisiivasnss 117-A, 118-A 1913 52 78
Oshawa, Ont................... iy gy 178-A, 179, 179-A 1913 54 79
OrlapaBagk: -1\ . Ll e L R e e b 36-D 1914 228 240
OTama, OD=L o o s o Se e ae et o s iaiore ok 125-A 1913 - 53 78
8= L e TR A R 503, 504 1914 220 235
Owen Sound, Ont.............cccviivinnen 286, 287, 288 1913 60 82
Oxbow, SasK.. .. .oevvmeeeeeireeannnnns 55-C 1913 69 88
OXTOPdpONt . e s =5 Al S E et e 114 1910 457 466
Oxford, N8 L. o de b i e Ertems 2e =it 136-B 1913 46 74
Oxford Jet.,, N8B .o e et s 135-B 1913 45 74
P
Palgrave, 7Onti. ..o oioe i e s mise e seisin 376 1913 64 86
Palmerston, Ont....... § o e ATk T e 305 1913 61 83
Paris, Ont............... MRS Ok s L 222 1913 55 80
Parkbeg, 8asK...........ccoveiiieiiiinnn. 111-C 1914 229 241

{International Boundary Monument.
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ALPHABETICAL LIST OF CITIES, TOWNS AND VILLAGES AT OR NEAR WHICH BENCH-MARKS
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Year of
Place. B.M. Number Publication. | Description. | Elevation.

Page. Page
Park Head Jet., ODt... .. oveeeeeinnnnn... 291 1913 60 83
Earch L Omt. o s S A et 346 1914 221 236
Parry Sound, Ont..........oovvnvievinnnn. 419, 420 1914 223 237
Pagaui,'Sadk:. oo AL Ll o B L dee L 93-C 1913 71 89
150 et Y Gs e Sl o S R e 118, 119 1913* 30 30
Penge) Bagkd!, bk ARl L T Ll 99-C 1913 71 89
LEEET A ezl B B et s TS S ) T P 39-B 1910 448 461
Patiteodige N-BAZ: L o0 ST 123-B 1913 45 73
Biagen$ Saakne Rise oM e TR Dol 141-C 1914 231 241
BigRemngE @y (. . T 180-A-2 1913 54 79
BiedmontiN'S ., [0 L, o010 0 O 165-B 1913 47 74
Bierganyelan: e SR 0l s I s 46-C 1913 68 88
BilkaiCrele Ont. 11 L L, o e 253 1913 57 81
Pilot Mound, Man............ccoveuennnn. 15-C 1913 67 87
Binewoods Ond. 1% Dol L L S e 20-E 1914 226 239
e A A S 67-C 1913 69 88
Plaster Rock, NB.............. R B o 301-B, 302-B 1914 213 232
Bomanet: MBI IS o, b SR L s 176-B 1913 48 74
Port Clyde; 80 o, L. R L 442-B 1915 12 29
Port=Hope, Ont.- 0. 1l e 172, 172-A, 173 1913 53 79
Port Robinson, Ont...............connn... 212 1913 63 85
187 n b 01 o BT S e e e b ) e e 441-B 1915 12 29
Port Union; Onta .o ..o de i oon o b dathe 182 1913 54 79
Rreanotta Ot st it d 1L U b, 119 1910 458 466
Prince Albert, Sagk.............cc00ieunnn 47-D, 48-D, 49-D 1914 228 240
Princeton, Ont.......... s G R 224 1913. 55 80
 RE T S e SR o S S i o] 454-B 1915 13 30

R.

Rainy River,Ont......................... 17-E 1914 226 239
T 10 Bt e B P e e R 18-H 1915 20 34
Regina, Sask...............ccoiiiiiieen. 1-D, 2-D, 3-D 1913 71 90
Renfrew,Ont...............c.covvvvnnn. 505, 508, 507 1915 17 32
RiverGlade, NiBi.ocue s o ei b o s ot oz i 125-B 1913 45 73
Riviére-du-Loup, Que..................... 76-B, 77-B, 78-B 1910 450 461
Roche-Percée, Sask....................... 65-C 1913 69 88
Rock Island, Que......................... 33-A 1913 49 75
Roosevelt, Minn..................c.ouuun. 13-E 1914 226 239
Rose Point, Ont...............coovuvinnn. 565 1915 13 31
Rosthern, Sask........................... 40-D 1914 228 240
Rothesay, NB................... Ny 103-B, 104-B 1913 44 73
Rouleau, Sask................covvvvuinn.. 88-C, 89-C 1913 70 89
Rush Lake, Sagk...................ocvn.. 120-C 1914 230 241
34712771 R0 1 e I R 499 1914 220 235
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ALPHABETICAL LIST OF CITIES, TOWNS AND VILLAGES AT OR NEAR WHICH BENCH-MARKS
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Year of
Place. B.M. Number. Publication. | Desgeription. | Elevation.
Page. Page.
S.

Sable River, NS............... ¥ (e 427-B 1915 11 29
Sandstone, Alta................. aetinn J s 58-D 1915 26 38
Sarnia, Ont............. Q30 & e 357, 358, 359, 360 1914 221 236

Saskatoon, Sask......... A £ s IR £ 29-D, 30-D, 31-D,
32-D, 33-D 1914 227, 228 240
Scotia Jet.,, Ont. ........ 0, S L R 1! 553 1915 14 31
Scotstown, Que.......... el A 2 e e 16-A-2 1913 49 76
Scott, Sask............. LA TORE [ S| 19-H 1915 20 34
Shag Harbour, N.8...... R e S PR 449-B 1915 12 29
Shallow Lake, Ont,................ouene. 290 1913 60 83
Shannonville, On%................ccouneen 154 1910 459 467

Shelburne, N.S................. . e 0 433-B, 434-B
435-B, 436-B 1915 11,12 29
Shelburne, Ont.......... T s Aol o v G 271 1913 59 82
Sherbrocke, Que......... Soa ool o L I 1,2,8 1910 454 4685
b ol L Per T S ek YR 35, 36 1910 453 463
St R L S P o 51-B 1910 449 461
South Stukely, Que...............co0venn. 45 1910 452 463
Sprague, Man........... . MR et ek 10-E 1914 225 239
Springhill, Que..............ooiiiiial 19-A-2, 20-A 1913 50 76
Sprueedale, Ont......... Mot (e ok F v 556 1915 14 31
Stapbridge, Que. ... ... ... iiiiiiiians, 67 1910 453 464
Stanstead, Que.. ey R G e R ) | 34 1913 49 75
Stephen, Minnesota... .. ... ............... 1-C 1913 66 87
[T (o A R TR SRS SR 148 1913* 31 31
Stewart Crogsing, Y.T... .......... T o 162, 163 1913* 32 32
Stickney, NB.............c..cocviviinnn.. 32-B 1910 448 461
Stirling, Alta............ LS e S R Y S 203-C, 204-C 1915 24 36
Stoney Creek,Ont........................ 201 1913 63 85
Stoney Point, Ont........................ 250 1913 87 81
Stottsville, Que.................cviiiinn 79 1910 456 463
Sudbury, Ont. .. ..vvvveeeiiennnanerennns 454, 454-A 1914 225 238
Susgex, N.B........ e bt e B o S < B B 1 117-B. 1913 4 73
BUGEEN CTC . 50651« o i o 7eehel st & S E5E 0 52 1910 454 464
Swift Current, Sagk,..............c0oiuun 126-C, 127-C 1914 230 241
ST.

St. Anselme, Que...r......... v AL L R 214-B 1913 52 77
St. Armand, Que..........c.oiiiiiiinn 68, 69, 70 1910 453 4G4
St. Catharines, On§..............c.coune. 207, 208 1913 63 85
St. Evariste, QUe........oveereeennnnnnnn. 195-B, 196-B 1913 51 77
St. George, N B.......coviiiiiiiiinianns 83-B 1910 451 482
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Year of
Place. B.M. Number. Publication. | Description. | Elevation.
Page. Page.
Ste. Henedine, Que....................... 212-B 1913 52 77
St. Henri, Que. (Lévis County)............. 216-B 1913 52 77
St Hanor, Q... Lo ol e e e .... 70-B 1910 450 461
T - A S L U S 97-B, 98-B, 99-B, 9 28
100-B 1910 452 462
8t. Johns, Que..... L on i L SRR LY 4 SR 75 1910 452 463
* LSy, E ) I L S IR 76 1910 455 463
St. Joseph-de-Lévis, Que................... 220-B 1913 52 77
St. Louis, Que. (Beauharnois County)....... 88 1910 456 466
St. Margaret, N.S...........c.ccvuinennn. 394-B 1915 9 28
SHEMATY OUELE. oo e v e oo b o B g e = 209-B 1913 51 77
St. Polycarpe Jét., Que.................... 92 1910 456 466
Ste. Rose, Que. (Temiscouata County) .... 62-B - 1910 449 461
St. Stephen, NB......................... 2-B, 3-B 1910 446 460
T.

Taber, Afta. .. ..., .00k eenabo oo, .. 186-C, 187-C 1915 23 - 36
Ea WY ot A 20, 21 1913* 25 25
i3 T e L 20-H 1915 20 34
Tara: 1ORb: =m0 R i e 293 1913 60 83
Tatamagouehe, NS....................... 147-B 1913 46 74
Thamesville, Ont.............ccoevvnnnn.. 243-A 1913 &7 81
Thedford, Ont.......0. .o i ifusion. .. 349 1914 221 236
Thornhill, Man .......................... 9-C 1913 66 87
Thoroldy Ont:..... 5% .. .. 6eie.nmme s 210, 211 1913 63 85
Tompkins, Sask............ e R ot ol ok 138-C 1914 231 241

Toronto, Onkb............ooovviiieinieann. 185, 186, 187,
188, 188-A, 189 1913 54 79
Tottenkam, Ont.......................... 377-A 1913 64 86
Trenton, Ont.......ont .. oo 161 1910 460 487
Tring FOh., QUe.. ..ol in e s e s 204-B 1913 51 77
Tupperville, Ont............ e ey L et A 369 1914 222 236
TG P S S e S e 460-B 1915 13 30

U.

37 T N (NS MR 22-H 1915 20 34
Upper Woods Harbour, N.S................ 451-B 1915 12 29
M topin: Ont. . otpae Js e Lo pl e 387 1913 65 86
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Year of
Place. B.M. Number. Publication. | Description. | Elevation.
Page. Page.
V.
Walerield, Que: .o oo il . ok 89 1910 456 466
Valley Jet., Que..........coovvvvinnnnnnn, 207-B 1913 51 77
L L 23-H 1915 20 34
Versailles, Que.............couenes R 72 1910 452 463
T ek R R N R SO DRSO . 68-D, 69-D 1915 26 38
Ww.

Wainwright, Alta........... AT it 36-H 1915 21 34
Wakefield, Que............c.ooieiiiiina 469, 470 1914 218 234
Wallaceburg, Ont...........oocovvvivnnnn 367 1914 222 236
L L (TR TP S Sl 155-C 1915 22 35
e T s R CPRPOV S SR 35D 1914 228 240
T oo N L e SN PR 209-C, 210-C 1915 24 36,37
Warroad, Minn............ccooevvnnneeenn. 12-E 1914 226 239
Waterville, Que. ...............covnivnnnn 9 1910 455 465
Webibafagle. .o fo. o do. o ona b it Ry 132-C 1914 230 241
WWellanda Ot 0L b s s 213 : 1913 64 85
Welland Jot., Ont..............oooivnnnns. 214 1913 64 85
West Merigomish, N.S.................... 163-B 1913 - 47 74
Weston, Ont........ e Y R L e 256-A 1913 58 82
Weyburn, Sask.:........0..cco0iiiiiiann 80-C, 81-C 1913 70 89
WHItbyORb. 5. oo i e i e 180-A 1913 54 79
Whitehorse, Y. ... .. .oovivnnennanns. 1 1913* 25 25
Whitemouth, Man........................ 14-F 1915 18 33
White PSS, YT, L0 i i s - oo 42-R, 43-R 1913* 23 23
Whitewater, Man.............covivinnnnn. 35-C 1913 68 88
Whithey; Onb, oo . o5t e faies amion s bier sis e 536 1915 15 31
Wildox,; SSalcs o 8 st o et iy e s 86-C, 87-C 1913 70 89
Winchester, Onte.........ocoeeevunnenn.. = 109 1910 457 466
Windsor, Ont........cccovvviineinnnnnn. 255 1913 57 81
Wingham, Ont..............ccooiiienen. 314 1913 61 83
Winnifred, Alta. .. ......cvovvvinneinnnen. 176-C 1915 23 35
Winnipeg, Man................. o o e 1-F, 2-F, 3-F 1915 17 33
WHROTA,, OB 5 5155115 (3501 25 0001 5% 5 Ik a o oni 5 5 202 1913 63 85
Winter, Bagk........coveinnanaennnnaan 25-H 1915 20 34
Woodstock, Ont.........c.ooovvvninnennnn. 226, 227 1913 55 80
Woodstoek, NBooo .o vviieieiiininnnn 25-B, 26-B, 27-B 1010 447 460
Wounded Moose, Y.T..........cvennnnn 179 1913* 33 33
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ALPHABETICAL LIST OF CITIES, TOWNS AND VILLAGES AT OR NEAR WHICH BENCH-MARKS
HAVE BEEN ESTABLISHED.—Concluded.

Year of -
Place. B.M. Number. Publication. | Description. | Elevation.
Page. Page.
D'
papmonth, DL S Sol L otdml L L e e 463-B, 464-B, 465-B 1915 13 30
Yellow Grass, Sask.........ccocvvevvennn. 83-C 1913 70 89
Yukon Crossing, Y.T.................. ... 94 3 1913* 29 29
Z.
B EOABASN = . U S s S e e 27-H 1915 20 34

Dominion Observatory,
Ottawa,
February, 1915.
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THE SPECTROSCOPIC BINARY ¢ TAURL

BY J. 8. PLASKETT, D.Sc.

The star 62 Tauri (o 4® 22™.9, §415° 39, magnitude 3.6, spectral
type A5) was announced as a spectroscopic binary by Moore in the Lick
Observatory Bulletin, No. 62, and by Frost in the Astrophysical Journal
XXIX, page 238. Their published velocities with the date, Julian day,
phase and residual (the two latter being obtained from the elements
finally accepted) are given at the beginning of the table of measures below.

The star was placed under observation here on December 11, 1909,
and between that date and March, 1912, 66 plates were obtained. Of
these plates, 52 were selected and measured. The measures of the plates
were discussed and a preliminary orbit obtained and published in the
Journal of the Royal Astronomical Society of Canada VI, page 231, July-
August, 1912. A summary of this work will be given later but, as it was
felt desirable to have further observations, 16 more plates were obtained
and measured making a total of 68 plates on which the present determination
is based.

The spectrum is of type A5 containing numerous metallic lines, but
unfortunately all these lines are wide and diffuse making the measurements
more or less uncertain. This is shown by the poor agreement often present
" between different lines on the same plate and by the comparatively high
probable error + 3-6 km. per second of a single plate derived from the
plate residuals from the final orbit. Four different dispersions were tried
in the hope of getting more satisfactory measures with this type of spectrum,
but no one showed very marked advantages over the others. This will
be discussed more fully later.

The principal lines measured—all those used in the measures—with
their chosen wave-lengths and source are given in the accompanying list.
The titanium lines seem in general to be the best defined and most reliable-
in this spectrum.

76334—2
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LINES MEASURED IN 6 TAURL

Wave-length. Element . Wave-length. Element.
4584-018 Fe 4455-116 Blend
4572-156 Ti 4415-293 Fe
4563-939 Ti 4404-927 Fe
4549766 Ti-Fe 4399-935 T+Cr
4534-~139 T 4395-201 T:
4515508 T 4374-520 Blend
4508-455 T 4351-930 ’ Cr
4501-448 Ti 4340-634 H
4494-738 Fe 4325-939 3 Fe
4481 -400 My 4315-138 Fe
4468-663 T 4290-377 T:

The summary of the measures of the early plates at the Lick and
Yerkes observatories, of the 52 plates used in the first determination, and
of the 16 plates obtained subsequently, with other data are given in the
accompanying table and this is followed by tables containing the measured
values of the individual lines, with the corrections required to reduce the
velocities .to the sun.

SUMMARY OF MEASURES.

Plate Julian Spectro-| Phase |Velocity | Residual

No. Date " Date graph O-C. Remarks
Lick Plates— |Dec. 1, 1903....! 2,416,450-70 |........ 139-10] +38 — 2-8
Jan. 3, 1905.... 6,849:60 |........ 115-90{ <50 +13-9
Oct. 4, 1906.... 7,48865 |........ 51.45| 474 - 78
Sept. 8, 1908.... 8,193-90 |........ 53-20| 180 4 0-6
Oct. 21, 1908.... 8,236-85 |........ 96-15| +17 —14-8
Oct. 25, 1908.... 8,240-85 |........ 100-15, +23 - 9.7
Yerkes Plate.— [Aug. 31, 1906.... 7,454-88 [........ 17-68| 42 — 5-9
“ |[Nov. 4, 1907.... 88477 [........ 25-47 29 —22.4
Aug. 25, 1908.... 8,179-94 |........ 39-24) 464 + 2-6

Sept 8, 1908.... 193-95 [........ 53-25, 188 + 9-0|Secondary +40
Sept. 18, 1908.... 203-85 [........ 63-15] -+10 —18-7

Oct 12, 1908.... 227-85 {........ 87-15 -39 + 9-9{Secondary +8

Nov. 8, 1908.... 254-78 |........ 114-08, -+36 + 0-3
Dee. 7, 1908.... 283:63 |........ 2.23 438 — 6-0|
Dec. 11, 1908.... 28763 |........ 6-23] +31 —13-0
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SUMMARY OF MEASURES—Continued.

Plate Julian Spectro— Residual
No. Date Date graph | Phase | Velocity] O-C. Remarks
Ollawa Plates—

3030 Dec. 11, 1909....| 2,418,652:73 III S 89.93| +28.2] — 2.3
3041 Dec. 16, 1909.... 657-74 III 8 94-94| +30-9 — 0-6
3044 Dec. 18, 1909.... 659-66 | III S 96-86| +34-7| + 2-7
3056 Dec. 28, 1909.... 669-78 III s 106-98) +34:9| 4+ 0-8
3068 Dec. 30, 1909.... 671-51 IIL S 108-71] +22-8 -—11.7
3076 Dee. 30, 1909.... 671-65 I 108-85 +22-1| -—12-4
3085 Jari T, TEOL0L S 67952 II1 S8 116-72| +431-4/ — 4.8
3108 Jan. 14, 1910.... 686-66 III S 123.-86] +29-2( — 8:6
3116 Jan. 15, 1910.... 687-53 III s 124-73] +38-9 + 0-8
3133 Tans o 19 =110 - 691-56 III s 128.76] +37-4] — 1.6
3169 Feb. 3, 1910.... 706-70 II1 8 3-20, -+46-0[ -+ 2-9
3201 Feb. 21, 1910.... 724-55 1 21-05{ +442-6] — 5:6
3208 Feb. 23, 1910.... 726-55 I 23-05| +57-00 -+ 6-8
3222 Feb. 24, 1910.... 727-56 III S 24-06] +46-7 — 4-0
3255 Mar. 2, 1910.... 733-63 I 30-13| +60-6] 4+ 6-5
3268 Mar. 3, 1910.... 734-59 1II R 31-09| +54-00 — 0-7
3308 Mar. 10, 1910.... 741-61 III R 38-11] -+58-6] — 1-6
3334 Mar. 17, 1910.... 74855 IIT R 45.05| +471-8/ -+ 2-5|Pr. 4107 Sec. 4 43
3623 Sept. 7, 1910.... 922.89 I 78-69| +31.9] + 3-9
3651 Sept. 14, 1910.... 929-86 I 85-66| +37-3] + 7-7
3658 Sept. 15, 1910.... 930-87 I 86-67| +42-5| +12-8
3668 Sept. 16, 1910.... 931-79 I 87-59] +27-3] — 2-7
3687 Sept. 21, 1910.... 936-88 I 92-68 +36-0( + 5-0
3730 Oct. 10, 1910.... 955-90 I 111-70( +25-8] — 9-3
3741 Oct. 12, 1910.... 957-88 I 113-68| +37-6/] + 2-0
3784 Oct. 31, 1910.... 976-73 I 132.53| +38-7] — 1-3
3793 Nov. 2, 1910.... 978-82 I 134-62| --37-8 — 2-7
3802 Nov. 8, 1910.,.. 984-81 I 140-61| -+44-3| + 2.3
3818 Dec. 5, 1910.... 9,011-67 I 26.77| +56-7 -+ 4-6/Pr. +112 Sec.+ 11
3843 Dec. 9, 1910.... 015-67 I 30-77| +56-2f + 1.7|Pr. 466 Sec. — 37
3859 Dec. 12, 1910.... 018-60 I 33.70 +61-2| + 4-6
3871 Dec. 15, 1910.... 02165 1 36-75 +455-1 — 3-9
3888 Dec. 21, 1910.... 027 -66 I 42.76| +67-00 4 1-4
3916 Jan. 5, 1911.... 042.57 I 57.67| +42-7 — 1-4
3922 Jan. 9, 1911.... 046-61 I 61.71| +27-00 — 3.4
3930 Jan. 12, 1911.... 049-61 1 64.71| +32-3] + 46
3938 Jan. 16, 1911.... 053 -67 I 68-77] +25-8 — 1-0
3958 Jan. 18, 1911.... 05559 I 70-69| +28-00 + 1.0
3973 Jan. 30, 1911.... 067 - 59 III L 82-69 +35-1| + 6-1
4627 Oct. 10, 1911.... 320-79 1 54-49| +70-7] — 1-3
4636 Oct. 12, 1911.... 322-86 I 56-56] +62-1| +10-0
4672 Oct. 28, 1911.... 33875 III L 72-45 +26-9] — 0-2
4716 Dee. 6, 1911.... 37777 I 111-47] +34-2] — 0-9
4733 Dec. 19, 1911.... 390-82 I L 124.52|  +26-7 -11.3
4739 Dec. 25, 1911.... 396-75 I 130-45| +35-4] — 4-1
4746 Jan. 1, 1912.... 403-71 I L Vit o S AT o o Pr. +54 Sec. +2
4760 Jan. 10, 1912.... 412.63 III L. 563 -+41-4] — 2-4
4780 Jan. 12, 1912.... 414-67 1 7-67) -+45-3| + 0-9
4788 Jan. 13, 1912.... 415-50 NI L 8.50 +39-1 -— 5-6
4792 Jan. 16, 1912.... 418-60 I 11-60{ +40-7] — 5.0
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SUMMARY OF MEASURES.—Concluded.

Plate

Julian Spectro- Residual
No. Date Date graph | Phase [Velocity | O-C. Remarks
4832 Feb. 10, 1912....| 2,419,443-66. I 36-66 -+60-91 + 2-0
4835 Feb. 12, 1912.... 445.65 1 38-65] +458-9] — 1-8
4880 Mar. 11, 1912.... 473-52 I 66-52| +25.8] — 1-4
5218 Qet. 14, 19120 680-78 I 133-08] +-41-6{ + 1-5
5236 Oct. 7, 1912.... 68379 I 136-09| -+-48-7| + 7-8
5243 Oct. 16, 1912.... 692-80 I 4-40f +50-8 + 7-3
5244 Oct. 16, 1912.... 692 -85 I 4-45| +44-4] + 0-9
5250 Oct. 17, 1912.... 693 -82 1 5-42| 4414 — 2-3
5251 Oct. 17, 1912.... 693 -85 I 5-45| +48-0 + 4-3
5253 Oct. 20, 1912.... 696 -64 I 8-24| 4-45:5, + 0-9
5254 Oct. 20, 1912.... 696-69 1 8-29| +46-9( + 2-3
5259 Oct. 25, 1912.... 701-71 I 13:31| +56-7[ -410-0
5260 Oct. 25, 1912.... 701-75 I 13-35| +43-9] — 2-8
5892 Jan. 21, 1914....|" 20,154-56 I 44.06) -+63-4 — 4-6
5902 Jan. 25, 1914.... 158-55 | III L 48-05| -+74-2 — 0-7
5903 Jan. 30, 1914.... 163-62 | III L 53-12| +76-1 — 3-2
5904 Feb. 2, 1914.... 166-53 | III L 56-03|. +63-2] + 6-2
5905 Feb. 4, 1914.... 168-50 | III L 58-0 | 437-6f — 4-4
5914 Feb. 5, 1914... 169-60 I 59-10 -433-4 — 3-9
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MEASURES OF 6: TAURIL

3030 3041 3044 3056 3068 3076 3085
A
Vel. |Wt] Vel wt] Vel Wt Vel Wt] Vel Wt] Vel. |Wt] Vel Wt.
4584-018 |4 30-53] 3 |+ 31-73] % |......-|.. + 49-89| 3 |+ 37-42| 1 |4 4635/ 2 }........[....
4572-156 [+ 35-41| 1 |+ 32-72{ 1 |+ 36-31] 4+ 49-71{1 f....... . ool + 51-11| 1
4563-939 ........].... 4 48-78| 3 )....... o R [ SONPEREEE G AEE -0 i B [ SRR SR [ S
4549.766 |4+ 43.01 32 |+ 35-02| 13 |+ 40-33| 13 |+ 51-27| % |+ 3745 3 )........[.... + 42-46| 1
4534139 §-.......[.... + 53-88( 1 [+ 4358/ 1 f.....covcfenn. + 34-92 1f.......[. o4 47-010 %
4481-400 }4 32-94| 1 |4 50-21) 1% |+ 42-15{ 13 }........ + 37-24[ 1 |+ 40-56| 2 J+ 59-33| 2
4468-663 ........|.... + 53-11) 10+ 548312 L.o.ooou|oo  hoeiii el S BE00] 0 LR ol b.
4395-201 ....... ol o AU 7 Al e o SR P e 5 MR S SR o S + 26-70/ 1 }+ 48-26/ %
4374-520 ........|.... + 47-19| 3 |+ 48-36] 3 |+ 51-97F % }........ S ) PR (R [ SR 2 3 8
4351-930 [........|.... e S480L 0 BE S4Bl 2 ES.. ..o fil . feies + 308011 Rl oo e
4825-930° §id ..o odfiadia s ot ol s s 2 AR e et e e B enoAdy 4 frokoncin £ 20311 R R0
2L led (] SR I I SRR WU 5 N EERE) [ b SERe e = ICIRRITRS AR Ee B SR + 41-56| %
Weighted
mean + 35-47 4 38-35 + 45.44 <+ 50-51 + 39-19 4 38.43 4 51-03
Va -~ 6-87 - 9.50 — 10-48 — 15-06 - 15-97 — 16-03 — 19.38
Vs — 0-00 - 0-13 - 0.02 — 0-26 — 0-18 — 0-05 <+ 0-08
Curv. - 0.28 — 0-28 - 0.28 - 0-28 - 0:28 - 0:28 - 0-28
Radial
Velocity + 28-2 + 28.4 + 34.7 + 349 + 22-8 + 22-1 + 31-4

76334—3
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MEASURES OF @@ TAURI—Continued.

3108 3118 3133 3169 3201 3208 3222
A
Vel. |Wt] Vel. |Wt] Vel. |Wt] Vel. (Wt.] Vel. |Wt] Vel. |Wt] Vel |Wt.
4584-018 |+ 43-34] $1........ <..]+ 35-76| & 14 66-47| F Q4+ 61-36/ 1 f........|.... + 61-49) }
4572-156 [+ 40-98| 1 {4 49-55| 1% |+ 52-67| 1 |+ 86-48| 1 |+ 96-96| 3 |+ 78-34] 2]........ ol
4563-939 [........|....L Endan ...+ 7858 3|+ 73-18 34+ 90890 1)............)....... L.
4549-766 |4 59-32| 1 |4 61-98| 1 |4 48-31| 1 |+ 75-29| 13 |+ 60-65{ 1 |+ 67-37] 1 |+ 88-19] 1
4534-139 |4 51-04/ 1 |4 66-26| 1 }4- 66-41 1} |+ 72-31| 1 |+ 78.42| 1 T + 73-43) 13
4508-456 |[........ gt P s Bl el e i e R o + 70-53| 1 49717 3}........
4494-738 1....... g BTl ik e e 0 R O el - Tl B Saw A i W Rl PR 1Y B e
4481-400 |+ 60-73) 13 |+ 63-19( 15 |4~ 64-59| 2 |+ 73.-01| 1% |4 57-16] 13 |+ 92-25| 2 |+ 82-12| 1
4468-663 |........ 7762 3146865 F)........ .... B0 Ba Y B s e 2
4395-201 )+ 49-53] 3 )........ SeP oA ) B ...+ 76-51) % }4- 82-41] 1 J4+ 76-62] 3}
4340-634 |........ o A s + 72-26] % |4 62-51) % |+ 71-16| 13 |+ 80-41| % |+ 77-57) %
4325-939 4+ 44-21) R ... o)t e L omiim Rl o  FEE + 74-10( %
4290-377 14 49-00] 1 |4 60-38/ 1 [+ 76-78! 3 L.......|.... + 81.35{ 14 |+ 75-00] % f........|.
Weighted
mean + 51.72 + 60-58 + 61-44 + 74-40 + 72.24 + 87:60 + 77-36
Va - 22.09 — 22-40 —~ 23.74 - 27-70 — 29-89 — 20.87 — 29-88
Va - 0-14 — 0.03 + 0-01 - 0-27 - 0-14 — 0-14 - 0-14
Curv. - 0-28 - 0-28 - 0-28 - 0-28 - 0-28 - 0-28 — 0-28
Radial
Velocity + 29-2 -+ 38-9 + 37-4 + 46-2 + 42-9 + §7-3 + 47-0
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MEASURES OF # TAURI—Continued

3255 3268 3308 3334 3623 3651 3658
k L=
vel. |[Wt| vel. |wt) vel. |wt] vel |wt] vel |wt] vel. |wt] vel. |Wwt.
gane0is B ] SO RS CAB TREE (IR T RN T L
IR THNE [N S N+ 87-26) % l+109-32] 3|+ 704 3|+ 162 3 )
4563-939 |+114-28) & |+105-18/ 1 Q]+ 73-04| 3+ 9234 ). ... .l
4549-766 |+ 90-71) 3 |+ 66-55| % |+ 85-63| 1 |+ 96-19| 13 |- 21-34] 3 |- 1-33| '3 |+ 25-35 %
4534-1390 |+ 9s-28) 3)........|.... RTINS T RN SR S REBLATT i
4515-508 |........|.... T S O | SR S IR S SRS B e TR
4481.400 |4 86-51) 1 |+ 71-46| 3 |+ 89-06| 13 |+ 90848/ 1 |+ 18.88) 1 |+ 13-78| 1 |+ 9-70 1
4468.663 |....... Ao+ 95-03) 3 |+103-750 3 )....... E e + 13-08{11 F..veiofon
4395-201 |+108-27] 3)........|. B SgPTICT T LR +10-35| 1 |- 4.0 3|+ 20-47 %
4351-930 |+ 85-66| 3 |+ 75-19] 3 |+ 92-86| % |+110-56 3 ).l ..l
4340-634 |+ s4-46| 1 |........|.. st 3Bl ] — 9831 |+ 21-98 3% |+ 20-25 %
4338-900 B sr-3) 3 b oas0l d - sessl p k... b Lk
4290-377 |+ 79-04) 3]........|.... + 7660 % |+105-91)1 |........[...]..... T TR [ Y
Weighted .
mean | +91.22 | +8450 | +885 | +10070 | + 306 | + 914 | + 1455
Vo | —2018| ~2073 | —2013 ] —~2812 | + 2003 | + 2833 | -+ 28-19
Vo | - 028| - o021] — o028] - o021 | + o008] + 008] + o0.06
Cuv. | — 028 | - 028 ] — 028 ] - o028 | - o028 028 | - o0-28
Radial ]
Velocity + 60-9 + 553 + 588 + 72-1 + 319 + 478 + 42:5

76334—3}
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MEASURES OF & TAURI—Continued.

3668 3687 3730 3741 3784 3793 3802
A B
Vel. Wt] Vel Wt Vel Wt] Vel Wt] Vel Wt] Vel Wt] Vel Wt.
4584-018 |— 0-68| % |— 17-44] 3 ]|—- 79011 |— 7-22 3]+ 32.98/1 |........ .+ 19-35 %
4572.156 |— 4-87] 3 })........ PO . & 50D IS B seefes. - 22.32) 1 B4+ 20:57] & |4 15-15| %
4563-939 |........ Lo f20:60" 34:...... gl RO o4+ 29.48] 34+ 42.93) 3 )........|.. g
4549-766 |4 5-33| % |4+ 10-68/ 1 |4+ 1:33 2 |+ 26-68/ 1 |+ 16.01f 1} |4 20-67| 13 |+ 22.68| 1}
4534132 |— 22-97| 4 ]— 10-04| 1 |4+ 8-45 1 |........|.... + 49-64| ¥ |4 30-90| 3} |+ 40-14| }
4515-508 |........ o oot e o it PR B! | AR vorefe i 30-28] 3
4508-455 |...... Tl BoR A e 3. ol i i PR el I |- o L1 Y Lo G < veeleos 4+ 48:50( 3}
4501-448 |........|. TS e T ERESIE bR - AR o, eF 2847 I .. .. o]i + 33-34| 1
4481-400 |4 13-47{ 1 |4 27:32/ 2 |+ 1.03{ 2 |4+ 26-04| 13 |+ 36:31| 1 |4+ 24.-76| 2 |+ 50-42| 2
4468663 J........|....}...... peleo o J+ 4:68/ 1 4+ 19:88 3 L........0....}h....... ol AEE R
4404-927 [+ 8-83| 1 |+ 2-78| %}..... Y s | | A OB SIS B SRR P
4399-935 |— 1848/ 1 |........|... TG-S N1 - SRiRRIYeL SIS RIS A R R S e
4395-201 |....... oo+ 2:200 1 4+ 5:52) 31+ 12-14) 3)........ + 24.78] % |+ 29-58| 1
4374-520 HELa 4 12.950 3 )1..... res VRT3 1 e BN | R Sl e f e R | SRR e A
4351-930 f— 5371 f........ .... + 2811 [+ 16-00{1 {..... + 30-20( % f{+ 38-95 3
4340-634 4+ 14-11) 13 §+ O0-58| % |+ 24-87| % |+ 18-52/1 }........[... 4 28-93| 4 |+ 33-55{ %
4325-939 LB R I T e D i = 12.16] 2 Q......: - 1227 4R ol
Weighted
mean - 0.72 + 9-04 + 3-99 + 16-40 + 25-10 + 25-11 4- 34.52
Va + 28.06 + 27.21 + 22-24 + 21.56 + 13-97 + 13-02 4 10-17
Va + 0-20 + 0-04 — 0-13 — 0-08 - 0-13 — 0-08 - 0-10
Curv. - 0.28 - 0-28 -~ 0.-28 — 0.28 — 0.28 - 0.28 - 0-28
Radial
Velocity + 27.3 + 36-0 + 25.8 + 37.6 + 38-7 4 37-8 4 44-3
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MEASURES OF @@ TAURI—Continued.

3818 3843 3859 3871 3888 3916 3922
A -
Vel Wt Vel Wt] Vel Wt] Vel Wty Vel Wt Vel Wit Vel Wt.
4584-018 |........ ol CETARBE Rl e s + 48-66| 4 }+ 52-06] % |+ 51-66| 1 -+ 34-35 %
4572-156 }........ L 672411 F....... 4 46-270 3 14+ 69-27) 3§+ 64-67) 13 )4+ 29-36) 1
4563-939 |+ 89-37| 3 |+ 38-90| % |+ 53-03| 1 §+ 79-95 3 |— 72.55] %)+ 71-34 3)........
4549.766 |+ 50-69| 1 |+ 61-36} 1} |+ 70-03; 1 |+ 67-37| 13 |+ 69-37| 1 |+ 57-50| 14 |+ 38-55{ 1
4534-139 )4 62-62] 4 ]+ 69-88/ 1 }4 81-37]1 J........|.... +100-92| % §+ 74-50, % J4+ 48-08| 1%
4501-448 |........[.... + 55-99| 1 |..... vy I | SRR R | O SR e + 5508/ 1 |+ 59:87| %
4481-400 |4+ 63-54| 13 |4 71-200 2 |4+ 69-92| 1} |+ 67-37| 13 |+ 90-34| 1 |+ 58-44| 13 |+ 53-97| 1%
J46R-BO3. 0. . SR el sl s + 84.38 % veenoe|es..J4+100-82| 1 §4+ 80:58/ 1 |........
4404-927 |4 46.27] 3 }+ 64-55/ 1 |+ 42-14( 1 j+ 61-82( 1 |........[.... + 50-01} 1 I+ 52-44| %
4399-935 |........ e = SR e | R B Uls | e L P | [ o (RS + 33-80| %
4395-201 f........}.... + 53:65| 1 |+ 86-13| 1 |4+ 57-38| 1 |+ 62-20| 1 |4 62:28| 1 |4 44-03| -}
4351-930 R+ 54-73] 3 )...-.... ... e, + 67-22 1 |+ 7749 3)........[.... + 55-90| %
4340-634 |...... ; + 56-11/ 1 |........ ....]+ 68-84/ 1 I+ 83-88/ 1 |+ 73-05| 1 |+ 63:-63 %
Weighted
mean + 60-55 + 62-13 + 68-54 4 64-08 + 79-03 + 61-43 + 47-41
Va — 3:62 - 5-69 - 7-20 - 8.74 - 11-72 — 18-48 — 20-11
Vs + 0-04 0-00 + 0-14 0.00 - 0-04 + 0-06 - 0-04
Curv. — 0-28 - 0-28 - 0-28 - 0-28 - 0-28 - 0-28 — 0-28
Radial
Velocity + 56-7 + 56-2 + 61.2 + 85-1 + 67-0 + 42.7 + 27-0
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MEASURES OF @@ TAURL—Continued.

3930 3938 3958 3973 4627 4636 4672
A —
Vel. | Wt] Vel. |[Wt] Vel. |Wt] Vel. |Wt] Vel. [Wt] Vel. |Wt] Vel |wt.
4584-018 |+ 53-04/ 4 |4 50-021 3 )............0h....... o .ol Sk | ATeAd gl i - 7-73] %
4572-156 f........|.... + 42-21] 3 {+ 65-21| § |+ 61-27| % |+ 47-63] 4 |+ 39-89| 1 |+ 16-82] 1
4563-939 3+ 49-89| 1 |4 38-23| i l........ AP R Co LORER il Frie s Mo
4549-766 |........ -.J+ 55-36| 1. |4+ 49-36| 13 |+ 58-88| 1 |+ 2468 31........ 3 + ' 703 &
4534-139 J4 49-41) 1 |+ 42-80f 5 |+ 49-41 3 )........|. - J+ 38-84] 3 |4 49-41 3+ 3:22| %
4501-448 |4 66-33) 3]....... i A = SRS b 48180 3k 2 R e B Sy Tl
4481-400 |+ 46-96 13 |+ 48-87) 14 |4 50-78| 2 |4 73-25/ 1 |+ 50-78| 1 |+ 48-23[ 1 [+ 21-93| 1
4468-663 14 79-320 3 ).......0 . )eells. PRl [ReliE s PR S r o o 2109 & B iRl
4404-927 L........ 5728 )+ 55-46) % )........ A RO O LRt e e 1S d
4399-935 L........|.... + 33-80) § |+ 44-06) 3 )........|....}... MERG TASE: [eReRs S (RS | S i
4395-201 |+ 46-07| % §4 45-23) $ Q1+ 59-67[1 [........ IR S 30:320 & Rl %
4351-930 {4 51-23| % |4 63-48| % |+ 48:31) 3 l........[.... + 52-98( 14 |4 48-31] 3)........|....
4340-634 )+ 55-53| 3+ 52-07) 1 L............)....... 5872712 H 41-07) 13 )........
Weighted
mean 4 53-92 4+ 48-97 ) 4 5235 + 62-28 + 48-48 + 40-79 + 11-73
Va - 21-25 — 22.70 — 23-99 ~ 26-75 + 22-36 + 21.67 + 15-42
Va - 0-06 - 0-17 - 0-08 - 0-11 + 0-10 - 0-03 + 0.07
Curv. - 0-28 - 0-28 - 028 - 0-28 - 0-28 — 0-28 - 0-28
Radial
Velocity + 32-3 + 25-8 + 28-0 + 35-1 + 70-7 + 62-1 + 26-9




THE SPECTROSCOPIC BINARY ¢: TAURI.

73

=
MEASURES OF 6 TAURI.—Continued.
4716 4733 4739 4760 4780 4788 4792
A -
Vel Wwif Vel Wt] Vel Wt} Vel Wt] Vel Wt} Vel Wwt] Vel Wt.
4584-018 J+ 845 $)............ Lan-26] A kL] L4+ 44-98) b...... ... + 66-38[ %
4572-156 |+ 21-92| 1§+ 3292 i]....... 4 4861 Q4 7807 |........ ... 0eaen St
35l it MR Ll SR i (e e [ R il ATy ...+ 50-48| % |+ 72-28| %
4549.766 |+ 35-88/ 1 [+ 40-28/ 1 [+ 45-09 3 [+ 57-20] % |+ 58-69] 3 j+ 56-31 i1+ 61-36| 1
4534-139 |J........|.... + 53-10| % |+ 41-48| % |+ 50-88 &+ 71-86| %1+ 73-09| % |4+ 73-05 %
4481-400 |+ 53-34| 13 |+ 46-51| 1 |4 48-49 13 |+ 69-40f 3 }+ 65-46 31+ 74.59) 14 76-94] 1
4455-116 |........].... diEE o T [ e I R (e + 73-86| 4+ 58-60f i[.......
4415-293 f........|.... + 26-48/ 1 I+ 51-36| %+ 7791 &Q........ 14+ 43.21) %]+ 41-96) %
4395-201 |+ 32-12/1 [........ S 12 ol e S RO R) LI S ] R, R ] (o EAd L, T A | i
4351-930 |4 54-73[ 1 }........].... + 5998/ 1 f........].... U AT A T R + 56-48| 1
4340-634 |+ 37-83| 1 }|........ <] B W o (R ST S S I S | S o + 73-47| %
4325-939 |+ 29-52[ 1 f.......feee ] eieiiiiee foieneienfeen + 56-45 %)........[.... + 51-87| %
Weighted
mean -+ 38-59 + 37.99 + 49-35 + 62-15 + 66-88 + 60-71 4 63-67
Va — 4.03 — 10-70 — 13-54 — 20-41 ~ 21-18 — 21-49 — 22-60
\Z + 0.-07 - 0.27 - 0-17 -~ 0-07 - 0-14 + 0-11 - 0-05
Curv. - 0-28 - 0-28 -~ 0-28 — 0-28 - 0-28 - 0-28 — 0-28
Radial
Velocity + 34.2 + 26-7 4+ 35-4 4 41-4 + 45-3 4 39-1 + 40-7
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MEASURES OF @ TAURIL—Continued.
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MEASURES OF 6 TAURL—Continued.

5250 5251 5253 5254 5259 5260 5892
A i
Vel. | WtJ Vel. |[Wt] Vel Wtf Vel. |[Wt] Vel Wt Vel Wt] Vel Wt.
4549-766 |+ 32.01) 3 |+ 24.93| 3 |+ 32-01) 1 |+ 20-69 1 §+ 31-22| 1 }+ 19-34 .1 + 92-10| 1
4534-939 1........].... + 46-76| 3 |+ 34-34/ 1 |4+ 19-81{ 1 }4 39-70 i1+ 30-39] 3§ [+111-00{ %
4501-448 |+ 8-70| 3 |+ 13-31) 1 |+ 20-81] 3 |+ 44-49 14+ 41-76] 30 ....... ... + 88-84| %
4481-400 |+ 30-39 1 |+ 43-78/ 1 |+ 36-76| 1% §+ 33-43| 2 |+ 45.69| 1 |+ 32-93| 1} |+ 91.78| 1
14404.927 |+ 21-30] 3 |+ 27-13| 1 |4 8-84 &L ......[.... + 39-38| F Q1+ 24:59 }).......0..-.
4305200 B i a L e ol e WIES shb 175830 T Bk o ofeea + 46-70( 1 f+ 26-85[ 3[...... ols
4351-930 |+ 16-80{ % 1........|.... 4 32-69 3L....... J+ 36-53] 3 |+ 20-90( %1........|....
4340-634 |+ 35-30] 3 |4+ 23-72| 1 |+ 20-25] § |+ 32-76 31+ 3879 314 35-30] 4 |+ 85-38| 2
4325-939 {........ e oA sl e ol s ek sl oror g oy el s e L ;[ S oW+ 79-750 1
Weighted
mean + 22-13 + 28.76 + 27.72 4+ 29-20 + 40-31 + 27-55 + 88:20
Ve + 19-68 + 19-67 + 17.75 + 17-74 4+ 16-51 4+ 16-50 — 24-40
Va - 0-10 - 0-15 + 0-28 + 0-21 + 0-14 + 0.07 - 0-08
Curv. - 0-28 - 0-28 — 0-28 - 0-28 -~ 0:28 - 0-28 — 0-28
Radial
Velocity + 41-4 4 48.0 + 45-5 + 46-9 + 56-7 + 43-9 + 63-4
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MEASURES OF 6 TAURI.—Concluded.

5902 5903 5904 5905 5914
A —
Vel. | Wt Vel. |Wt.| Vel. |Wt| Vel. [Wt.| Vel. |[Wt.| Vel.] Wt.| Vel. | Wt.
4584-018 |+ 82-38] 1 |........ .... + 83-95| % |4 68-57] 3|4+ 49-38] d ... ... eeeniil]lnn.
4572-156 |+ 82-70] 1 |........ 5 + 62-84] % |4 53-41) 1 |........ o LIRSl 2. ST L] et i
4563-939 |4-102-95! %1 {4+ 88-72| 1 {4+104-82( 1 {4 65-30{ 1 |4+ 67-000 4 !......1......0.......
4549-766 |4-104-55| 1 |4 99-00] % |+ 98-66| % (4 66-13| % |4+ 73-42] % |......0.ccccifereenaa]innn
4534139 |........|.... +4-115-05| % cesaee s e 67821 i A BT A s i SR R
4481-400 |4105-90f 1 |4+107-80{ % |+ 94:38 % [+ 73-08] % |+ 64-60{ 1 |......|J......0cc.iifennn
4468663 S-113-88] & vl cdve s daals e T Bl e e M R e e R
4340-634 |........|. s L= et e R R PR PRI S o T -5 Er - SR8 | SRR TR R S
4325 -080 14 S84 AOh ke £ L Blalaw T sl s e R L o AR TR Telaile Bl e ‘
Weighted
mean +100-14 +103-67 + 91-10 4 65.-77 A= B8 | s IR e U e
Va — 25-53 — 27-04 - 27-47 — 27-85 el - < 1 b [ e S P bR T
Va - 0-14 - 0-21 — 0-14 - 0-04 ol 15 |1k DRIRTR Rl Rl S s
Curv. — 0-28 - 0-28 - 0.28 -~ 0-28 et PG R S T TR | SRR ey,
Radial
Velocity + 74-2 + 76-1 + 63-2 4 37-6 ] g e ] R R oy B .

A summary of the previous
bearing on this later determination will now be given.
necessary to carry through three least-squares solutions of the orbit.

work on the orbit, which has considerable
It was found

In

the first one of these, a correction for the period was introduced but when
this correction was carried forward to the Lick and Yerkes observations it
was found to be quite inapplicable. Consequently the périod was determined
as closely as possible from a comparison of the early with the Ottawa
values and the coefficient for this correction omitted from the later solutions.

The second solution resulted in such a large increase of K and
consequent rise of the positive maximum velocity above any observed
inddmissible. This was undoubtedly due to the

absence of any Ottawa observations near the peak of the curve, which is

values as again to be

of course very sharp when the eccentricity is 0:7. For the third solution,
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therefore, one Lick observation of +80 km., and one Yerkes of +88 km.,
taken on the same day, Sept.8, 1908, very near the maximum, were combined

into an additional normal place and incorporated into the observation

equations, and the resulting solution was satisfactory. These different
solutions are given here:—
3rd Solution | 3rd Solution
1st dst 2nd 2nd 3rd (without Lick| (with Lick
Element. Preliminary.|{ Solution. | Preliminary.| Solution. | Preliminary.|and Yerkes | and Yerkes
Observations) |Observations)
Period 141.0 141-487 140-50 140-50 140-50 140-50 140-50
e 0-65 0-699 065 0-758 0-70 0-772 0-694
K 25-0 26-59 27-0 . 33-76 32-0 37-99 29.128
@ 45°-0 47°.43 50°-0 39°-09 45°.0 38°-22 48°.57
T 51-0 51-075 56-33 54-876 55-74 55.207 56-12
¥ +41-51 +42.17 +42-72 +43-60 +43-16 |+ 43.713 | + 42-90
Max. Vel. +78-0 +81-3¢ . | +81-0 +97-22 +91-0 +104-7 + 85-40
Min. Vel. +28-0 +28-16 +27-0 +29-70 +27-0 + 28.7 & 27-14
The curious behaviour of these elements in the successive solutions is

due to the preliminary elements in each case being not sufficiently close
approximations to allow the second order differentials to be neglected, and
also to the fact, and this also influenced the choice of the preliminary
values, that there were no observations near the peak of the curve while
the others were so situated as. to abnormally influence the least-squares
solutionsf. However it was not felt desirable, as was done in the 3rd
solution, to combine the Ottawa measures with those from other observatories,
especially in-view of the high residuals given by some of the latter; and
it was decided to secure further observations here, around the peak and on
the descending branch of the curve, to enable a more accurate period and
more consistent and homogeneous elements to be determined. Further, the
question of a second spectrum shown by two of the Yerkes and also possibly
on some Ottawa plates should, if possible, be settled.

The first series of additional plates in October, 1912, was, through an
oversight, unfortunately taken at the wrong time, and it was not until
January, 1914, that plates at the proper epoch were obtained. @When
these measures were combined with the earlier ones, it was at once seen
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that the previous period of 140-50 days obtained from comparison of the
Ottawa and earlier observations was not exact, but that it would have to be
increased about 0-2 day. Observations 7 periods apart, at approximately the
same place on the very steep descending branch, enabled the period to be
determined quite accurately as 140-70 days. With this period all the
observations were combined into 18 normal places, each plate being
arbitrarily weighted according to its general quality and the number of
lines measured. The weighted velocities and phases of these normal places
are given in the accompanying table, the initial epoch T, being taken as
Julian Day 2,418,000.

The number and position of these normal places were so chosen and,
at the same time, the extreme range of phase in any one of them was
relatively so small, that they satisfactorily represent all the observations.
Their weights are submultiples of the sums of the weight of the plates
therein, so taken for convenience of the least-squares solutions, that the
maximum weight is unity. The residuals are those determined from the

final elements.
NORMAL PLACES.

Residual Residual
No. Wt. Phase Velocity 0-C. No. | Wt. Phase Velocity 0C. ~
1 1 5-37 + 44.84 + 1-26 10 | % 58-05 + 37-87 — 4-00
2 1 1275 47-10 + 112 1 § 64-35 28.76 + 0-88
3 3 23.24 50-15 — 0.07 12 70-12 26-90 + 0-01
4 1 34-81 58-20 + 0.93 13 80-69 33.50 + 4.99
5 $ 44.15 68-20 + 0.57 14 % 87-20 35-04 + 5-17
6 3 48.05 74-20 — 0-54 15 | 2 94-83 33-87 + 2-36
7 1 53-12 76-10 — 3.33 16 | 4 111.28 29-98 - 504
8 ,;, 54-49 70-70 - 1.07 17 | % 125-55 33-63 — 4.58
9 56-26 62-70 + 7-26 18 | % 133-39 40-08 - 0-04

N

When the normal places were plotted on cross-section paper, preliminary

elements suiting the velocity curve fairly well were, with the experience
gained in the previous determination, soon obtained by the aid of Dr.
King’s graphical method.*

*Report of Chief Astronomer 1908, p. 329 and Astrophysical Journal XXVII p. 125.
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The values adopted were:

Period =140-70 days

e = 0.7
w =5b°
K = 26-25 km,

T =J. D. 2,418,054-80
y =-+42.21 km.

Observation equations for each of the 18 normal places were formed

from these

elements

by Schlesinger’s

convenient method.*

In these

observation equations the numbering begins from the time of periastron

instead of from T, as in the normal places, or No. 1 here is No. 9 in

the normal places.

OBSERVATION EQUATIONS.

No. Weight r x T € T 1%
{2 AURASIE ISP INE. 1 1-000 + -110 + -994 + -562 + -895 + 7-06
2HIEES St iy T } 1-000 — -376 + 027 + -837 + 611 — 4.88
S oot = L s B o 2 1-000 — 048 + 317 + 248 + -010 + 1-01
AT e ) % 1.000 —1-000 ~ 010 — -006 — -001 + 0.40
BRI o i 1 1000 ~ 044 — 330 - 125 — -021 + 5-62
(A SR sl 2 1.000 — -893 ~ 451 — -133 — 023 + 5-81
Zar. 3 1-000 — -830 — 558 - 122 — -023 + 3.01
B e Sy 1-000 — 694 - 720 — -066 — 024 — 4.49
(AT N S R, 3 1-000 ~ -570 — 822 + -002 — 025 — 4.10
1) B e s ) 1-000 — 496 — 868 + 045 — 028 + 0-41
1 Ve AR ey o o 1 1-000 — -361 — -932 + -139 — 034 + 1-61
TU o e i e 1 1-000 — .268 — 963 + -195 — -039 + 1.42
b s, AR L ¥ 1.000 — -103 — -995 + -303 — 052 + 0-10
(08 o e e ol 1 1-000 + -168 — 986 + 471 — 086 + 1-03
e e % 1-000 + -558 — -830 + -612 — 160 + 0-7
TOTIR s i £ s 3 1-000 + -810 — 586 + -526 — -198 + 0-13
1T s e BUE R 3 1-000 4 -925 + 379 — 240 + -332 - 1-03
TE e e R e . 1-000 + 659 + 752 — 099 + 747 + 0-57

In these observation equations according to Schlesinger’s notation,
I =¢y+e-cosw-K+K  -cosw-6¢—K -e-sln w- éw

- 8T =9-3025T

k =8K
T =—Kbéw=—225 dw
2.91
e = — K. ——,0e=—113-758¢
1-¢€
o~ 1+e 1
T =Ku 1—-¢ 1-¢€

*Publications Allegheny Observatory I, p. 33
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The resulting normal equations are:

7-759r— 2.356xk — 4-0367 4+ 1-659¢ + -3167

+ 2-682«x + 1-0197 + -094¢ — -0277 =
+ 5-0787 — -480¢ + -8567 =

+ 1:013¢ -+ -2457 =

+ 481r =

The solution of these equations gives the following

unknowns:
k = -+ 8711 whence 6K
r = -4 -3865 v dw
e = — 1-927 £ de
r = — -.7156 % oT
T = + 1-207 " oy

oo

v

-87
844
-0169
-0769
-381

+ 2-329
- 276
— 1-709
- 227
- 127

values of the

These corrections result in the following values for the elements with

the derived values of the probable errors.

FINAL ELEMENTS

Period, P=140-70 days
Eccentricity, e=0-717 + -022

Zpw is reduced from 75-04 to
72-87, showing that the preliminary values were very close to the final
ones. This is also indicated by the smallness of the differences between
the values obtained by substituting in the observation equations and those
obtained from the ephemeris from the corrected elements.

Longitude of Apse, w=>54°-16 + 4°-35

Semi-Amplitude, K=27-12 km. + 1:44 km.

Periastron Passage, T=J. D. 2,418,054-723 + 0-520 day
Velocity of System, y= + 42-59 km.

Maximum Velocity= + 81:10
Minimum Velocity= 4+ 26-86

Projected length semi-axis major, a sin t= 37,471,000.

The comparatively high values of the probable error of the elements
is due principally to the abnormal deviations between phases 70 and 134
from the velocity curve drawn from these elements and shown in full line
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in the accompanying figure. These deviations, which will be more fully
discussed later, make the probable error of a normal place of unit weight
and consequently the probable errors of the elements nearly double what
they would otherwise be.

From a carefully drawn curve on a large scale, the residuals from the
observations were obtained and are given in the last column but one of the
table of observations. From these residuals, the probable error of a single
Ottawa plate comes out as +3:6 km. per second. It will be of interest
to compare the probable errors for the different dispersions used and these
are given herewith. '

[+]
A per mm. at No. of Probable Error
Spectrograph H v Plates 3 Single Plate
o Lok pib i e Al o Ten e D I S e T R SRS 33-4 45 3-7
o2 1 T P e el L T 20-2 3} o
i L[S HEA Sk S MRS R D BT SR el 3 ) 17-6 11
7 B2 ) DR e St IR E SEER S et PP Aok 10-1 9 3:9

There is very little difference in the accuracy of measurement. with-
the different dispersions, the advantage seeming to lie with the three-prism
dispersion and short camera. The .advantage of increased linear scale is
offset evidently by increased diffuseness of the lines. Considering the
character of the spectrum and the presence of some abnormal effect the
accuracy may be considered satisfactory. -

In the velocity curve drawn from these elements the normal places
are represented by circles. -It will be seen that, considering the diffuse
character of the spectrum lines, the agreement is quite satisfactory excepting
between phases 70 and 134 where there is a marked double hump. As
the five normal places in this region have on the average four plates each
it is evident that this deviation must be considered to have a probable
objective existence. It is impossible to give a definite cause for this
abnormal effect. As its period is approximately half the main period and
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as there seems to be a continuance of this effect further along the velocity
curve, one apparent explanation would be a secondary disturbance of half
the period of the binary. Although such an effect does not admit of any
'probable physical explanation, it was thought worth while to determine the
elements of the orbit on this supposition. Assuming suitable preliminary
elements and carrying through a least-squares solution, adding terms for the
amplitude and phase of a simple sine curve superposed on the velocity
‘curve, the following elements were obtained.

Periods, 140-70 days and 70-35 days

Eccentricity, e=0-711

Longitude of Apse, w=250°-80

Semi-Amplitude Primary, K=29-03 km.

Periastron Passage, T=J. D. 2,418,054-641

Velocity of System, y=+442-63 km.

Semi-Amplitude Secondary, K=3:57 km.

Phase Ascending Node Secondary=J. D. 2,418,067-42
Maximum Velocity Primary 84:-71 Combined 81-1
Minimum Velocity Primary 26-65 Combined 27-0.

The compound curve is shown in dotted lines in the figure, and it is
quite evident that it does not represent the observations much, if any,
more satisfactorily than the simple curve for, while the agreement is better
between phases 80 and 130, it is poorer at other parts. The average
plate residual is only reduced about 5 per cent. by the introduction of the
secondary. One possible explanation of the deviations is the presence of
the spectrum of the companion to the principal star and the displacement
of the measured velocities towards the 4 line by the blend effect of the
two spectra. It is difficult to see how such a blend effect can cause
deviations of the peculiar character shown here, as the curve goes through'
a complete cycle below the v line and exhibits no evidence of blending
above this line. Yet Harper’s orbit of 8 Aquilae*, a binary whose elements
are quite similar to those of 6* Tauri, shows similar deviations below the

v line though not so strongly marked as here. In “the case of 6 Aquilae
*Journal R.A.S.C. ITI p. 87, Mar-Apr., 1909.
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it was later shown that this was probably due to the presence of a second
spectrum with the resultant blend effect. The inference is that the second
spectrum is present in 6 Tauri, but as yet no reasonable evidence to that
effect has been secured. On two of the early plates obtained at Yerkes,
the second spectrum was measured, and on four obtained here some apparent
doubling was observed. The results at Yerkes and the attempted measures
here, given in the last column of the table of measures, all bring the
secondary spectrum in impossible positions. For example, the secondary
velocity in one plate and the primary velocity in the other plate at Yerkes
fall within two or three kilometres of the v line, while the velocities of
primary and secondary in every suspected case here are in equally impossible
relative positions. Furthermore, later trials on these suspected plates found
me unable to repeat my measures and I strongly doubt the reality of the
doubling. As previously stated, plates have been especially secured here,
with three different dispersions, near the maximum positive velocity
when the doubling should be most pronounced but in no case can doubled
lines be definitely seen and while there is possibly a second spectrum present
the lines are so broad, diffuse, and lacking in contrast, that I doubt whether
p(;sitive evidence either way can be obtained.

Other reasons may be cited for suspecting abnormal conditions in this
star. The large residuals from the orbit of some of the plates obtained
at the Lick and Yerkes observatories, the average residual being 8-4 as
compared with 4-1 km. at Ottawa, are much greater than can be explained
by the poor character of the spectrum or by the choice of different lines
with different wave-lengths for measurements. Another reason is to be
found in the difference between the velocity of the system obtained here
442-6 km. per second and that obtained from its stream motion +39-2.
6> Tauri is of special interest as being one of the moving stream in Taurus
described by Prof. Boss.* His computed radial velocity for 62 Tauri is
40-5 km. per second, 2-1 km. less than the Ottawa value. His velocity
is based on Kustner’s determination of the radial motion of three other
stars of the group. ~ In a later discussion of the Taurus stream by Wilsont,

* Astronomical Journal XXVI, p. 31.
t Popular Astronomy XX, p. 359.
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in which the computed values are based on the radial velocities of 8 stars
of the stream determined by Campbell and hence of much greater weight,
the velocity of 62 Tauri comes out at 39-2 or 3:4 km. smaller than the
Ottawa value.

It seems ;oo me probable, therefore, that the Ottawa value is over
3 km. too high and though it is possible to explain this systematic
difference by incorrect identifications or wave-lengths it is more likely due to
some cause which may be also operative in producing the curious humps
in the curve and causing the early observations to have such unreasonably

large residualg.

It is of interest to interpolate here that if Boss’s value of the proper
motion and of the distance of the convergent be accepted, the value of
the parallax of 6:Tauri is 07-023 equivalent to a light journey of about
140 years.

The similarity between the velocity curve of ¢° Tauri and that of the
Cepheid variable W Sagitarii* is quite marked, the deviations from simple
elliptic motion occurring in exactly the same relative positions in the orbits
and being of approximately equal relative magnitudes. Moreover, except
in the longer period and higher eccentricity, the elements are quite similar .
and it may be that the abnormal effects are produced by the same causes.
Although the variation must be small it is possible that accurate photo-
metric observations might show 62Tauri to be a variable star and it
would be of interest to have this tested. Although it is possible that a
better orbit would be obtained if a considerable number of additional
spectra. were secured, the character of the spectrum lines is such as to
render this additional work of doubtful value.

Dominion Observatory,
Ottawa,
February, 1915.

* Astrophysical Journal XX, p. 172,
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ORBIT OF «» CASSIOPEIA.

BY REYNOLD K. YOUNG, Ph.D.

The binary character of  Cassiopeie (x=1"49".0, &=+168°1¥,
1910, mag. 5-2, type B9) was announced by Adams in 1912.* Fifty two
spectrograms, taken at this observatory during 1913, 1914, 1915, have been
used in determining the orbit.

The general features of the spectrum may be judged from Table I
which contains in order the elements, the wave-lengths used, the residuals,
and the number of times each line was measured. The residual for any
line is the mean (algebraic or arithmetic) of all the residuals for that
line. The separate residuals are found by substracting the velocity as
given by the plate from the velocity as given by the line.

*Astrophysical Journal, vol. 35, p. 172.

TABLE 1.

Algebraic Arithmetic Number of
Element Wave-Length Residual Residual times
measured

S e it e o e o oo B Saot tibra s 3933 -869 — 0-1km. 3-4 km, 44
Caloium...,........... =03 0 e b T 3068-625 + 5-6 km. 7-2 km, 3
L o 5 Sl o a0 90 A ot Bac s D S A 4026-352 + 1.2 km. 7-1 km, 30
05 B700 1457 40 e P e 4101-890 — 0-1 km. 5-5 km, Sk
o S T e A A G S O e b S Ao s S e 4128.211 + 1.6 km. 5.3 km. 24
T L R Tt S 4131-047 0-0 km. 5-5 km. 21
(BT 053 Wi B s e b B B Sl o e S T o 4267-3 — 5.8 km. 5-8 Fm, 2
3 B T 25 Tt e o R R i R 4340-634 0-0 km. 4.6 km. 47
LS P T o0 s o o B A0 o SR Ay s SN 4388-100 — 4.1 km. 7-6 km. A
15 G A el b o0 o A b oo G A T i 4471-676 — 1.0 km. 6-9 km, 30
Magnesivnm o o S S s S el wha ek o e 4481-400 + 0-6 km, 4.0 km., 46

76783—13%
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TABLE II.

MT. WILSON AND YERKES OBSERVATIONS.

Observatory Julian Date Phase Velocity 0-C.
Yerkeassn .ol st s ime s s S e 2,418,570-78 32-60 -~ 35 + 4:6
VL WHLSOR Ao =i, Tatesetote o folotel) S lose ) ocs e ther s 9,023-65 65-95 + 12 + 1.8
MEEWilRONL . . 5 e 2 eeyootore o lofszens o o 9,055-78 28-16 — 46 - 20
35 T T O B Bl ot s sy s B 9,0566-77 29-15 ~ 44 - 07
Y erKen T i s L e e s e e e 9,267-84 30-46 - 28 +14.0
IV erkes Zomiiov A B et T DL T ety 9,361-51 54-21 - 7 - 2-4
D 1o Pn e pe e B L A S R 9,366-58 59-28 - 1 — 6-5
MUWilsonaa Uh L vl s LAl S 9,410-71 33.49 — 41 — 25
TABLE III.
OTTAWA OBSERVATIONS OF w CASSIOPELZA.
Plate Observer* Date Julian Date Phase Velocity Weight 0-C.
1913

5725 Y Sept. 30...... 2,420,041-81 35-31 — 39-4 2% — 14

5759 Y ottt . e 048-80 42.30 — 29.5 23 -~ 0-9

5780 P Qotis 13 054-80 | 48-30 - 24-7 3% - 6:2

5801 Y Nov: 8....0.- 078-56 2-14 — 4.6 13 4 5.4

5811 C Dec. 8...... 110-63 34-21 — 35-6 1 + 3.4

5830 P LB e 119-63 43-21 — 42.2 1 -15-2

5845 P1 Dec. 22...... 124.69 48.27 — 24.8 3 - 6-3

5863 P Pec. . B1.....- 133-65 57-23 - 56 3 - 51

1914

5869 Y AT D e e -134-54 58-12 - 27 2 - 4-0

5879 P JHREE S N 318-65 62-23 + 8:5 13 -~ 0:8

5913 Y Feb., b...... 169-56 23-21 — 47-0 2} + 1-0

5932 H Feb. 12...... 176-66 30-32 — 38-4 13 .+ 4.7

5938 e Pebi. 1600, - 179-53 33-19 — 45-5 13 - 5-4

5971 Y IVl 5 S 197.54 51-20 — 27-4 13 —14-4

5972 iV Mar. 11...... 203-52 57-17 -~ b5-5 2 - 4.9

5984 Y Mar: 19...... 211-52 65-18 + 6.0 3 4.3

6294 Y A, =21E 366-82 10-72 — 47-9 3 - 8-3

6303 C Aug. 24...... 369-80 13-70 — 46-9 23 - 10

6316 C AR 2000 0 371-87 15-77 — 49-4 13 - 1.8

6321 Y Angs 27: ... 372-85 16-75 - 54-3 2 - 6.2

6378 Y8 Sept. 15...... 391-67 35-57 — 411 3% - 34

6410 ¥ Sept. 20...... 396-71 40-61 - 21-1 3 +10-0

6423 Y Sept. 22...... 398-65 42-55 28-2 31 0-0

6430 G Sept. 25...... 401-86 45-76 — 26-7 23 — 4.0

6434 Y ° [Sept. 27...... 403-83 47.63 — 13-6 4 + 6-0

6448 G-C Sept. 30...... 406-73 50-63 - 2.1 2 +11-9

6458 Y Gt = gl 407.76 51-66 — 14.0 3% - 1.9

6467 C Oct. 2...... 408-69 52-59 — 11.8 3 -~ 1-5

6481 Y Oet. 4.k 410-70 54-60 + 3.5 23 + 9-3

6488 Y Oct. 11...... 417-85 61-75 + 11-9 3% + 3-7
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TABLE III

OTTAWA OBSERVATIONS OF w CASSIOPEIZ—Continued.

Plate Observer* Date Julian Date Phasge Velocity - Weight
1914
6500 Y-H Oct. 13...... 2,420,419-75 63-65 + 9-9 1} - 0:2
6506 iYe Oct. 20...... 426-67 0-65 - 05 33 + 2.5
6516 P Oct. 21...... 427-82 1-80 — 15-6 4 -~ 6-8
6536 C Oct. 28...... 434-80 8.78 - 27:1 31 + 9-4
6539 iy Gct. V3L . 437-84 11-81 — 4.9 2 - 14
6545 C Nov, 2...... 439-78 13-76 — 43.7 3 + 2.3
6552 H Navt 8ot ot 440-72 14.70 — 49.4 13 — 2.5
6651 iy Dec. [ 22, 00 489-55 63-53 -+ 12-2 3 + 2-2
6656 P-C Pec.' 28.... . 49058 64-56 -+ 15-9 2 + 5.6
6660 H-Y Dee. |25, (... 492.62 66-60 + 13-4 2 + 4.3
6665 Y Dec. 30...... 497.61 1-66 — 4.8 5 + 3-2
6672 X Deci B1...... 498.66 2-72 - 19-1 33 - 6-1
1915
6678 P Jan Sacds! ek 502-63 6-69 — 25-1 2% + 4.9
6686 Y Jan: 8 54, e ik 503-61 7-67 — 350 2 - 16
6700 Y Jan. 10y, 0l 508-50 12-56 — 46.7 3 - 21
6708 Y Jan. 1200000, 510-60 14-65 — 48-8 3 — 20
6717 Y Jan. 16...... 514-46 18-52 — 450 2 + 3.7
6718 Y Jan. 19...... 517-66 21-72 — 50-9 2 — 24
6720 C Jan. 20...... 518-61 22-67 — 55-7 1 -~ 75
6729 Y gan; M2 = 0 i 522-47 26-5 — 40-1 3 + 6.7
6739 Y Jan: 28, .0, 524-46 28.52 — 41.2 3% + 3.5
6741 P Jan. 27...... 525-53 29-59 — 43-1 33 -+ 0.7

*P =Plaskett; Pt=Parker; C=Cannon; H=Harper; G=Gibson; Y =Young.
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\
MEASURES OF w CASSIOPELZE.
5725 5759 5780 5801 5811 5830 5845
X L
Vel |[Wt Vel |[Wt| Vel. |Wt] Vel. |Wt] Vel. |Wt] Vel |wtl vel. |wt.
3033.8690 | — 51-00 3] — 379 3| -522 30.......0.... —29-3 3| - 264 2|~ 167 %
4026-352 | — 586 3| —40-1| 4| —50-5| 3| — 72 | -382 2| -209 2].......0...
4101-800 |........|.. 0 A8 =221 4] - 19 % T (R STl il W
4128-211 | — 42-7| 3| — 204/ 3| — 334 3}.......
431047 N — 400 Fh ] = oazaal: Flew . Bl i o U e ol ek SN s R A0l
AR ol e sl BE e e RS, e R ) T [ ileglingt e (ST s
4340-634 | — 55.9) 2 1........|. — 254 5] — 46/ 3| — 248 ] —432 31|- 94 1
4388100 8. .. 1. Lo 5 O =g asbustalies - dd Rl i e Rt B, e T M
4471676 | — 528 3| — 41-3 | — 114 2}|........|....} L e ok e S AT
4481-400 | — 56-9] %] — 398 2| -~ 433 1| - 166/ %]........ ) IS £ RS 0T T e
Weighted
mean — 531 — 41.7 — 35-4 — 86 — 29-2 —~. 331 - 14.2
Ve + 14-02 + 12:-50 + 11-06 + 422 — 6-08 — 879 - 10-21
Va - 0-03 ~ 0-04 - 0-07 + 0-04 — 005 — 005 — 0-10
Curv. — 0.28 — 0-28 — 0-28 - 0-28 - 0.28 — 0-28 - 0-28
Radial
Velocity — 39.4 — 295 — 24.7 — 4.6 — 356 — 42.2 — 24.8
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MEASURES OF w CASSIOPEIZE—Continued.

5863 5869 5879 5913 5932 5938 5971
A =5
Vel. |Wtf Vel. (Wt] Vel |Wt] Vel. | Wt] Vel. | Wi) Vel. | Wtd Vel | Wt
3933-869 §} — 3:3] ]+ 9.0 3]+ 189 })........ .. st == Orylis e S R + 4-1] %
coplinein i | S i e LRSI | R0 AR TSR — 45-7 3} — 141 |- 74 3]-—- 79 %
4101-890 | + 1220 }R .o el — 291 31 —16-3] :§........... — B4
4128-211 3§ 4+ 77 30+ 77 2|+ 2400 3} —17-3] 3} — 126 L|.......f o feennii]onnn
AT R ol a7 R S T PR -SSR (SR S mit Lsmarne s [Uoe! |EEan e i 1Y Lo ol o
4340-634 | + 17-1] 1|+ 34 3] +250 3] —27-2 1| —374 :[....... .... o g SR
ah Lo T | RS RUSOTA L NS B EA SR A R SHEE RS E o i [ | ~ 4F5 LR .
47156767 Fi— 642 TE .. LB ] s i L ) [SHERRR e — 327 3] — 137 %
4481-400 | 4+ 114/ 1 | + 20-2] 3]+ 26-2] ]| — 26-4 %] — 226 3] — 299 4] — 26-4 1}
Weighted
mean + 7.4 + 10-40 + 22-6 — 28-3 ~ 19.4 — 26-5 - 92
Ve — 12-57 - 12.77 - 13-73 — 18-31 — 18-62 ~ 18.68 - 17-89
Va ~ 0-09 -~ 0-03 — 0-10 - 0-09 -~ 0-15 — 0.10 - 011
Curv. - 0-28 - 0-28 - 0-28 - 0-28 - 0.28 - 0-28 =~ 0-28
Radial
Velocity — 56 - 2.7 + 8.5 — 47-0 -~ 38-4 — 45.5 - 27.5
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MEASURES OF w CASSIOPEILA—Continued.
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MEASURES OF w CASSIOPEIZE—Continued.

6410 6423 6430 6434 6448 6458 6467
A o
Vel. | Wt] Vel. |Wt] Vel. |Wt] Vel. |Wt) Vel. |Wt] Vel. |[Wt] Vel. | Wt.
3933 -869 — 32.7| 3] — 438 %] — 335 4]~ 2391 — 14.7| %] - 3836 1] — 25-5/ 1
4026-352 | — 269 3| - 572 2|.......|.. I LA R RN ST BT SRS S
4101-890 — 34.4] 3| —353 4] —43-6] +] — 380 3] — 2500 ¥ — 29:4 Rf-......[....
4128-211 |........|.. ] —389-9 3] —-342 11 -256 Ff.......[..0....... FY R e
4131.047 | — a1.8 3| - 276/ 2]........|.. U LGNS e St T U Rl S TR
4340-634 — 43:9| 1 — 50-6| 3§ — 51-8 44— 25-91 — 9.0 %] — 28-1|1 — 3491
G I e SSRGS S IR [ gl =t s 1R i e SRNE TR ST ol DR e SNt s LR
4471-676 ........|.... — 446 3] —- 520 %§...-.. o ey R TR i e NI | RS o) Srin ) LA
4481-400 — 274 1] — 486/ §] — 387 %] — 3001 — 15:0f #L....... X - 21-21 1
Weighted
mean — 36-7 — 43-6 — 41-4 - 27-90 — 16-0 27-6 - 27-20
V. + 15-87 + 15-56 + 15-01 -+ 14-65 + 14-09 + 13-88 + 13-69
Va + 0-06 + 0-09 - 0.05 - 0:05 + 0-03 000 + 0-04
Curv. - 0-28 -~ 0-28 - 0-28 — 0-28 - 0-28 - 0-28 - 0.28
Radial
Velocity - 21-1 — 28.2 - 26-7 — 13:6 - 2.2 — 14-0 - 13-8
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MEASURES OF w CASSIOPEIZE—Continued.

6481 6488 6500 6506 6516 6536 6539
A = e
Vel. Wt] Vel Witl Vel Wit] Vel Wt.] Vel Wtf Vel Wt Vel. | Wt.
3933 -869 —11-2] 3§+ 3-8 3§ — 95| 1] — 451 = 20511 R .. Atee: MGl ioel A
it i e A N D (T T A o BTN, DRENY Al G ks R0 I =362 ‘S Elae it o
4026-352 — 9:-bl #4i.u. P e W o ey s e R S — 17-3] 3] — 4420 %)........]... 3
4101-890 — 83 31— 09 %§.......0.. — 56 $]—33-4-3}).......].... — 49.2| 3
4128-211 = 9.5 b 86 F B s G RETRINNRE. (R T SO V) MG R LTS SRR e S
P re L o g . AR SR SRR 8 T e LR g L EEY R
4340-634 —12-4 31 4 451 — 1.1 %} 191 (1 - 22-5| 1 — 29-3| 1 — 50-7| %
4471-676 [........ ol = T4l R E 288 b= 280l L — 30-9] %1........ %
4481-400 — 87 3+ 75 31+ 120 )+ T4 |- 2741 —~ 349 1 — 51-1 1
Weighted ]
mean - 9.6 + 0.7 + 1-1 - 9.5 — 24:20 — 33-7 — 50-6
Va + 13-25 - <+ 11-60 + 11-13 + 9.31 + 8:99 + 6-98 + 6-07
Va 4+ 0-03 - 0-09 - 0-02 + 0:03 - 009 — 0-09 - 0-11
Carv. - 0-28 - 0:28 - 0-28 .- 0.28 - 0-28 - 0:28 - 0.28
Radial
Velocity <+ 3.5 +11.9 + 9.9 - 05 — 15-6 - 271 — 44.9
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MEASURES OF w CASSIOPEIZE.—Continued.

43.7

6545 6552 6651 6656 6660 6665 6672
A 8!
Vel. | Wt] Vel Wt] Vel. |Wt] Vel. (Wt§ Vel. |Wt] Vel. | Wt] Vel. |Wt.
3933 -869 — 4700 31— 50-9] )4 11-4 2} 4+ 19-1) 3 )+ 20-8 334+ 311 - &7 1
3968-625 ........[.. A I L B R S e S L s e St R (B (TS 3
4026-352 — 48-5| 4] — 53-8 1}........ N A SR IS o R | 2 VA + 11-3| 4| — 14:8 %
4101-890 — 334 3| — 575 1]+ 28-0f ¥+ 2800 3]+ 252 3] — 0:9 %] - 56 %
4128-211 oSttt GO S B NP W] A TR | U [ e [T | ATIY NS A B R SR i
4131-047 |........|....} 7 B L0 s IS | BRI [T + 247 ¥4 19 3)...........
sl By R i B LA bal it LS | e ] 1 BN T [ MR il
4340-634 — 552 3] — 4500 ] 4+ 20-4 4| +30-6] 3} + 28-3| 3§+ 10-2/ 1 - 111
4471-676 < 45810 ) = 09:3) B 8360 R Li... Gl 4 624 PRl ...
4481 -400 — 49-8 3} —-66-00 1+ 25-7| ¥+ 288 3)........[.... 4+ 16-3| 1 — 10-0] 1
- Weighted ;
mean — 48.8 -~ 54-1 4 21.6 4+ 26.7 + 24.7 + 7.6 - 6-2
Va +4+ 5.48 4+ 5-19 — 10-11 — 10-40 - 10-99 — 12-20 - 12.49
Va — 0-10 - 0-04 0-00 — 0-03 - 0-06 + 0-04 — 0-10
Curv. - 0-28 - 0-28 ~ 0-28 - 0.28 - 0-28 ‘— 0-28 - 0.28
Radial
Velocity - — 49-4 + 11.2 — 16-0 + 13-4 - 4.8 - 19-1
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MEASURES OF w CASSIOPELZE.—Conlinued.

6678 6686 6700 6708 6717 6718 6720
A o=
Vel. |Wtf Vel. |Wt] Vel. [Wt] Vel. |Wt] Vel. |Wt] Vel. |Wt] Vel |Wit.
3933 -869 = 8] ik b L a e - 28-9| 1 — 337 34— 185 1] — 425 &}]...... % et
4026-352 ........ A 1R SR o S 4 . —19.00 3] -36:6/ 1] —323 i}L.......].
4101-890 = 02| 1 & }— 2080 TR e, L R ] (el R0 Tl e (8 NI | (EEE o 20
4128-211 |........|.. sl d et e — 46-7 3| —87-2( 3] — 353 ¥)........ {
4131.047 Eib gt T S 1D R A (RN Y (N - 29:6] 1)........|.. ..] — 354 %1}..... :
4340-634 - 1471 1 — 20-3j 1 — 3046 1k 2. sole... ] — 22:6] 3§ — 30:3 3| — 41-8 3
4471-676 = 167 R EE ] b — 30-8 %] — 44-8 %1]..... Rt AR ot TR B ) AR L
4481-400 }........]. ..]—-25-00 3] —31-3] 3] — 28-8 1 —~ 27-5| 3] — 25:0( 1] — 36-3] 3
Weighted :
mean — 11-4 - 21-1 — 31.7 ~ 33-3 — 28-9 — 34-3 — 39-0
Va ~ 13-32 — 13-55 — 14.72 — 15-13 — 15-84 —~ 16-36 — 16-52
Va - 0.09 - 0-08 - 0-02 - 0-10 0-00 0-00 - 011
Curv. -~ 0-28 -~ 0-28 - 0-28 - 0-28 - 0-28 - 0-28 - 028
Radial
Velocity ‘| — 25-1 — 35-0 — 46-7 — 48-8 — 45-0 — 50-9 — 55.7
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MEASURES OF « CASSIOPEIE.—Concluded.

6729 6739 6741
A e
vel, (Wt Vel. |wt] vel. |[wt] Vel |wWt] Vel |[Wt] Vel. | Wt.| Vel |Wt.
3033.860 | — 265 3] — 257 3| —-=2¢41)1 }.......[...).. POE: <DV <RI SRS CRRNRRN e
4026-352 | — 21.8 3]........ T e e L e B L ] e
4101-800 |........|.. S gl g B Srarall 1S Gl on b in N e ] I L
atogia11 P = 17-20 2).......1.... i bt ] T I R TSI O O [ DR | ] e (S
S odm = poegl 14 et MEe T R Y o : T il e, S o
TSR MR o ] R R 7 5 O] e e N RO SR S Ol
4388.100 |........|.. il e b [ SRl AR el e R DS RINR er  | . f
CE T et ) Ebdur o R paginnii B ol R Ui e ] e et B UGN TR AR 2
i donii IRt ot dl s Rog o0 (iR ea gl SR e I R e el e e £
Weighted [
mean - 22.7 — 23-6 -~ 25.3 3 g N ST SOSITs (i PR S S S o Ha
Va - 17-10 ~ 17.35 =TT e DI IS o =5 LRI e e it
Va — 0-08 — 0-01 ELL W e i s B ¢ BRI T, (e IR o A8
Curv. - 0-28 - 0-28 - 0-28 |...... LAl U It Al it S ol AP e s oA e
Radial
Velocity — 40.1 — 41.2 =Sl i T S L 1 (re e ey L
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A period was roughly determined from the Ottawa series of spectrograms

and this approximate period adjusted more carefully from eight plates taken
at the Mt. Wilson and Yerkes observatories (Table II).
separating the earliest and the most recent plates is thirty periods. With
the period 69-92 days thus determined, the fifty-two plates taken here
were combined into thirteen normal places.

NORMAL PLACES.

The interval

Julian Day Phase Velocity | Weight 0-C o-C

Preliminary | Final

B e TR s L) 2,420,427-82 1-42 - 93 1-5 - 2.2 i 11
4 b 8 SR AR L RS 433.73 7-33 ~ 28.4 0-8 + 6-0 + 51
Quitin s e L) Aol <) 43852 12-12 — 46-1 1-3 0-0 - 1-6
VSl U W R 441-49 15-09 —~ 50-4 0-8 - 1.2 - 2.8
e AR TN A B 44755 21-15 — 487 0-7 +1-1 - 03
R | ERWE 454-56 2816 —~ 14 1-2 + 4.2 + 3.4°
saier N SRR 460-59 | .34-19 — 40-9 0-9 - 20 L'aig
" Rhee s TR R 468-19 41-79 - 278 1-0 + 0-4 + 0-8
RIS fnre s A 473-54 47-14 - 19-8 1.0 - 07 + 01
LR SR UG R AR 477-54 51-14 - 13-0 1-0 - 2.0 - 09
o i e R 482-80 56-40 - 2.4 1.0 - 2.6 AT
LR ST Sale) i 488-81 62-41 + 113 0-9 + 0-4 + 1.7
ol N e e 49146 65-06 + 10-9 0-7 - 08 + 0-6

lsfelim'inary elex;lénts ‘were- obtained graphically,

P =69-92 days

e =0-3
w =53°
K =31-1 km.

v =24-82 km.
T = 2,420426-4 J. D.

and a least-squares solution was carried through for all the elements save

F o



ORBIT OF w CASSIOPELAE. 101

OBSERVATION EQUATIONS.

z Y z P q —-n Weight.
B s d s o 1 + 0569 | + 0034 | — 1-161 | + 1-538 + 2.2 1-5
TR NEN RN 1 - 0307 | —1.260 | — 1.113 | + 1.007 - 6-0 0-8
o et SN TRPN 1 — 0685 | — 0471 | — 0740 | + 0-465 0-0 34
" L L 1 — 078 | +0-104 | — 0-498 | + 0-204 + 1.2 08
Bl Ut L 1 ~ 0805 | + 080 | — 0070 | — 0-104 . 0-7
A, oy LI 1 — 0659 | + 0954 | + 0304 [ — 0-280 — 4.2 1-2
Y O 1 — 0452 | + 0658 | + 0-535 | — 0-381 + 2.0 0-9
& RN ik — 0108 | — 0.022 | + 0-718 | — 0-494 - 0-4 1-0
e P TN 1 +0-18 | — 0566 | + 0760 | — 0-579 + 0.7 1-0
. ISR VS SRR 1 + 0443 | — 0920 | + 0-725 | — 0-643 + 20 1-0
BT ks n e s 1 + 0805 | — 0999 | + 0.541.| — 0-669 + 26 1-0
12... 1 +1-148 | + 0-083 | + 0.011 | — 0-312 - 04 0-9
NI PR 1 + 1-174 | + 0.806 | — 0-356 | + 0-170 + 0.8 0.7
where £ =dvy
y =6K
z =Kée
p =Kéw
Ku LS TR
S —e’)%aT -
NORMAL EQUATIONS.. ' y
12-800x + 0-506y — 1-054z — 0-689p -+ 0-648¢ + 0-550=0
+ 5-864y — 1-3842z + 0-372p — 0-126¢ + 9-124=0
+ 6-157z + 0-024p — 0-225¢ — 2-400=0
+ 6:297p — 6-127¢ + 3-414=0
+ 6-595¢ — 2-211=0
whence &y = 0-00 km.
0K = — 1-46 km.
e = 0-00
dw = — 8°-03
6T = — 0-38 day

The above corrections lowered Zpv? from 750 to 51-5 and agreement
between the residuals computed from the ephemeris and the observation
equations showed that further solutions would leave the elements unaltered.
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FINAL ELEMENTS.

P = 69-92 days

e = 0-30 + 0-024

‘w = 49°.97 + 4°.08

K = 29-64 km. + 0-73

v =— 24-8 km. + 0-10

T = 2,420,426-02 J. D. + 0-67
a sin 1= 27,190,000 km.
ﬂ'lvls sin3 i
T 0-164 ©

The individual observations were represented graphically and the residuals
are shown in Tables II and III. The probable error of a single plate, no
attention being given to the weight, is 2-8 km.

Dominion Observatory,
Ottawa,
February, 1915.
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ORBIT OF 136 TAURI

BY J. B. CANNON, M.A.

The variable radial velocity of the star was discovered by Mr. Lows
from the measurement of the second plate of a series of five, the results
of which are published in L.O.B. 199. The orbit determination given below
is based on 60 plates obtained here—the first on November 16, 1911, and
the last on January 15, 1915. The spectrum is of A-type. Two spectra
are visible, but so faintly on our plates that they were not considered
worth measuring. On four out of the five Lick plates, however, the second
component is measured, and on these alone is based the secondary curve
seen in the figure—*Velocity curve of 136 Tauri.”

The lines measured were as follows:—

TABLE 1.

Element. Wave-Length. Element Wave-Length
H 4861-527 H 4101-890
Fe 4549-766 H 3970-177
My 4481-400 Ca ’ 3968-625
H 4340-634 Ca 3933-825

A summary of the measures is given in Tables II and III. Table II
contains the Lick observations and Table III the Ottawa observations.
In each case the phase is from periastron and the residual from the final

curve. Measures in detail of the different plates follow Table III.
76842—2
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TABLE II.

LICK OBSERVATIONS.

Julian Date. Phase. 1 £ R Vs R
2,418,402-64 1-149 -21-0 o 28 Al e R T s ZrNAT
73966 3-889 + 3-8 + 1-0 -b61-7 - 25
945-03 0-340 —60-8 - 1.3 +434-0 - 7-0
950-02 5-329 —60-8 4+ 1.0 +49-3 + 53
952-99 2-329 +27-8 + 2-0 —~84-4 - 30
TABLE III.
OTTAWA OBSERVATIONS.
Plate. | Observer.* Date. Exposure. Julian Day. Phase. Velocity. Wwt. | 0-C
1911 m.
4697 H Nov. 16...... 75 2,419,357-820 1-269 -11-0 5 |+ 7-0
4718 C Dael” 000011 65 377-807 3-347 +22-6 3 - 0-4
1912 .
4840 H Feb. 13...... 70 446-589 0-508 —43-6 3 [+410-4
4851 H Feb. 20...... 103 453-670 1-619 +10-0 4 |+10-0
4860 (] Rebis (R Sl 70 461-642 3-621 +12-5 7 |- 18
4871 H Mar., 8.0 96 467-661 3-670 +10-4 5 |- 16
4885 C Mar. 13...... 75 475-554 5.593 —60-1 2 |+ 60
1913
5314 P Jan.  d20=. . 85 780-717 0-367 —47-8 6 |+10-7
5368 C Feb. 11...... 70 810-580 0-390 —45-8 6 |+12.2
5361 P Feb. 12.....: 75 811-630 1-439 - 75 6 |+ 16
5371 P Feb: 7.0, .5 75 816-612 0-451 —47-6 4 |4 84
5384 H Feb, 18...... 72 817-610 1-449 -~ 6-1 5 |+ 2-4
5393 C Feb, 24...... 75 823-640 1.509 — 6-2 5 |+ 10
5408 ) Feb. 28...... 75 827-592 ~5.461 —58-9 5 |+ 60
5417 C Mar, T.. ... 75 834-623 0-552 —42-9 2 |4+ 87
5434 H Mar. 12...... 109 839-603 5-532 —69-8 6 [— 96
5438 P Mar. 17-..... 100 844597 4.556 —29-3 2 [+ 1-0
5455 (] AL DT 70 867-545 3-634 +14-5 3 |+05
5468 P April 14...... 75 872-561 2-680 +42-3 6 |+11-7
5488 H April 17...... 75 875-548 5-667 -59-9 4 |4 6-9
5850 C Dec. 22...... 35 20,124-.814 4.233 —10-8 5 |4 3-2
1914
5936 P Feb. 14...... 60 178656 4.355 —14-6 5 |+ 55
5987 C Mar: 205 73 212-638 2.517 +17-2 5 |-12-0
6007 C April 3. ... 75 226-525 4.474 —28-6 7 |- 05
6014 C April 8.....¢ 73 228-540 0-519 —66-3 7 |[-12-8
6015 H Aptal =65 75 229-560 1.539 -17.2 5 [-13-2
6024 C April 10...... 82 233-538 5-511 —~72-0 5 |-70
6030 H Apral. 13 o~ 76 236 - 569 2.578 +28-1 5 |[-18
6032 C April 14...... 75 237-533 3.-542 +19-1 4 [+ 21
6035 P April. 17-.. ... 80 240-552 0-591 —68-0 4 |-17-6
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TABLE III.

OTTAWA OBSERVATIONS—Concluded.

Plate. | Observer.* Date. Exposure. Julian Day. Phase. Velocity. | Wt. | O-C
1914 m.
6040 P ApPrilE 22:- .. .. 100 2,420,245-549 5-588 —64-4 5 + 1.6
6046 H April 23...... 66 246-540 0-609 —~53-6 6 -~ 3.8
6053 C Mays X...... 70 254 -5569 2-658 +27-1 3 - 3.2
6396 Y Sept. 17...... 72 393-841 4-653 —38-5 6 - 35
6404 2 Sept, 18...... 75 394-894 5-706 —64:0 5 + 30
6420 C Sept. 21...... 75 397-894 2.727 +26-6 5 — 4.2
6431 G Sept. 25..... 75 401.911 0:-775 —42.2 4 0-0
6436 Y Sept. 27...... 50 403-927 2-801 +34-9 6 + 4-1
6444 C Sept. 28...... 70 404-913 3-787 + 6.7 6 — 1.3
6451 C Sept. 30...... 15 406-890 5-764 —70-3 5 - 33
6461 Y Gat.8 S 45 407.875 0-780 —39-1 6 + 2.0
6471 P Oeti k2.0 ok 50 408 -882 1-787 +15-4 5 + 9.9
6484 H Qet.i} 4.....: 60 410-867 3-772 +13-1 3 + 51
6490 Y Get: o1l . .. 56 417-929 4.788 ~33-1 7 + 8-0
6517 i) Qb § 210 50 75 427-878 2.876 +34.7 6 + 4.7
6538 C Oet. 4 285,58, 55 434-939 3-968 -12-4 6 |—11.7
6548 C INavaL; 2: .0 60 439-934 2-994 +26-8 5 - 2.9
6564 H NOV.& LRE 0% 60 454-924 0-077 —63.-4 6 + 2-8
6574 P Nov.223.... ... 70 460-872 0-056 —72-1 6 - 6-1
6594 P Dee. 4...... 130 471-840 5-055 ~55-1 4 - 2.6
6600 N 1 7Tl T SR 60 472-806 0052 -71-0 4 - 5.0
6607 H 15 A S 62 473-815 1-061 -~30-4 3 — 2.0
6633 H Dee. | 1500 66 482-939 4-216 —10-8 4 + 1.7
6642 P Dec- 010 ... . 85 483-946 5-223 -50-8 3 + 72
6653 Y Dec. 22...... 40 489-625 4.933 —57-5 3 - 9-5
6670 Y Deec. 30...... 45 497-717 1-087 —-32.7 7 - 5.0
6674 b Dec. 31...... 40 498-767 2.137 +19-6 6 - 1.0
1915
6695 P Jan. 8...... 85 506-794 4.195 — 8-3 5 + 3.7
6711 H Jan.- 12,0, 60 510-786 2:218 +14-5 5 - 78
6715 Pr Fant UTRL o 95 513-862 5-194 —~53-5 2 4 3-8
*H=Harper; C=Cannon; P=Plaskett; P'=Parker; _Y=Young; G=Gibson.

76842—2%
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PUBLICATIONS OF THE DOMINION OBSERVATORY.

MEASURES OF 136 TAURI.

4697 4718 4840 4851 4860 4871 4885
A ==
Vel. [(Wt.] Vel. |Wt] Vel. |Wt] Vel. [Wt] Vel. |Wt] Vel |[Wt] Vel. | Wi.
4861-527 1........|. | Sl S A R o AR R e i) 4 42-081 F LA A R
4519-706 1§+ 38<BB1 L L ... 30000k il i e URE E G A EE  e  SRR
4481-400 J— 46-79) i |4 28-82] 1|+ 7-65 %Y+ 62-73] 10+ 25-26] L |+ 42-200 %2 )........|....
4340-634 |— 14-23| % 1+ 11-92] 3 |— 9371 [+ 41-54] 3§+ 46-16/ 1 |+ 41.-54[ 1 |— 19.77| %
4101-890 |— 26-00] % |+ 23-11] +]— 22-34 3Q...........0.......|... g4+ 31-62) % |- 46-56) %
3033-825 |— 23-63] 3|+ 6-49) 11— 20-72| 1 |+ 31-53| 15 |4+ 42-52{ 1 |+ 40-52] % |— 26-92( 1
Weighted
mean — 26-62 + 16-45 - 17-49 4+ 37.22 + 40-67 + 40.-07 - 30-04
- A\ + 16-13 + 6-56 — 25-76 — 26-76 - 27-67 - 29-11 — 20-67
Vi - .18 - -1 - .06 ~ 20 e - -3 - 13
Curv. - .28 - 28 s F=1 = A8 ~ 28 - 28 - 28
Radial
Velocity - 11-0 + 22-6 — 43.6 + 10-0 + 12-5 + 10-4 - 60-1
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MEASURES OF 136 TAURI.—Continued.

5314 5368 5361 5371 5384 . 5384* 5393
A == o=
Vel Wt] Vel Wwt] Vel wt) Vel Wt.] Vel Wty Vel Wt) Vel Wt.
4549-766 |........ v (13 T g o N Bl [ S ....1+ 38-55| % f+ 34-02| % 1+ 29-96] %
4481-400 |— 29-58] % 3— 10-20| % |+ 20-14] } J— 3-44] % |+ 37-10 \% + 23-97] $}........
4340-634 |— 37-48| 3 |— 22-56] % |+ 17-82/ 1 |— 20-94] % |+ 22-44| 1 |+ 16-43] 1 }+ 28-81] %
4101-890 §— 29-37| %]........ oo 24-27) 3 §— 15-21) % §+ 13-39] # [+ 12-23| 3 {+ 10-50] 3
3970-177 |........ s e 20586 & Lk e JEAES 1 S e T Pt A S o e oo 19-61) %
3968-625 [........ vool|— 14:45) %)........ e = IS S | e PR 0 R b A LY T s
3933-825 |— 36-94/ 1 |— 29-29| %[+ 15-64/ 1 J— 31-12 1 |+ 16-56| 13 |+ 24-87 2 |+ 20-38/ 1

Weighted ]
mean — 34-58 — 20-93 -+ 17-82 — 20-94 + 21-90 + 19-48 + 20-97
V. — 12-80 — 24-59 — 24-89 — 26-22 —~ 26-46 - 26-46 - 271-75
Va e Lt B - 04 - 14 el cass — <09 = 1509 = 14
Curv. - .28 - -8 —ii) 28 - 28 - 28 - 28 - 28
Radial
Velocity — 47.8 — 45-8 - 75 — 47-6 - 49 - 73 - 6-2

*Check measures.
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MEASURES OF 136 TAURI.—Continued.

5408 5417 5434 5438 5455 5468 5488
A e -
Vel. |Wt] Vel. |Wt] Vel. |Wt] Vel. |Wt] Vel. |Wt] Vel. |Wtl! Vel | Wt.
4861-527 |— 42-72| %1........|.... — 3790, 1]- 23-13] % FER2T) P S R . BN ) B e
ABA0T00. .0 e 2, S TR e S 1470 310l £ize BRI Pt d 1 I £
4481-400 |- 21-29] 3 }).......|.... — 40-83) %0+ 27-41] 3|+ 18-100 3 |+ 74.97| 3 ]- 39-01] 2
4340-634 J§— 35-64] % J— 10-87| 1 |— 52-76| 31— 0-23] % |4 41-42| % |+ 65-60{ % §— 18-16] %
4101-890 §........[.... — 0-58 4]— 19-68 3}— 1.06) 3]+ 19.16/ 3 }........|.... — 30-91| %
L e e RN SRS I Y RO B DS o O R e R 4+ 57-96) :L.......0....}. 5 et e
51 ot [N a (R, W R et WS e Al SRR + 32-04f %3]........].. PR B 2
3033-825 §— 29-87| #j— 21-63| 1 f— 46-84| 1 [+ 1.83| 2|4 52-58/ 1 |+ 65-56] % §— 40-19| 3
Weighted
mean — 30-11 -~ 13-24 - 39-80 + 0-89 + 42-04 + 68.71 — 33.70
Ve —- 28-42 — 29-25 — 29-64 -~ 29.73 — 27-10 — 25.94 — 25-69
Va - 10 - .14 - .14 - 19 - 20 - 23 - 23
Curv. - 28 — 28 - .28 — 28 - 28 - .28 - 28
Radial 5
Velocity — 58:9 -~ 42.9 — 69-8 — 29-3 + 14-5 4 42.3 — 59:9
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MEASURES OF 136 TAURI.—Continued.

5850 5936 5987 6007 6014 6015 6024
A 2
Vel. | Wt Vel Wt] Vel. | Wt} Vel Wt Vel Wt] Vel Wt Vel. | Wt.
4549-766 |........ e B Rt e e 1348 '3 0= 28908 38~ 224 FRLL b
4481-400 |- 3-01| 3|+ 11.08] |+ 44.44) 3 ]- 3-15 3 |- 3588 1|+ 21-15| % |- 37-52] %
4340-634 |— 17.27| 3 |+ 11-14] 1 |+ 43-43| 3|+ 3-07 3 |- 43-32] 3|+ 4.66| 3 |- 44.80 3
4101-890 |— 6-01/ 1 |4 31-52| 1|4+ 2804 %)+ 6-77 1 f— 40-93 %]+ 8-09 % |- 47.05 3}
3970-177 )........ AN (1 e S L AR ol Rl TL o T AR LianER 13801 B RN G, UL LR
3068-625 |........ T 3 e 8 0 TR os ool 3 b . e TR Y F I
3933-825 |— 9-96 304+ 6-83 % |4+ 54561 |+ 7-000 1 |— 35-72 1 |+ 10-70 1 |- 44-94{ 1
Weighted
mean — 8.28 + 11.07 + 47-20 + 2.47 — 37-54 + 11.41 — 43-94
Ve - 2:08 — 25-15 - 29-48 — 28.56 — 28-25 -~ 28-08 - 27.55
Va - .17 - -16 - -25 - 16 - -19 — 22 - -20
Curv. — 28 o 28 - 28 - 28 - .28 - 28 - 28
Radial
Velocity - 10-8 — 14.5 + 17-2 — 26-5 — 66-3 - 17-2 - 72.0
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MEASURES OF 136 TAURL—Continued.

6030 6032 6035 6040 6046 6053 6396
by ]
Vel. Wt] Vel Wwtj Vel Wt] Vel Wt] Vel wWt] Vel. | Wt} Vel Wt.
4481-400 |4 23-72| % |+ 36-64) % |— 41-17) % weeves|eso— 28-45| % )........]....}— 5025 }
4340-634 J+ 60-15| 3 J+ 54-69| % |— 45-37 % |— 35-75 — 22.85| % |+ 58-79] % |— 75-67| %
4101-890 |+ 53-30| % |+ 38-200 %f........0....]— 50-34] % |- 50-91| % |+ 61-14| % |J— 69-88 %
3970-177 |...... ) e ARG IR R FORE S PR S E N L TR 1R W veelise - 4620 2 )....0... Sl
3033-825 [+ 61-89| 1 |+ 49-38/ 1 |— 38-76| % |— 37-86) 1 |— 26-75/ 1 |+ 21-89| % j— 67-26| 3%
Weighted
mean + 55-37 + 45-46 — 41-76 — 39-51 — 29.-00 + 49-23 — 67-67
Ve - 26.71 — 26-00 — 25.76 — 24-40 — 24-10 — 21-54 + 29-48
Va - .23 - 22 - -24 - 24 o -24 - 27 + 17
Curv. - .28 - .28 — 28 - .28 - .28 - .28 -  -28
Radial
Velocity 4+ 28.1 <+ 19-1 — 68-0 — 64:4 — 53-6 + 27-1 — 385
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MEASURES OF 136 TAURI.—Continued.

6404 6420 6431 6436 6444 6451 6461
A .
Vel. |Wt] Vel. |[Wt] Vel. |Wt] Vel. |Wt] Vel. |Wt] Vel. | Wt] Vel. | Wt.
4549-766 |........|.. e 1 RO SPVEE I I B TS PR o7 1 (ISR e e S e
4481-400 [—118-59] 11+ 13-22f % Q1........[.... + 1-87/ 31— 26-56] % }—118-96/ 1 }— 46-89) %
4340-634 |— 92.78] 3 ]— 0O-11] 3 |- 61-25 1§+ 9-35| 4 |— 14-53] % |— 80-17 1 J|— 70-83] %
4101-890 §— 78-32] 1]+ 9-28 4 |- 81-20, 1|+ 3-80 % |- 24-31] }]-103-01] % |— 72.01 %
EITY Gt T I S S W] ORI I SRR (A UB1Y B L IR + 749 %L........ Mot 15 St ] (MU T A i et e
3968-625 ........|.. 0] U5 e PR o A A + 0-49] %}........ 5 m BRCIOTL A (B e
3933-825 [|— 88-64/ % f— 1-67/ 1 f— 71-79 3§+ 8-51] % J— 18-44/ % §— 94-60] }]— 70-52{ 1
Weighted
mean - 93-29 2:76 - 71-41 + 591 ~ 22.25 — 99-18 — 67-83
Ve + 29-48 + 29-50 4 29.38 + 29-26 + 29-21 4 29-04 + 28-93
Va 4+ 11 4+ 11 4+ -08 + 01 4+ 04 4+ 07 + .08
Curv. - 28 - 28 - -28 o <28 - -28 - .28 - -28
Radial
Velocity - 64-0 + 26-6 — 42.2 + 34-9 + 6.7 - 70.3 - 39-1
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MEASURES OF 136 TAURI.—Continued.

6471 6484 6490 6517 6538 6548 6564
A 4
vel. |wt] vel. [wi] vel. |[wt] ve. |wi] vel. |wt] ve. |wi] ve. |wt
4481.400 |- 7.86) 3] 486 3|- s0-11] 3|+ 835 3 |- 46.89 3]- 3.62 3]- 60.-11] 3
4340-634 |— 26-91) % J— 25-56| % §— 55-40| % |+ 11-37] & |— 26-80] 3 |— 3-94| |- 73-42 1
4101-890 |- 6.03] 3 |- 278 3 |- 64-31] 3|+ 1-39) 3 |- 23-85| 3]+ 3.53] % |- 94.93 3
el 2 b S R R RERSE: S RGBS e & B b O ) RN Rt T SRR 2 Aok SR ANEE SR I
3068625 |........ iy 81 2R vodenad theaessl shEL o R Eoi N I R
3933-825 |— 11-37|1 J— 16-54] 3 |— 53-90| % |+ 14-87] 3 |- 39-35{ 1 }+ 15-50| 1 §— 78:31| 1
Weighted
mesn | — 1325 | ~1530 | —6025 ] + 97 | —3521 ] + 560 | - 788
Vo | +288 | +2861 | +2761 | +2527 | +2320 | +21.64 | + 1552
Veid 07 weri ] i e | Ve el felimme] o imsel teiaasil 1 m
Cav. | - 28} - 28} - =88] - 28} - 28] - 28] - .2
Radial
Velocity + 15-4 + 13-1 - 33.1 + 84.7 - 124 + 26.8 — 63-4
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MEASURES OF 136 TAURI.—Continued.

6574 6594 6600 6607 6633 6642 6653
A =
Vel. |Wt] Vel. | Wt} Vel. |Wt] Vel. |Wt§ Vel. |Wt] Vel. | Wt] Vel. | Wt.
4481-400 |- 99-66| % |— 76-75 % |— 94-65( %t |— 18.78 11— 9-89 3} |- 27-17] 1 |-— 61-35 %
4340-634 |- 79-17| i |- 67-07| % |- 67-52| % |— 54.55| 4 |— 11-76] % |— 57-68 3 |— 48-86] 1
4101-890 |- 91-90| % |- 50-57| % |— 71-84| Q- 2788 FQ........... 0 ... ..., — 50-10{ %
LT el ST RN BEEC NEY  SRUIN U S S A SR 1 e L i R TS [ sl o
sinaiii el vek YRR LU 2 L i ] ) e A S [ R i SR 1y KOS W (e 5 SO R -~ 38-90f %
3033-825 |— 83-97/ 1 |— 61-76| 1 |- 84:37| % |— 31-24] %]— 14.22| % |— 63-05 % |- 62-96] 3
Weighted
mean — 84.46 — 62:12 — 77-44 — 386-37 — 11.95 -~ 51:39 — b55.22
Va -+ 12-80 + 7-42 + 6-83 4 6.41 + 1.67 + 1-14 — 1.8
Va ~ 18 -~ 16 - -1 -~ 12 - 28 - 29 - 14
Curv. - 28 - 28 - .28 - 28 - 28 - B8 - 28
Radial
Velocity - 72:1 — 55-1 — 71-0 -~ 30-4 - 10-8 — 50-8 — 57.5
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MEASURES OF 136 TAURI.—Concluded.

6670 6674 6695 6711 6715
»
vel. |wt) vel. |wt] ve. |wit] vel |wit] vel. |wt] ve. |we] ve. |w.
4549-766 |- 27.95| 3|+ 23-04) 3).......).. R SUis e <heml SR .. GO R T
4481-400 |— 21.41) 4 |+ 23-41) 4|+ 8-76| 3|+ 17-53] |- 5008 &Q........J...}......]....
4310-634¢ |- 37.32 & |+ 45.53| 3|+ 1.36) 3|+ 25-22) 2 |- 1199 2|.......[... f.......L
4101.800 |- 27.43 1)........[. og-1054 3+ 1308 ).
3933-825 |- 22-61| 1 |+ 25-33| 1 |+ s8.47[1 |+ 3691/ 1 |- 5115 3 ).......l.. ).l
Weighted
mean | — 2633 | + 2664 | + 282 | +2762 | —3893 [........ )i, f
Vol —607] — 661 ] 10088 ] —1280 | — 1406 J.ooeeeenin ]onininnnnnn
Wl ST G ST BESAETS SR B S O Al B s sa
Corv. | - 281 - 28] - 28] - 28] - 2l L.
Radial ] :
Velocity - 32.7 + 19-6 - 83 + 145 - 55 [....... SO W s
The sixty observations were grouped into twelve normal places. The

normal places are given below in Table IV together with the mean Julian
day, mean phase from periastron, mean velocity, weight and residual from

final curve.
TABLE 1V.

NORMAL PLACES.

No. Julian Day. Phase. Velocity. Weight. Residual.
1 2,419,970-118 0-490 —~53-3 3-0 +1.0
2 2,420,448-018 0-929 -~36-2 1-5 -1-0
3 2,419,808-190 1-441 - 9.5 20 -0-5
4 2,420,267-281 1-966 +15-4 1-6 +0-8
5 2,420,118-162 2-607 +29-6 1-5 -0-3
6 2,420,417-271 2-848 +31-1 20 +0-5
7 2,419,868-535 3-640 +13-1 25 -0-6
8 2,420,343-708 4.183 -~11-4 2-0 -0-6
9 2,420,298-792 4.630 —32-1 2-0 +1-3

10 2,420,486-316 5-000 —~b54-4 1.0 ~0-8

11 2,419,963 -863 5-550 —65-0 2.0 +0-4

12 2,420,438 266 5-918 -68-0 2-0 ~1-4
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The preliminary elements obtained from these by Dr. King’s graphic
method were as follows:—

A closer approximation to the curve was attempted by applying a

least-squares solution.

apart, cover a great many cycles.
was also taken as fixed and ¢, w, K, and y used in the solution.

The period of oscillation was taken as fixed, being
obtained by using both Lick and Ottawa observations, which being far

Observation equations were formed as in Table V.

OBSERVATION EQUATIONS.

TABLE V.

On account of e being very small, T

z y z u —n Weight.
1 —.778 —.313 -+ -666 -2.7 -3
1 - 395 +--595 +-930 -0-9 1-5
1 +-140 +-991 +-991 —-1-1 20
1 +--630 +-317 4 .763 -~1.7 1-5
1 -+ .959 —.832 +-210 +0-3 1.5
1 +-980 — 995 - 032 —-0-1 2.0
1 -+ -647 —-073 —-741 +1-4 2:5
1 +-152 + -863 —~ 082 +1-4 2-0
1 ~-309 +-917 — 953 -0-7 2.0
1 —.728 4176 —.702 +0-8 1.0
1 — 980 —-734 — 277 -1-0 2.0
1 -1.013 — 851 +-122 +0-3 2:0
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Normal equations resulting from these observation equations were as
follows:—

23z — 1-713y — 0-4442 + 0-037« — 9:650=0
11-711y + 0-421z — 0-970u 4+ 9-050=0
11-700z — 0-900u + 0-545=0

11-327u — 14:-621=0

Solving these gave,

z =+ 37
y =— 62
2 =4 -085
u =41-244

from which,

oy =+ -37 km.

6K =— .62 km.,
ée =+ -0017
b =+41°-44

and hence the new values of the elements,

P =5-969 days
e =-0217

w =191°.44

v =-=17-13 km.
K =48-88 km.

T =2,419,362-52 J. D.

The value of Zpw was reduced from 25 to 16 — a very substantial
reduction. Excellent agreement between computed and observation equation
residuals showed that any further solution would be useless, and these
elements were accepted as final.
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The following table (Table VI) contains a summary of preliminary
and final values together with the probable errors of each element.

TABLE VI

Element. Preliminary. Final. i Probable Error.
P 5-969 days 5-969 days
e -02 - <0217 + -014
w 190° 191°.44 +0°.88
K 49-5 km. 48.9 km. + .73 km.
¥ —~17-5 km. —17-1 km, + .52 km.
T 2,419,362-52 J. D. 2,419,362-52J. D. |  ........
o T S e LI | T 1 RER R e AOLIL 000 an., Siee Fo bt et o

The probable error of a single observation of average weight was found
to be +4:6, and the probable error of a normal place +-95.

With the exception of K, the elements of the secondary—which, as
stated above, is entirely dependent on the four Lick observations—were
fixed by those of the primary, the only difference being that w; becomes
w;, + 180° or 11°-4. A few trials of different values of K gave 71 as
perhaps the most satisfactory.

The relation between the masses of the two bodies is given by
M,: My = K, : K; =71 : 49 or about 10 : 7.

In the fig. the single -circles indicate Ottawa observations, double
circles Lick observations of primary, and circles crossed Lick observations
of secondary.

Dominion Observatory,
Ottawa,
February, 1915.
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