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ADVERTISEMENT.

This volume forms the thirteenth of a series, composed of original memoirs on dif-

ferent branches of knowledge, published at the expense, and under the direction, of

the Smithsonian Institution. The publication of this series forms part of a general

plan adopted for carrying into effect the benevolent intentions of James Smithson,

Esq., of England. This gentleman left his property in trust to the United States

of America, to found, at Washington, an institution which should bear his own

name, and have for its objects the "increase and diffusion of knowledge among

men." This trust was accepted by the Government of the United States, and an

Act of Congress was passed August 10, 1846, constituting the President and the

other principal executive officers of the general government, the Chief Justice of

the Supreme Court, the Mayor of Washington, and such other persons as they might

elect honorary members, an establishment under the name of the " Smithsonian

Institution for the increase and diffusion of knowledge among men." The

members and honorary members of this establishment are to hold stated and special

meetings for the supervision of the affairs of the Institution, and for the advice

and instruction of a Board of Regents, to whom the financial and other affairs are

intrusted.

The Board of Regents consists of three members ex officio of the establishment,

namely, the Vice-President of the United States, the Chief Justice of the Supreme

Court, and the Mayor of Washington, together with twelve other members, three of

whom are appointed by the Senate from its own body, three by the House of

Representatives from its members, and six persons appointed by a joint resolution

of both houses. To this Board is given the power of electing a Secretary and other

officers, for conducting the active operations of the Institution.

To carry into effect the purposes of the testator, the plan of organization should

evidently embrace two objects : one, the increase of knowledge by the addition of

new truths to the existing stock; the other/ the diffusion of knowledge, thus

increased, among men. No restriction is made in favor of any kind of knowledge

;

and, hence, each branch is entitled to, and should receive, a share of attention.
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The Act of Congress, establishing the Institution, directs, as a part of the plan of

organization, the formation of a Library, a Museum, and a Gallery of Art, together

with provisions for physical research and popular lectures, while it leaves to the

Kegents the power of adopting such other parts of an organization as they may

deem best suited to promote the objects of the bequest.

After much deliberation, the Regents resolved to divide the annual income into

two equal parts—one part to be devoted to the increase and diffusion of knowledge

by means of original research and publications—the other half of the income to be

applied in accordance with the requirements of the Act of Congress, to the gradual

formation of a Library, a Museum, and a Gallery of Art.

The following are the details of the parts of the general plan of organization

provisionally adopted at the meeting of the Regents, Dec. 8, 1847.

DETAILS OF THE FIRST PART OF THE PLAN.

I. To increase Knowledge.—It is proposed to stimulate research, by offering

rewards for original memoirs on all subjects of investigation.

1. The memoirs thus obtained, to be published in a series of volumes, in a quarto

form, and entitled " Smithsonian Contributions to Knowledge."

2. No memoir, on subjects of physical science, to be accepted for publication,

which does not furnish a positive addition to human knowledge, resting on original

research; and all unverified speculations to be rejected.

3. Each memoir presented to the Institution, to be submitted for examination to

a commission of persons of reputation for learning in the branch to which the

memoir pertains; and to be accepted for publication only in case the report of this

commission is favorable.

4. The commission to be chosen by the officers of the Institution, and the name

of the author, as far as practicable, concealed, unless a favorable decision be made.

5. The volumes of the memoirs to be exchanged for the Transactions of literary

and scientific societies, and copies to be given to all the colleges, and principal

libraries, in this country. One part of the remaining copies may be offered for

sale; and the other carefully preserved, to form complete sets of the work, to

supply the demand from new institutions.

6. An abstract, or popular account, of the contents of these memoirs to be given

to the public, through tin' animal report of the Regents to Congress.
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II. To increase Knowledge.—It is also proposed to appropriate a portion of tin

income, annually, to special objects of research, under the direction of suitable

piersons.

1. The objects, and the amount appropriated, to be recommended by counsellors

of the Institution.

2. Appropriations in different years to different objects; so that, in course of time,

each branch of knowledge may receive a share.

3. The results obtained from these appropriations to be published, with the

memoirs before mentioned, in the volumes of the Smithsonian Contributions to

Knowledge.

4. Examples of objects for which appropriations may be made:

—

(1.) System of extended meteorological observations for solving the problem of

American storms.

(2.) Explorations in descriptive natural history, and geological, mathematical,

and topographical surveys, to collect material for the formation of a Physical Atlas

of the United States.

(3.) Solution of experimental problems, such as a new determination of the

weight of the earth, of the velocity of electricity, and of light; chemical analyses

of soils and plants; collection and publication of articles of science, accumulated

in the offices of Government.

(4.) Institution of statistical inquiries with reference to physical, moral, and

political subjects.

(5.) Historical researches, and accurate surveys of places celebrated in American

history.

(6.) Ethnological researches, particularly with reference to the different races of

men in North America; also explorations, and accurate surveys, of the mounds

and other remains of the ancient people of our country.

I. To diffuse Knowledge.— It is proposed to publish a series of reports, giving an

account of (lie new discoveries in science, and of the changes made from year to year

in all branches of knoicledge not strictly professional.

1. Some of these reports may be published annually, others at longer intervals,

as the income of the Institution or the changes in the branches of knowledge may

indicate.

2. The reports are to be prepared by collaborators, eminent in the different

branches of knowledge.
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:;. Each collaborator to be furnished with the journals and publications, domestic

ami foreign, necessary to the compilation of his report; to be paid a certain sum for

his labors, and to be named on the title-page of the report.

4. The reports to be published in separate parts, so that persons interested in a

particular branch, can procure the parts relating to it, without purchasing the

whole.

5. These reports may be presented to Congress, for partial distribution, the

remaining copies to be given to literary and scientific institutions, and sold to indi-

viduals for a moderate price

The following are some of the subjects which may be embraced in the reports:—

I. PHYSICAL CLASS.

1. Physics, including astronomy, natural philosophy, chemistry, and meteorology.

2. Natural history, including botany, zoology, geology, &c.

«j. Agriculture.

4. Application of science to arts.

II. MORAL AND POLITICAL CLASS.

5. Ethnology, including particular history, comparative philology, antiquities, &c.

6. Statistics and political economy.

7. Mental and moral philosophy.

S. A survey of the political events of the world; penal reform, &c.

III. LITERATURE AND THE FINE ARTS.

9. Modern literature.

10. The fine arts, and their application to the useful arts.

I I . Bibliography.

12. Obituary notices of distinguished individuals.

II. To diffuse Knowledge.— It is proposed to publisJi occasionally separate treatises

on subjects of general interest.

1. These treatises may occasionally consist of valuable memoirs translated from

foreign languages, or of articles prepared under the direction of the Institution, or

procured by ottering premiums for the best exposition of a given subject.

'1. The treatises to be submitted to a commission of competent judges, previous

to their publication.
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DETAILS Ob1 THE SECOND PART OF THE PLAN OF ORGANIZATION.

This part contemplates the formation of a Library, a Museum, and a Gallery of

Art.

1. To carry out the plan before described, a library will be required, consisting,

1st, of a complete collection of the transactions and proceedings of all the learned

societies in the world; 2d, of the more important current periodical publications,

and other works necessary in preparing the periodical reports.

2. The Institution should make special collections, particularly of objects to

verify its own publications. Also a collection of instruments of research in all

branches of experimental science.

3. With reference to the collection of books, other than those mentioned above,

catalogues of all the different libraries in the United States should be procured, in

order that the valuable books first purchased may be such as are not to be found

elsewhere in the United States.

4. Also catalogues of memoirs, and of books in foreign libraries, and other

materials, should be collected, for rendering the Institution a centre of bibliogra-

phical knowledge, whence the student may be directed to any work which he may

require.

5. It is believed that the collections in natural history will increase by donation,

as rapidly as the income of the Institution can make provision for their reception

;

and, therefore, it will seldom be necessary to purchase any article of this kind.

6. Attempts should be made to procure for the gallery of art, casts of the most

celebrated articles of ancient and modern sculpture.

7. The arts may be encouraged by providing a room, free of expense, for the

exhibition of the objects of the Art-Union, and other similar societies.

8. A small appropriation should annually be made for models of antiquity, such

as those of the remains of ancient temples, &c.

9. The Secretary and his assistants, during the session of Congress, will be

required to illustrate new discoveries in science, and to exhibit new objects of art;

distinguished individuals should also be invited to give lectures on subjects of

general interest.

In accordance with the rules adopted in the programme of organization, each

memoir in this volume has been favorably reported on by a Commission appointed
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for its examination. It is however impossible, in most cases, to verify the state-

ments of an author; and, therefore, neither the Commission nor the Institution can

be responsible for more than the general character of a memoir.

The following rules have been adopted for the distribution of the quarto volumes

of the Smithsonian Contributions :

—

1. They are to be presented to all learned societies which publish Transactions,

and give copies of these, in exchange, to the Institution.

2. Also, to all foreign libraries of the first class, provided they give in exchange

their catalogues or other publications, or an equivalent from their duplicate volumes.

3. To all the colleges in actual operation in this country, provided they furnish,

in return, meteorological observations, catalogues of their libraries and of their

students, and all other publications issued by them relative to their organization

and history.

4. To all States and Territories, provided there be given, in return, copies of all

documents published under their authority.

5. To all incorporated public libraries in this country, not included in any of

the foregoing classes, now containing more than 10,000 volumes; and to smaller

libraries, where a whole State or large district would be otherwise unsupplied.
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.

Washington, July 4th, 1860.

Professor Joseph Henry, LL.D.,

Secretary of the Smithsonian Institution:

Dear Sir: The records of the tidal observations made under the direction of

Dr. Kane, in the second Grinnell Expedition to the Arctic Regions, were placed

in my hands by his late lamented father, Judge Kane, in December, 1857.

Dr. Kane had selected Assistant Charles A. Schott, of the U. S. Coast Survey, for

the reduction of a considerable portion of the observations made on that expedi-

tion ; and I, therefore, placed them in Mr. Schott's possession for reduction, and

recommend his paper for publication in the " Smithsonian Contributions to

Knowledge." It is proper to state that the computations were at the expense of

the Smithsonian Institution. This is the sixth and last paper of the series.

Very respectfully, yours,

A. D. BACHE,
Superintendent I'. S. Coast Survey.





RECORD AND REDUCTION OK THE TIDES.

The observations and discussion of the tides at Van Rensselaer Harbor, the

winter quarters of the Advance during 1853-54 and 1854-55, will form the last of

the series of papers on the results of the expedition, prepared by me for publication.

Occasional tidal observations were made after passing Smith Straits, when,

owing to the peculiar navigation through the narrow openings between the coast

and the bay ice, the vessel was much exposed to the tidal action, frequently

grounding at low water, and otherwise, by taking advantage of high tides, slowly

advancing to her winter quarters.

The bay, near the head of which the Advance was laid up, and used as the

winter quarters by Dr. Kane's party, is freely exposed to the north (true) and

northwest; the indentation of the shore line is about five miles; some rocky islands

are situated within the bay.

Shortly after the vessel entered the harbor a tide staff Was arranged, and a

series of tidal observations was commenced on September 11, 1853, and continued,

with occasional interruptions (partly owing to defects in the pulley-gauge, after-

wards rigged up, and partly owing to other unavoidable accidents) till the 24th of

January, 1855, on which date the regular log book appears to have been discon-

tinued.

The several series of observations during this period are of very unequal value,

as will appear in the detailed examination and discussion of the results. The

difficulties to be overcome in the attempt to secure a reliable set of observations

were considerable, those of a physical nature being the greatest. The observations

with the staff or sounding line are subject to irregularities from a slow movement

of the vessel, which, though imbedded in ice during the greater part of the year,

is yet not stationary; these observations may also be affected by the softness of the

bottom; the observations by means of a pulley tide gauge may be defective, on

account of a slow drift of the vessel and motion of the ice field, also in consequence

of a lengthening or shortening of the rope, or it may be in consequence of slipping

of the rope on the circumference of the wheel. The latter defect, or one similar

in its nature, has been a source of much annoyance, requiring the application of

corrections to the readings, in order to refer all observations to the same zero of

the scale. There is another defect to which pulley-gauges are subject, namely, the

gradual rise of the vessel, in consequence of the consumption of provisions and

fuel. Notices of these defects will appear in the subsequent discussion.

The pulley-gauge is described by Dr. Kane, in volume I of the Narrative, p.

117, as follows: " Our tide register was on board the vessel, a simple pulley-gauge,

1
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arranged with a wheel and index, and dependent on her rise and fall for its

rotation."
1

In order to ascertain the nature of the tides, as well as the degree of accuracy of

•the different observations, the readings were roughh plotted for a first examina-

tion: the following series were found suitable for discussion:

—

Series I. From October 10th, 1853, to December 28th, 1853.—This series, with

the exception of three days, is complete; the observations in the latter part of

December appear to be of less reliable character. The observations between Sep-

tember 11 and October 4, 1853, are too fragmentary to be used. The pulley-gauge

observations between October 4 and October 9 seem to have been only experi-

mental. The hourly readings are superseded by half-hourly readings on November

8, and continue half hourly, day and night, to the end of the series. After

November 28, corrective soundings were taken at noon each day. In order to

make use of these soundings, the mean depth of the water at the anchorage was

deduced from them as follows :

—

Mean reading.

December, 1853. 43.8 feet, from 31 soundings (at noon).

January, 1854. 44.9 21

February, " 44 3 17

March, " 43.3 19

April, " 41.8 20

May, "43.5 9

The individual soundings will appear in the record following.

Mean depth of water at anchorage, in winter, 1S53-54, 43. G feet, as obtained

from 117 soundings. The monthly mean values for the tidal level accord well,

and show that no lateral change took place in the position of the brig (or else that

the bottom was level). It will be seen that for Series I the reading 7.0 was

adopted to express the mean level, the zero of the scale was, therefore, at an eleva-

tion of 3(3.6 feet from the bottom. The readings of the pulley guage are expressed

in feet,
2 as I have been informed by Mr. Sonntag.

Series II. From Jan/urn/ 28th, 1854, to April 1th, 1854.—The double half-hourly

readings of the pulley-gauge are continued. The series is complete with the

exception of ten days, which had to be omitted. The register broke January 22d;

observations commenced January 24th, but were not sufficiently regular for use

' The following note is appended : One end of the cord represented a lixed point, by being anchored

to the bottom; the free end, with an attached weight, rose and fell with the brig, and recorded its

motion on the grooved circumference of a wheel. This method was liable to objections, but it was

corrected by dailj soundings. The movements of our ressel partook of those of the floe in which she

was imbedded, and were unaccompanied by any lateral deviation.

a The following is an extract from Mr. Sountag's letter to me, dated New York, March 23, 1800:

"The circumference of the wheel (of the pulley-gauge) was divided into feet and tenths of a foot, and

the records by the sounding line are also expressed in feet and decimals. The records of the wheel

are very uncertain, as often the rope slid over the wheel without turning it, owing to the ice which

surrounded the a.xi-."
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until January 28th. The corrective soundings at noon are continued, with occa-

sional omissions, throughout this series. After April 7th there is a break in the

observations, those between the 14th and 20th appear to be irregular.

Series III. From April 20th, 1854, to August 3d, 185 L—The double half-hourly

readings of the pulley-gauge continue to May 5th, after which date single half-

hourly readings are recorded. The corrective soundings cease on the 12th of May.

Interruptions occur between May 4th and May 7th, also on July 8th, also between

July 15th and 18th, and between July 20th and the 28th. On the 8th of August,

the brig was released from her ice cradle, and rose two and a half feet ; occasional

warpings of the brig after this date render the observations worthless. On the

23d of August the brig was in but seven feet of water, and grounded.

Series IV. From September 1th, 1854, to October 22d. 1854.—The hourly obser-

vations assume again a more regular appearance on the 7th of September; they

were taken with the sounding line, and are expressed in fathoms and feet (as stated

in a note, August 12th). The following note is of October 21st, 1854: "The tide

register as yet not rigged, observations very faulty by sounding line." The irregu-

larities increase after this date; on the 15th of November following, the tide

register was arranged, and observations (hourly) commenced on the 17th; the slip-

ping of the rope, however, was of so frequent occurrence and of so great an extent,

that it was considered better to take no further notice of these observations ; the

record continues to January 24th, 1855, when the strength of the party no longer

permitted due attention to the tidal phenomena.

It was apparent that before any closer insight into the nature of these tides

could be obtained, they must first be reduced to the same zero or mean level of

the sea. To effect this in a manner apparently best suiting the case, and otherwise

unobjectionable, two curved lines were traced on the diagrams, the upper one

enveloping the highest high water of each day, the other enveloping the lowest

low water of each day ; in tracing these lines some allowance was made, when

necessary, for disturbing causes, so as to obtain tolerably smooth curves ;
cases of

abrupt changes were, of course, treated accordingly. A line, equidistant from

these curves, was assumed as representing the mean level, and when straightened

out was adopted as axis of the mean level of the sea. The corrections to refer

each observation to this adopted mean level; or, in other words, the corrections

required to refer each observation to the same zero of the scale, so as to make them

comparable with each other, were taken from the projection, and are given in the

column headed " reduction," in the following record.

This method of treatment excludes necessarily in Series I, II, and III, any dis-

cussion of the variation in the mean level of the sea, the oscillations of which have

been found small at other places. As an illustration of this, the tides at Singapore

might be referred to ; the Rev. W. Whewell (7th series of researches on the tides,

Phil Trans, of the Roy. Soc., Part I, 1837), finds for these tides that, if a line is

drawn representing the mean height (midway between high and low water each

day) it is very nearly constant, though the successive low waters often differ by six
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feel (on account of the diurnal inequality), the mean level only oscillates through

a few inches. It appears from Mr. Lloyd's paper (Phil. Trans, of 1831) that the

mean level at Sheerness is higher in spring tides than in neap tides hy seven inches

nearlj ;
also there seems to be no doubt (as shown by Mr. Whewell, Phil. Trans.,

1839 and 1 ^ 10) that the mean level increases as the moon's declination increases,

amounting to three inches at Plymouth, when the moon's declination is 25° ; at

Petropaulofsk and Js'ovo-Arkhangelsk the mean level rises as the moon's declina-

tion increases.

The use of the soundings intended to furnish corrections to the readings of the

pulley-gauge is in many cases a doubtful remedy, on account of the continued change

in the zero of the wheel's index ; in fact, it would have required numerous soundings

at other hours than noon. As it is, a combination of the corrections by enveloping

curves and soundings had to be adopted. Thus, for December 5th, soundings at

noon 43.0 feet (see record further on), mean level 36.6, hence reading of scale at

noon 6.4; reading of pulley-gauge at that hour 19.0, correction by curve —12.5,

corrected reading 6.5, which agrees with the first number; this is, however, a very

favorable case. For intermediate hours the correction as given by the curves serve

as guides. The reduction to the same level affects the times generally very little.

The following table contains the soundings taken at noon between the interval

of the first and second series, those taken during the series being given in the

record.

Soundings at Noon.

1853. F
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The note of February 3d, 1854, is very instructive in regard to the effect of the

tides on the ice fioe, viz: "The enormous elevation of the land ice by the tides

has raised a barrier of broken tables seventy-two feet wide and twenty feet high

between the brig and islands. This action has caused a recession of the main

floe ; our vessel has changed her position twenty feet within the last two spring

tides, and the hawser connected with Butler Island parted with the strain." The

cutwater of the brig was then 280 feet from the margin of the ice. (Note of

February 4th.)

The mean of all the soundings taken during the fourth scries is very nearly

fifteen feet, hence the constant index error, to refer the observations to the level

previously adopted, is eight feet, which correction was applied, converting at the

snme time the record of fathoms into feet.

The following tidal record extends, therefore, over about nine and a half luna-

tions between October 10, 1853, and October 22, 1854, during which interval the

time and height of nearly five hundred high and as many low waters were secured.

Record of the Observations of the Tides at Van Rensselaer Harbor, North Greenland,

in 1853, 1854, and 1855.-

Position op the Winter Quarters,

Latitude 18° 37' north, and longitude 10° 53', or 4" 43m.5 west of Greenwich. 1

The first column for each day is copied from the original log-book, the second

column contains the reduction to the adopted zero of scale found graphically as

explained, and the third column contains the observations referred to the same

mean level.

1 See my discussion of the astronomical observations of the expedition in vol. XII of the Smith-

sonian Contributions to Knowledge, 1860.
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Tidal Observations from October 10, 1853, to December 28
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Series I.—Tidal Observations from October 10, 1853, to December 28, 1853.
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Series I.—Tidal Observations rEOM October 10, 1S53, to December 28, 1853.

Hourly observations on the pulley-gauge. Adopted reading of mean level 7.0, expressed in units

of the scale. Increasing numbers indicate rise of water.

November, 1853.

Mean
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Series I.—Tidal Observations from October 10, 1853, to December 28, 1853.

Hourly observations on the pulley-gange. Adopted reading of mean level 7.0, expressed in units

of the scale. Increasing numbers indicate rise of water.

November. 1853.

Mean
solar
hour.

17th. Red.
|
Itef.

to obs.

level.

17.8

17.0

16.0

14.9

12.0

10.4

9.8
•AH

9.0

10.0

11.0

—7.2 10.6

9.8

9

10

11

Noon

1

2

3

4

5

6

7

8

9

10

11

Midn't

—7.3

—7.4

—7.5

CI

—7.6

—7.7

13.5

16.1

19.3

20.0
20>
20.8

20.6

20.5

19.0

17.li

16.0

12.0
11.4

11.0

11.0

11.0

11.4
12.li

14.5

17.5

19.7

20.3

1.4

—7.

8.7

7.5

4.5

2.9

2.2

1.4

1.3

2.3

3.3

5.8

S.3

11.5

12.2

13.0

Red.
to

level.

i:;.n r.
i

.
i

'

12.8 19.0

-7.9

—7.8
a

+12.2

I.)

1.0

20.3

20.0

18.0

10.5

14.3

13.5

7.2

7.5

7.8

9.6

11.9

14.5

17.0

18.5

+ 12.3
It

—7.6
—7.5

—7.4

-7.3

Ref.

obs.

19th.

12.7

11.1

9.1

8.1

4.1

3.5

3.1

3.1

3.1

3.5

4.1

6.6

9.6

11.9

12.5

13.6

18.9

18.5

16.3

14.4

11.0

10.0

9.0

8.7

3.0

in.::

11.1

14.0

16.2

16.5

—7.1

—7.0
U

—6.9

—6.8

-6.7

1.3.7

13.3

12.7

12.5

10.5

9.0

6.9

6.1

-0.1

0.2

0.5

2.3

4.7

7.3

'.'.:•

11.5

12.0

12.1

12.0

11.7

9.5

7.G

4.2

3.2

2.2

1.9

1.2

3.5

4.4

7.3

9.5

9.8

Red.
to

level.

Ref. |20th.

obs

16.5

16.5

16.0

15.1

13.8

11.4

10.2

9.5

9.0
lo.o

10.2

12.0

14.9

17.3

19.2
111.5

20.0

20.5

20.0

19.6

19.0

17. -1

15.4

13.0

12.0

11.0
lo.:;

11.0
12.r.

14.5

15.9

1G.1

—6.7

—6.8

-6.9

—7.0
—7.1
—7.2
—7.3

—7.4

ft

—7.5
((

((

((

—7.6
(I

tt

—7.7

—7.8

—7.9
tt

—8.0
It

—8.1

II

tt

—8.2

9.8

9.8

9.3

8.3

7.0

4.5

3.3

2.5

l.ll

2.8

2.9

4.7

16 5

17.0
17.4

16.8

16

14.5

12.7

12.0

11.6
11.2

11.2

11.5

12.4

7.5 14.5

9.9

11.7

12.0

12.5

13.0
12.4

12.0

11.4

9.7

7.7

5.2

4.1

3.1

2.:;

3.0

4.4

G.4

7.8

7.9

Red.
to

level.

—8.2
tt

—8.3
Cf

{1

—8.4

tt

—8.5

(I

tt

—8.6
(I

—8.7

—8.8

Ref.

obs.

8.3

8.8

li.l

8.5

7.7

6.1

4.3

3.5

3.1

2.7

2.6

2.9

3.7

5.7

21st.

17.5
|

19.5
20.0

20.5
20.5

20.6

20.5

20.2

18.9

17.0

15.2

13.5

13.2

13.1

13.1

13.5

13.7

14.7

16.2

-8.9 8.6

-9.0
((

-9.1
t<

u

-9.2
it

-9.3

-9.4

cc

-9.5
((

tt

tt

-9.6

L0.5

11.0

11.4

11.4

11.5

I L.3

ll.o

9.6

7.7

5.8

4.1

3.7

3.6

:; 6

4.0

4.1

5.1

6.6

17.3

17.5

17.6
17. ii

L7.6

17.0

16.5

L3.6

13.4

13.2

L3.0

L3.0

13.0

L3.0

13.1

1(1.7

19.1

19.5

20.0

1.0

3.5

5 2

5.2

5.0

4.3

3.9

3.2

1.6

1.0

0.3

0.4

0.6

0.5

0.8

0.5

0.2

1.2

1.7

Red.
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Series I.—Tidal Observations from October 10, 1853, to December 28, 1853.

Hourly observations on the pulley-gauge. Adopted reading of mean level 7.0, expressed in units

of the scale. Increasing numbers indicate rise of water.

November, 1853.

Mean
solar

hour.

3

4

5

6

7

8

9

10

11

Noon

1

2

3

4

5

6

7

8

9

10

11

23d. Red.
to

level.

4.7

5.6

6.2

7.0

7.0

7.5

7.5

7.6

7.8

7.9

7.8

7.7

7.7

7.7

7.7

80

8.6

9.6

10.4

11.4

11.8

12.0

12.0

12.0

12.2

11.8

11.4

10.0

9.0

8.2

7.7

7.4

Midn't 7.2

+0.4

+0.2

0.0

—0.2

—0.3

—0.5
—0.6
—0.7
—0.8
—0.9
—0.9
—1.0

a

—l.i
u

—1.2

—1.3

—1.5

—1.6

—1.8

—2.0
—2.1

2.2

—2^3

—2.4

—2.5

—2.6

—2.7

—2.8
—2.9
—3.0

Ref.

obs.

24th

5.1

5.8

6.2

6.8

6.7

7.0

6.9

6.9

7.0

7.0

6.9

6.7

6.7

6.6

6.6

6.8

7.3

8.1

8.8

9.6

9.8

9.9

9.8

9.7

9.9

9.4

9.0

7.5

6.4

5.5

49
4.5

4.2

6.7

7.4

7.8

8.1

9.1

10.0

10.5

11.1

11.6

11.9

12.5

11.6

11.0

9.5

9.0

8.8

8.0

8.9

9.9

10.3

11.4

12.6

13.5

13.9

14.6

14.9
14.4

14.4

13.7

12.8

12.5

11.5

10.11

Red.
to

level.

Ref.

obs.

2oth.

—3.0
—3.2
—3.3
—3.4

—3.5

—3.6

—3.7

—3.8

—3.9
"

—4.0
—4.1
—4.2

—4.4

—4.5
U

—4.6
a

—4.7

—4.8

—4.9

—5.0

—5.1
—5.2
—5.3
—5.4
—5.5
—5.6
—5.7

—5.9

—6.0

—6.1

—6.2

3.7

4.2

4.5

4.7

5.6

6.4

6.8

7.3

7.7

8.0

8.5

7.5

6.8

5.1

4.5

4.3

3.4

4.3

5.2

5.5

6.5

7.6

8.4

8.7

9.3

9.5

8.9

8.8

8.0

6.9

6.5

5.4

4.7

10.0
10.2

10.4

10.7

11.2

12.5

13.6

15.0

15.6

15.7

16.0

15.6

15.2

15.7

16.0

15.5

15.5

15.4

15.2

15.8

16.0

16.4

18.1

19.1

19.6

19.7

19.8

20.0

19.4

18.5

18.0

16.0

15.0

Red.
to

level.

Ref.

obs.

26th.

—6.3

—6.4
—6.5

—6.6

—6.7

—6.9

—7.0

—7.1
—7.2
—7.3

—7.4

—7.6

—7.8

—8.0
—8.1
—8.2
—8.3
—8.4

—8.6

—9.0
—9.1
—9.3
—9.4
—9.5
—9.7
—9.8

—9.9

—10.0

—10.1

—10.3

3.7

3.9

4.0

4.2

4.6

5.8

6.7

8.0

8.6

8.6

8.8

8.3

7.8

8.1

8.2

7.5

7.4

7.

6.9

7.4

Red.
to

level.

14.8
14.5

14.6

14.7

15.2

15.5

16.5

18.0

19.4

20.0
20.2

20.0

19.5

19.0

17.8

16.3

15.7
15.4

15.1

—10.3
10.

10.4

—10.5

—10.6

-10.7

a

-10.8
((

a

u

-10.7

Ref.

obs
27th.

7.4
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Series I.—Tidal Observations from October 10, 1853, to December 28, 1853.

Hourly observations on the pulley-gauge. Adopted reading of mean level 7.0, expressed in units

of the scale. Increasing numbers indicate rise of water.

November, 1853.

Mean
solar

hour.

3

4

5

6

7

8

9

10

11

Noon

1

29th. Red.
to

level.

18.7

15.8

14.7

14.1

13.8

13.5

13.6
14.2

14.7

16.8

19.7

23.5

25.2

25.5
25.5

25.S

18.2

17.1

15.2

11.7

Ref. 30th.

obs.

-13.0

—12.9

—12.8
it

a

-12 7
(f

-12.6

-12.5

-12.4

-12.3
-12.2
-12.1
-12.0
—5.8

Red. i Ref.

to obs.

level.

10

11

Midn't

3
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Series I.

—

Tidal Observations from October 10, 1853, to December 28, 1853.
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Series I.—Tidal Observations from October 10, 1853, to December 28, 1853.

Hourly observations on the pulley-gauge. Adopted reading of mean level 7.0, expressed in units

of the scale. Increasing numbers indicate rise of water.

December, 1853.

Mean
.<olar

hour.

11th. Red.
to

level.

Ref.

obs.

12th.

1

2

3

4

5

6

7

8

9

10

11

Noon

1

2

3

4

5

6

7

8

9

10

11

Mi.ln't

8.2

7.4

6.8

6.3

6.5

7.5

8.7

11.8

12.4

13.7

14.2

14.7

15.0
15.0

14.7

14.3

13.4

11.2

9.4
-.7

8.3

S.3

—4.3

—4.4

—4.5
—1.6

—4! 8

—4.9

—5.0

—5.1

—5.2
—5.3
—5.4
—5.5

u

—5.6

—5.7

—5.9

—6.1
—6.2
—6.4
—6.5

3.9

3.0

2.3

1.7

1.8

2.7

3.8

Red.
to

level.

Ref.

obs.

13th.

8.7
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Series I Tidal Observations from October 10, 1853, to December 28, 1853.
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Series II Tidal Observations from January 28 to At-ril 7, 1854.

Hourly observations on the pulley-gauge. Adopted reading of mean level 7.0, expressed in units

of the scale. Increasing numbers indicate rise of water.

January, 1854.

Mean
solar

hour.

28th

3

4

5

6

7

8

9

10

11

Noon

1

2

3

4

L3.2

12.8

12.0

11.0

8.8

6.3

5.9

0.2

6.7

8.2

11.0

15.6

17.7

19.9

21.0

21.2

20.4

18.8

17.1

15.6

13.7

Bed.
to

level.

Ref.

obs.

29th.

6

7

S

9

10

11

Midn't

12.2

12.0

12.2

14.2

17.1

19.9

21.1

21.6

—2.6
—2.8

—3.3

—3.8

—4.2

—4.7

—5.1
—5.3
—5.4

—5.9

—6.4

—7.2

—8.0

—8.8
U

—S.9

—9.0

—9.1

—9.2

—9.3

—9.4
ft

—9.5

—9.6

—9.7

—9.8

—9.9

—10.0

10.6

10.0

S.7

7.2

4.6

1.6

1.0

1.1

1.4

2.8

5.1

9.2

10.5

11.9

12.2

12.4

11.5

9.8

8.0

6.4

4.4

2.8

2.6

2.7

4.6

7.4

10.1

11.2

11.6

Red.
1..

level.

Ref.

obs.

30th. Red.
I to

level.

21.9

21.5

19.6

17.7

16.1

15.0

12.2
11.9*

12.1

L3.4

14.6

18.6

20.7

23.4

24.5

20.7

19.7

19.2

18.7

15.6

12.0

10.8

10.0

9.7

9.2

8.6

7.8

7.7

8.7

10.8

13.4

14.8

-10.0

-10.1

-10.2

—10.3

—10.4

—10.5

—10.6
(i

—10.7

—10.8

—10.9

—11.0

•11.1

11.2
11.1
11.0
-10.9

—10.8

—10.6

10.4

10.2

—10.0
—9.9
—9.8
—9.7
—9.6
—9.5
—9.4

—9 2

—9.0

—S.7

11.9

11.4

9.4

7.4

5.7

4.5

1.6

1.3

1.4

2.7

3.8

7.7

9.7

12.3

13.3

9.6

8.7

8.3

7.9

5.0

1.6

0.6

0.0

—0.2
0.6
1.1

—1.8
—1.8
-0.7

0.6

4.4

6.1

15.6

12.8

10.5

9.2

7.4

7.4

7.5

7.8

8.2

10.3

12.2

16.5 —7.5
16.2 —7.4

7.3

7.2

7.1

7.0

6.9

—6.8
tf

6.7

—6.6

6.5

Ref.

obs.

14.3 —6.4

::i,i

18.3

20.1

20.2

19.7

17.7

14.6

8.2

6.3

6.1

5.7

5.6

5.5

5.7

6.7

9.3

12.1

14.0

-6.3

(t

M

—6.2

—6.1

-6.0

—5.9

—5.8

9.0

8.8

S.3

5.6

3.4

2.2

0.5

0.5

0.7

1.0

1.5

3.7

5.7

7.9

12.0

13.8

13.9

13.5

11.6

8.5

2.2

0.3

0.1

—0.3
0.3

I—0.4
!—0.2

0.8

3.4

6.2

8.2

14.9

15.5

15.2

14.7

14.3

11.7

9.2

6.9

5.9

5.3

5.3

5.3

5.3

6.9

10.0

13.0

16.2

17.3

18.3
19.0

18.2

16.8

15.7

13.0

9.7

7.3

7.2

7.2

7.2

7.4

8.0

9.0

12.0

14.6

—5.8

Red.
to

level.

Ref.

obs.

-5.7

-5.6
((

((

a

-5.5
U

a

-5.4

—5.3
ti

u
It

—5.4

Cf

—5.5

ti

-5.6

February, 1854.

1st.
I

Red. ! Ref.

to obs.

level.

9.1

9.7

9.4

8.9

6.0

3.5

1.2

0.3
—0.3

—0.3
0.3

—0.2
1.4

4.5

7.C

10.9

12.0

13.0

13.7

12.8

11.4

10.2

7.5

4.1

1.7

1.6

1.6

1.5

1.7

2.:;

3.3

6.3

—5.8

16.2

16.8

17.0

17.0

17.0

L6.9

12.6

10.6

8.5

7.9

7.7

7.7

7.5

S.3

10.0

13.0

16.3

17.7

18.4

19.0

19.2

18.9

18.2

15.8

12.4

10.0

8.7

S.5

8.4

8.4

8.6

10.0

12.1

-5.8

-5.9

10.4

10.9

11.1

11.1

11.1

6.0 10.9

—6.1

-6.2

-6.3

6.6

4.5

2.4

1.8

1.6

1.6

1.3

2.1

2d.

13.2

13.5

14.3

15.6
1G.0

16.2

16.2

15.7

14.0

10.6

8.9

9.1

8.2

8.2

8.7

Red.
to

level.

-6.2

Ref.

obs.

—6.2

6.8
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Series II.—Tidal Observations from January 28 to April 7, 1854.

Hourly observations on the pulley-gauge. Adopted reading of mean level 7.0, expressed in units

of the scale. Increasing numbers indicate rise of water.

February, 1854.

Mean
solar

hour.

3d. Red.
to

level.

Ref.

obs.

4th. Red.
to

level.

Ref.

obs.

5th. Red. K.-I

to obs.

level.

6th. Red.
to

level.

Ref.

obs.

7th. Red.
to

level.

Ref.

obs.

8th. Red.
to

level.

Ref.

obs.

9

10

11

Noon

1

o

3

4

G

7

8

9

10

11

Midn't

12.0

13.0

14.il

14.4

15.0

L5.0

1 1.8

13.9

12.1

11.1

10.6

10.1

10.2

L0.S

11.9

12.G

12.9

14.1

14.S

15.1

15.2

14.6

12.9

11.2

9.6

-G.4

—G.5

—6.6

8.7

8.4

8.4

8.6

8.8

9.7

—6.7
a

tt

a

—G.8

u

—6.7

({

—6.6
a

it

—6.5

Cf

—6.4

—6.3

II

—6.2

—G.l

—6.0

5.6

6.6

7.5

7.9

8.5

8.5

8.2

7.3

5.5

4.5
4.H

3.4

3.5

4.1

5.2

5.8

6.1

7.4

8.1

8.5

S.6

8.1

G.4

4.8

3.3

2.4

2.2

2.2

2.5

2.7

3.7

11.2

13.0

14.3

14.7

14.9

14.9
14.'.'

1 1.8

14.2

12.8

11.7

9.8

9.2

9.2

9.8

10.5

10.7

11.2

12.8

13.5

14.2

14.6

14.7

14.6

14.2

13.5

12.2

11.0

10.6

10.G

10.6

—6.0

—5.9

—5.8
II

U

—5.7
a

—5.G

II

—5.5
(t

—5.4

—5.4

—5.3

—5.4

—5.5

—5.6

—5.7

—5.8
it

—5.9

—6.0

—G.l

—6.2

—6.4

—6.5
—6.6
—6.7

5.2

7.1

8.4

8.9

9.1

9.1

9.2

9.1

8.6

7.2

6.2

4.3

3.8

3.8

4.4

5.1

5.4

5.8

7.3

7.9

8.5

8.9

8.7

10.6

10.9

11.7

12.9

13.7

17.1

17.5

17.5

17.7

17.7

17.4

16.3

15.5

15.2

15.0

13.2

13.7

14.1

14.4

15.5

17.7

18.3

18.4

18.0

—6.8
—7.0

—7.1

—7.2

—7.3

—7.4

3.8

3.9

4.6

5.7

G.4

9.7

—7.5 10.0
" 110.5

—7.6 10.1
" 10.1

—7.7 9.7

8.2

7.4

6.0

4.G

4.1

4.0

3.9

17.2

15.0

13.7

12.4

11.9

11.8

11.7

—S.O

—8.1

—8.2
((

—8.1
a

—8.0

—7.9

—7.s

-7.7

-7.G

—7.5

—7.4

—7.4

—7.3

((

—7.2

7.5

7.1

6.8

5.0

5.6

6.0

6.4

7.6

9.9

10.5

10.7

10 4

9.7

7.6

6.3

5.1

4.6
4.5

11.7

11.7

12.2

12.G

13.5

15.9

15.8

16.1

16.0

16.0

16.0

16.0
16.0

16.0

1G.0I

15.2|

14.4

13.6

13.0

10.0

10.1

10.5

11.0

11.3

12.0

12.5

12.6

L2.6

12.7

12.7

12.7

12.7

12.5

11.3

9.5

9.0

—7.2
—7.1

—7.0

—6.9

ti

—6.8
((

((

—6.7
<t

—6.6
it

—6.5

—6.4

—6.3

(t

a

—6.2
tt

—6.1

—6.0

ft

—5.9

—5.8

—5.7
If

—5.G
II

—5.5
tt

—5.4

—5.3

4.5 9.0

4.5
4.i;

5.1

5.6

6.6

9.0

9.0

9.3

9.2

9.3

9.3

9.4

9.4

9.5

9.5

8.8

8.1

7.:'.

6.7

3.8

3.9

4.4

5.0

5.3

G.l

6.7

9.3

9.5

10.2

11.1

12.0

13.0

13.7

14.0

14.0

13.7

13.3

12.8

12.2

11.8

11.0

11.0

10.0

10.0

10.0
1(1.0

10.0
10.0

11.3

—5.2
If

—5.1

—5.0

—4.9

II

—4.7
(1

—4.6

—4.5

—4.4

—4.3

—4.2

1;.:'

6.9

7.1

7.1

7.2

7.2

7.1

5.9

4.2

3.7

—5.2 3.8

11.4

12.2

12.5

12.5

12.2

12.0

11.8

11.2

10.7

—4.4

4.:;

4.1

4.4

5.2

6.2

7.1

8.2

9.0

9.3

9.4

9.1

8.8

8.4

7.9

7.6

6.8

6.8

5.8

5.8

5.8

5.8

5.8

5.8

7.0

7.1

7.9

s.2

8.2

7.9

7.G

6.8

9.7

9.2

9.2

9.2

9.2

9.2

9.2

9.6

10.0

11.5

12. G

13.4

13.9
14.0

14.1

14.1

13.9

11.6

10.2

9.1

8.2
-.n

8.0

8.0

—4.G

1.7

1;.::

8.1

9.7

10.2

11.1

11.2

11.4

II. I

11.4
11.:'.

11.1

11.0

5.3

4.8

4.7

4.7

4.7

4.7

4.7

5.1

5.5

7.0

8.0

9.3

9.4

9.5

9.5
9.:;

G.9

5.5

4.4

3.5

3.3

3.3

3.3

3.4

5.0

5.5

6.4

6.5

G.7

6.7

6.7

6.6

6.4

6.3

r.nh Feel Inch

Feb. 3. Sounding at noon 6 5 G Corrected reading by sounding 4.9, by curves G.7, mean 5.8.

"4. " "

"5. " "

" 6. " " G 4 Corrected reading by sounding 3.4, by curves 4.3, mean 3.8.

u y t

tt tt

" 8. " " 6 5 6 Corrected reading by sounding and curves 6.9.
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Series II.

—

Tidal Observations from January 28 to April 7, 1854.
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Series II. Tidal Observations from January 28 to April 7, 1854.

Hourly observations on the pulley-gange. Adopted reading of mean level 7.0, expressed in units

of the scale. Increasing numbers indicate rise of water.

February, 1854.

Mean



22 RECORD AND REDUCTION OF THE TIDES.

Series II.

—

Tidal Observations from Jam ary 28 to April 7, 1854.

Hourly observations on the pulley-gauge. Adopted reading of mean level 7.0, expressed in units

of the scale. Increasing numbers indicate rise of water.

February, 1854.

Mean
solar

hour.

27th. Red.
to

'level.

3

4

5

6

7

8

9

10

11

Noon

1

2

3

4

5

6

7

8

9

10

11

Midn't

18.3

17.5

17.8

19.3

5.3

4.4

4.4

5.0

5.S

S.3

11.1

14.4

16.3

16.9

17.6
16.0

15.3

14.1

12.8

8.7

4.7

4.5

4.0

4.0

4.7

6.5

8.9

11.6

13.8

14.7

15.2

-7.3

-7.4

-7.5

?

Kef.
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Series II.

—

Tidai
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Series II.

—

Tidai, Observations from January 28 to April T, 1854.

Hourly observations on the pulley-gauge. Adopted reading of mean level 7.0, expressed in units

of the scale. Increasing numbers indicate rise of water.

March, 1854.

Mean
;;nlar

hour.

9

in

11

Noon

1

2

3

4

5

6

7

8

9

10

11

Midn't

38th. Red. Ref.

to obs
level.

15.3

15.3

15.4 !

15.5

15.3

14.6

13.6

11.8

9.4

6.9

6.3

7.2

10.1

12.9

15.2

16.5

16.1

15.3

13.3

12.3

8.1

7.0

5.5

4.4

4.3

4.3

4.4

0.8

10.3

12.2

13.1

—3.0 12.3

12.3
" 12.4
" 12.5
" 12.3
" 11.6

10.6

8.8

6.4

3.9

3.3

4.2

7.1

9.9

12.2

13.5

13.1

12.3

10.3

9.3

5.1

4.0

2.5

1.4

1.3

1.3

1.4

I 3.8

7.3

9.2

lo.l

31st. Red.
to

level.

13.8

14.5

14.5

13.2

12.0

9.7

7.0

5.6

5.0

4.7

4.5

5.0

6.0

8.0

10.1

11.9

14.7

16.0

15.8

16.0

15.2

14.7

12.9

10.8

11.5

8.4

7.0

6.1

7.6

8.8

11.4

12.2
i:s.o

12.4

-3.0

—2.9
ti

—2.8
a

—2.7

—2.6

Ref.

obs.

10.8

11.5

11.5

10.2

9.0

6.7

4.0

2.6

2.0

1.7

1.5

2.0

3.0

5.0

7.1

8.9

11.7

13.0

12.8

13.0

12.2

11.7

9.9

7.8

8.5

5.5

4.1

3.3

4.8

6.1

s.s

9.6
—2.5 10.5

9.9

April, 1854.

4th.

9.0

9.7

11.0

11.3

12.3

13.1

12.9

11.7

9.9

9.0

8.0

8.2

7.8

7.5

7.5

7.5

7.7

8.3

Red.
to

level.

-4.0

tt

—3.9

a

—3.8
((

—3.7
It

—3.6

a

—3.5

—3.4
tt

—3.3
ft

—3.2

—3.1

Ref.

obs.

5.0

5.7

7.1

7.4

8.5

9.3

9.2

8.0

6.3

5.4

4.5

4.8

4.4

4.2

4.2

4.3

4.5

5.2

5th.

8.3

9.6

L0.5

11.2

11.8

12.2

12.4

12.4

11.2

9.2

8.1

7.4

7.4

7.4

7.4

8.0

8.6

8.9

8.9

8.9

8.6

8.9

8.9

8.7

8.7

8.1

8.0

7.5

7.5

7.5

7.5

7.5

Red.
to

level.

Ref.

obs.

—3.0

—2.9

—2.8

—2.7
((

((

—2.6

—2.5

—2.4

5.3

6.6

7.6

8.4

9.0

9.5

9.7

9.7

8.6

6.7

5.6

5.0

5.0

5.0

5.0

6th

—2.3
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Series III.—Tidal Observations from April 20 to August 3, 1854.

Hourly observations on the pulley-gauge. Adopted reading of mean level 7.0, expressed in units

of the scale. Increasing numbers indicate rise of water.

April, 1854.

Mean
solar

hour.

20 th. Red.
to

level.

3

4

5

6

7

8

9

10

11

Noon

1

2

3

4

5

6

7

8

9

10

11

Midu't

Ref.

obs.

11.3

8.3

6.7

6.4

6.4

6.4

6.7

7.1

9.0

9.5

9.7

9.7

9.7

9.5

7.9

7.0

6.9

6.9

—1.0

—1.1

—1.2
a

—1.3
ft

ft

—1.4

((

—1.5

u
tt

—1.6
it

ft

—1.7

—1.8

—1.9

—2.0

—2.1

21st.

10.3

7.2

5.5

5.2

5.1

5.1

5.4

5.7

6.5

7.5

8.0

8.2

8.1

8.1

7.9

7.1

6.1

5.1

4.9

4.8

6.7

7.3

7.9

9.0

10.2

11.4

12.1

12.5

12.6

12.5

11.0

9.9

8.5

7.9

7.4

7.0

7.0

7.0

7.4

8.0

Red. Ref.

to obs.

level

8.5

9.2

10.1

10.5

10.5

10.5

10.5

10.5

10.0

9.1

8.4

7.9

—2.2
ii

—2.3

—2.4

tt

—2.5

It

—2.6
It

—2.7

—2.8

U

—2.9

—3.0

ft

tt

—3.1
ft

If

—3.2

ft

—3.3
a

a

a

(t

u

—3.4
ft

ft

((

—3.5

22d. Red.
to

level.

4.5

5.1

5.6

6.6

7.8

8.9

9.6

9.9

I ( i.O

9.8

8.2

7.1

5.6

4.9
4.4

4.0

4.0

3.9

4.3

4.9

5.6

5.3

5.9

6.8

7.2

7.2

7.2

7.2

7.1

6.6

5.7

5.0

4.4

7.8

7.5

7.5

7.7

7.9

8.9

9.7

12.2

13.3

13.7

14.3

14.0

13.7

12.3

11.3

10.7

8.7

8.3

8.0

8.0

8.0

8.0

8.3

9.0

10.8

11.5

12.5

13.0

13.9

13.9

13.0
12.0

11.3

—3.5
ft

((

—3.6

If

—3.7

II

—3.8

If

tt

—3.9

Ref.

—4.0

23d.

1.2

4.3

4.0

4.0
4.1

4.3

5.2

6.0

8.4

9.5

9.9

10.4

10.1

9.8

8.4

7.4

6.7

4.7

4.3

4.0

4.0

4.0

4.0

4.3

4.9

6.7

7.4

8.4

8.9

9.8

9.8

8.8

7.8

7.1

10.0

9.9

8.5

8.3

8.5

8.7

10.2

11.8

13.2

14.0

14.9

14.9

13.0

?8.1

10.7

11.5

9.5

8.3

7.2

6.6

6.1

6.0

6.5

7.5

9.3

10.8

12.0

12.8

13.6

13.6

13.0

9.0

Red.
to

level.

Ref.

obs.

24th.

—4.2

Red.
to

level.

5.8

5.7

4.3
4.1

4.3

4.5

6.0

7.6

9.0

9.8

10.7

10.7

—4.3: 7.2

5.2

4.0

3.0

2.4

1.9

1.8

2.4

3.4

5.2

6.7

7.9

8.7

9.6

9.6

9.0

—4.0

5.0

9.4

7.5

6.7

6.5

6.5

6.7

7.1

8.8

10.5

12.9

15.0

15.0

14.9

14.6

12.9

10.6

9.0

7.4

6.1

5.4

5.7

8.1

9.0

10.4

13.5

13.5

13.5

12.5

12.0

11.5

l.o

—3.9

Ref.

obs.

25th

5.4

3.5

2.7

2.5

2.6

2.8

3.2

4.9

6.6

9.0

11.1

11.1

11.0

10.7

9.1

6.8

5.2

3.6

11.1

8.8

7.5

6.4

5.8

5.0

6.0

7.0

8.5

10.9

13.4
14.5

15.5

15.3

14.1

12.5

10.3

8.3

6.9

Red.
to

lovel.

Ref.

—3.4

O. i
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Series III.—Tidal Observations from April 20 to August 3, 1854.

Hourly observations on the pulley-gauge. Adopted reading of mean level 7.0, expressed in units

of the scale. Increasing numbers indicate rise of water.

May, 1854.

Mean
solar

hour.

1

2

3

4

5

6

7

8

9

10

It

Noon

1

2

3

4

5

6

7

8

9

10

11

Midn't

2d.

15.1

16.7

10.8

16.5

14.2

12.5

11.0

8.4

6.7

6.4

6.4

7.4

9.5

11.3

13.1

14.9

15.0

14.5

13.6

12.6

10.1

9.5

9.d

9.0

9.(1

9.1

9.5

Icl

11.1

Red.
to

level.

Ref.

obs.

.4 10.7

12.3

12.4

12.1

:.5
|

9.7

3.0

6.5

3.9

2.2

1.9

1.8-4.6

-4.7

2.8

4.9

6.6

8.4

10.2
10.3

9.8

8.9

7.9

5.4

4.8

4.3

4.3

4.3

4.4

4.8

5.4

6.4

Sd.

13.2

14.0

14.2

14.3

14.3
14.2

14.1

13.1

12.0

10.9

10.2

10.0

10.3

10.5

10.8

11.0

11.4

12.8

13.4

13.8
13.8

13.S

13.8

13.8

13.1

12.7

12.1

11.8

11.6

11.6
11.4

11.6
12.0

12.7

13.3

Red.
to

level.

4.7

-4.8

—4.9

-5.0

—5.1

Ref.

obs.

8.5

9.3

9.5

9.6

9.6

9.5

9.4

8.4

7.3

6.2

5.5

5.3
5.6

5.8

6.1

6.3

6.7

8.1

8.7

9.1

9.1

9.1

9.1

9.1

8.4

8.0

7.3

7.0

6.7

6.7

6.5

6.7

7.0

7.7

8.2

13.6

14.0

14.8

16.1

16.2

16.2

15.7

15.3

lih Red.
to

level.

—5.2

—5.3

—5.4

—5.6

—5.8

—6.0
—6.1
—6.3

Ref.

obs.

8.4

8.7

9.4

10.5

10.4

10.2

9.6

9.0

7th. Red.
to

level.

10.2

10.2

10.5

10.8

11.3

11.8

12.4

13.2

13.2

13.0

12.2

11.0

10.2

9.0

8.1

8.0

8.0

8.0

8.4

9.0

9.8

10.3

ll.ii

11.3

12.0

12.5

12..
r

.

L2.5

12.0

10.5

1.3

-4.4

-4.5

-4.6

-4.7

-4.^

Ref.

obs.

6.0

6.0

6.3

6.6

7.1

7.6

8.2

8.9

8.9

8.7

7.9

6.7

5.9

4.6

3.7

3.6

3.6

3.6

4.0

4.5

5.3

5.8

6.4

6.7

7.4

7.9

7.8

7.8

7.3

5.7

8th. Red.
to

level.

10.5

10.0

11.5

11.5

11.8

12.4

13.0

14.1

16.2

16.0

16.5

L6.5

16.3

16.0

15.1

14.1

13.0

10.6

9.0

8.4

8.0

8.7

9.0

10.2

11.6

12.3

12.9

13.3

13.5

13.5

13.3

12.7

-4.8
tt

it

-4.9

—5.0

—5.1

-5.2

—5.3

-5.4

-5.5

Ref.
I, lis

5.7

5.2

6.7

6.6

6.9

7.5

8.1

9.1

11.2

11.0

11.5

11.4

11.2

10.9

10.0

8.9

7.8

5.7

3.7

3.1

2.7

3.4

3.6

4.8

6.2

6.9

7.9

8.1

8.1

7.9

9th. Red.
to

level.

10.7

10.0

10.0

10.5

11.3

12.6

14.3

15.6

16.4

16.9

17.2

17.2

17.2

16.6

16.0

14.9

13.8

?

11.2

10.0

9.3

8.0

8.0

8.9

11.2

13.0

14.2

15.5

14.6

14.0

13.5

—5.5
U

—5.6
If

it

—5.7

—5.8
U

—5.9
U

—6.0
a

—6.1

—6.2

— 6.3

-6.2

—6.1

Ref.

obs.

—6.0

5.2

4.5
4.4

4.9

5.7

6.9

8.6

9.9

10.6
11.1

11.3

11.3
11.2

10.6

9.9

8.7

4.9

3.S

3.1

1.8

1.8

2.7

5.1

6.9

8.1

9.4

8.5

7.9
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Series III.

—

Tidal Observations from April 20 to August 3, 1854.

Hourly observations on the pulley-gauge. Adopted readiug of mean level t.0, expressed in units

of the scale. Increasing numbers indicate rise of water.

May, 1854.

Ali':i!l

solar

hour.

6th. Ref.

1

2

3

4

5

6

7

8

9

10

11

Noon

1

2

3

4

5

6

7

8

10

11

Midn't

19.1)

19.6
19.0

L8.6

17.0

16.0

14.4

12.5

10.0

9.5
:ui

9.7

10.0

12.4

12.4

11.8

11.3

9.8

8.8

7.2

5.3

2.8

2.3

1.8

2.5

2.8

17th.

10.9 3.7

i

12.4 I 5.2

14.3 7.1

16.2

17.0

17.6

17.6

17.6

16.3

14.4

12.0

10.8

9.5

9.5

9.8

9.0

9.8

10.4

10.4

10.4

9.1

7.2

4.8

3.6

2.3

2.3

2.6

11.7
j

4.5

13.5 6.3

15.3 B.I

n;.7 9.5

Ref.

obs.

18.0

19.4

20.0

20.0

18.9

18.0

16.2

14.3

12.6

11.3

10.2

9.0

10.2

11.1

13.4

14.6

15.9

17.6

17.8

17.8

16.7

16.0

14.0

12.8

10.6

10.0

9.2

9.2

10.4

12.0

13.6

14.8

10.8

11.2

12.8

12.8

11.7

10.8

9.0

7.1

5.4

4.1

3.0

1.8

3.0

3.9

6.2

7.4

8.7

10.4

10.6

10.6

9.5

8.8

5.6

3.4

2.8

2.0

2.0

3.2

4.8

6.4

7.6

18th.

17.6

19.0

19.7

19.7

19.7

19.7

19.7

19.7

18.6

17.8

15.8

14.3

13.0

10.0

9.0

9.0

10.3

11.6

14.0

15.2

16.3
10.*

16.8

15.8

15.6

14.0

13.3

12.4

12.0

11.3

11.3

11.5

11.8

12.4

12.8

Rcf.

obs.

10.4

11.8

L2.5

12.5

12.5

12.5

12.5

12.5

11.4

10.6

8.6

7.1

5.8

2.8

1.8

1.8

3.1

4.4

6.8

8.0

9.1

9.6

9.6

8.6

8.4

6.8

6.1

5.2

4.9

4.2

4.2

4.4

4.7

5.3

5.7

l'.lth. Ref.

obs.

14.0

15.0

16.4

17.7
18.8
1-.*

18.8
18.8

18.0

17.4

16.0

14.4

12.4

11.7

10.6

10.0

10.5

10.8

11.8

12.8

14.2

6.9

7.9

9.3

10.6

11.7

11.7

11.7

11.7

11.0

10.4

9.0

7.4

5.4

4.7

3.6

3.0

3.5

3.8

4.8

6.8

7.2

20th. Ref.

obs.

12.11

12.3

13.2

14.1

15.2

15.5

15.5
16.5

16.5

16.5

16.5

15.8

14.9

13.6

12.8

12.1

11.5

11.0

10.5

10.5

10.5

5.2

5.5

6.4

7.3

8.5

8.8

8.8

9.8

9.8

9.8

9.8

9.1

8.2

6.9

6.1

5.4

4.8

4.3

3.8

3.8

3.

15.7 8.7

16.5 i 9.5

17.2 10.2

17.2 10.2
10.5 9.5

15.7' 8.7

15.0 8.1

14.0 7.1

13.0 6.1

12.5 5.7

10.8 4.1

21st.

12.7

14.3

14.9

15.2

15.4
15.4

15.4

14.6

14.2

13.3

12.4

6.0

7.6

8.2

8.5

8.7

8.7

8.7

7.9

7.4

6.5

5.6

12.0

11.6

11.2

11.2

12.5

14.2

15.6

16.8

17.4
17.9

17.9

17.9

17.6

Ref.

obs.

5.2

4.8

4.4
4.4

5.7

7.4

8.8

10.0
10.6

11.1

11.1

11.1

10.8

17.0 10.2

15.7

14.6

12.8

11.2

10.8

10.5

10.5

10.5

11.0

11.7

12.6

13.7

14.5

15.0

15.4
j

15.4'

15.4

15.2

14.7

14.0

8.9

7.8

6.0

4.4

4.0

3.7

3.7

3.7

4.2

4.9

5.8

6.9

7.7

8.2

8.6

8.6

8.6

8.4

7.9

22*. Ref.

, obs.

10.3
10.3

10.3

10.3

10.3

10.8

11.5

13.8

3.4
3.4

3.4

3.4

3.4

3.9

4.6

5.9

15.2 8.2

16.5 9.5

17.6 10.6

17.0 10.6

17.6 10.6

17.6 10.6

17.0 10.6

16.5 9.5

12.6 5.8

15.1

13.7

12.0

11.0

10.4

9.5

9.5

11.0

11.7

13.1

14.1

16.4

16.5

16.5

16.5

16.5

16.5

16.3

15.0

8.1

6.7

5.0

4.0

3.4

2.5

2.5

4.0

4.7

23<1.

13.0

12.2

11.3

11.0

11.5

12.0

13.7

15.2

17.2

18.2

19.1

19.1

18.7

17.5

16.0

15.3

14.2

13.0

12.0

11.5

11.5

11.5

12.4

Bef.
nlis.

6.1
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Series III
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Series III.—Tidal Observations from April 20 to Ai gi bt 3, 1854.

Hourly observations on the pulley-gauge. Adopted nailing of mean level T.0, expre i
<i in units

of the scale. Increasing numbers indicate rise of water.

June, 1854.

Mean
solar

hour.

21 Si Ri

1
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Series III.

—

Tidal Observations from April 20 to August 3, 1854.

Hourly observations on the pulley-gauge. Adopted reading of mean level 7.0, expressed in units

of the scale. Increasing numbers indicate rise of water.

Me it

hour.

8

9

10

11

Noon

1

g

3

4

II

10

11

Midn't

July, 1854.

2Sth.

/4

8.3

9.1

J.

2

9.3

9.3

9.3

9.2

7.4

5.5

2.0

2.7

2.6

3.0

3.2

5.4

6.4

9.0

Kef.

obs.

7.6
8.4

8.5

8.6

8.6

8.6

8.5

6.8

4.9

3.1

2.3

2.1

2.0
'J.l

2.7

4.9

5.9

8.5

29th.

10.6

11.3

12.3

12.5

11.::

10.2

8.4

6.1

3.0
2.:;

2.0

2.0

2.2

3.5

4.8

7.2

9.2

10.2

11.3

11.4

11.5

11.0

10.0

7.S

4.2

3.4

3.3
-l.o

4.0

6.0

Ref.

obs.

10.1

10.8

11. s

12.0

10.8

9.7

8.0

5.7

2.6

1.9

1.7

1.7

1.9

3.2

4.5

G.9

8.9

9.9

10.0

11.2

11.3

10.8

9.8

7.6

4.1

3.3

3.2

3.9

3.9

5.9

7.9

30th.

10.6

11.2

11.2

11.2

11.2
11.0

10.8

10.2

8.5

G.4

5.1

3.2

3.2

::.2

3.4

4.2

(i.l

7.0

8.3

8.5
'.'.2

9.0

8.3

7.2

6.0

5.1

4.3

4.1

4.1

4.1

5.0

5.2

G.4

Kef.

obs.

]o.;,

ll.l

ll.l

ll.l

ll.l

ll.o
10.S

10.2

6.4

5.1

3.2

3.2

3.2

:;.:;

3.4

4.2

6.1

7.0

8.3

8.5

9.2

9.0

8.3

7.2

G.O

5.1

4.:',

4.1

4.1

4.1

5.0

5.2

6.4

31st. Kef.

obs.

8.3

S.6

9.3

10.6

4.0

5.2

5.5

6.2

7.5

8.0

9.0

9.0

9.6
'.1.0

9.0

9.1

8.0

6.G

5.4

4.8

4.8

4.8 i

4.8

4.8

4.8

5.1

5.6

S.6

9.3

10.G

4.0

5.5

6.2

7.5

3.0

9.0

9.0

9.0
'J.o

9.0

9.1

8.0

G.6

5.4

4.8

4.8

4.8

4.8

4.8
4.s

5.1

5.6

August, 1854.

i i.

8.0

8.4
9.1

9.3

9.3

9.2

9.0

'J.o

9.0

7.5

4.6

4.4
4.4

4.4
4.4

4.4

4.4
5.0

5.7

7.0

8.7

9.5

l". I

10.4

10.4

10.4

10.2

9.0

6.2

6.0

6.0

6.0

6.2

6.5

Kef.

obs.

8.0

8.4

9.1

9.3

9.2

9.0
'J.o

9.0

7.5

5.5

4.6

4.4

4.4

4.4

4.4

4.4

4.4
5.0

5.7

7.o

8.7

9.5

10.5

10.5
10.;-,

10.5

10.3

9.1

6.3

G.l

G.l

G.l

6.4

G.7

2d.
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Series IV.

—

Tidal, Observations from September 1 to October 22, 1854.

Hourly observations on the pulley-gauge. Adopted reading of mean level 7.0, expressed in units

of the scale. Increasing numbers indicate rise of water.

September, 1854.

Menu
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Reduction of Tides, Van Rensselaer Harbor, 1853—'54.

Having given the tidal record in a form ready for use, the observations next

require to be properly tabulated for the purpose of deducing empirically their laws,

and for comparison with theory. In the United States Coast Survey two blank

forms are in use for this tabulation; they have in their essential part been adopted

as suitable for the Van Rensselaer Harbor tides, and were used with permission of

the Superintendent of the Survey. They are strictly applicable only for such cases

where the diurnal inequality is comparatively small, or is at least not approximating

to the production of single day tides. In order to show, at a glance, the general

character of the tides under discussion, they were plotted a second time, and are

i;iven in Plates I, II, and III; the observations having previously been referred to

the same mean level. From these diagrams it appears that the diurnal inequality

is not of so great an effect as to render the use of the ordinary method of reduction

unavailable; on the other hand, it is sufficiently large to require a special discussion

for time and height. The extension of the series of observations over a whole

year must be considered as a fortunate circumstance, since the results thereby gain

considerably in accuracy over others deduced only from a few disconnected lunations.

The tidal record would not be complete without the observations for direction

and force of the wind, and for atmospheric pressure; the reader will find these

records in my discussion of the meteorological material of the expedition, in Vol.

XI, Smithsonian Contributions to Knowledge, 1859.

The following pages contain the first tabulation of the preceding record, viz:

column 1 contains the date, civil reckoning, adopted for convenience sake. Co-

lumn 2 gives the apparent time (civil reckoning) of the moon's superior and inferior

transit over the Van Rensselaer meridian, obtained by adding nine minutes to the

time of transit at Greenwich, allowing for a difference of longitude of 4h 43^'" W.
The mean time was converted into apparent time by applying the equation of time.

The time for the lower transit was obtained by taking the mean of the time of the

preceding and following upper transit. Columns 3 and 4 contain the apparent

time of high and low water, taken from the record; in some cases a graphical

method was resorted to, to obtain the instant of these phases with greater precision.

The equation of time has been applied to the mean time in which the observations

are expressed. Columns 5 and G contain the lunitidal interval between the time

of high water and low water, and the time of the transit of the moon immediately

preceding, though in some cases, owing to the half-monthly inequality, it may be

the second preceding, the establishment being about 111 hours. This transit of

comparison has been called transit F by Mr. Lubbock.1 The next columns, 7 and

8, give the height of high and low water, extracted from the preceding abstract.

The remaining columns contain the moon's parallax and declination at noon.

1 Sec an Elementary Treatise on the Tides, by J. W. Lubbock, Esq., Loudon, 1839.
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Series III.—From April 20 to August 3, 1854.
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Series III.

—

From April 20 to August 3, 1854.
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Series III.—From April 20 to August 3, 1854.
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The second form, or Table No. 2, for reduction of tides, is specially arranged to

obtain the establishment and the halt-monthly inequality in time and height. The

first part is arranged in reference to the observed high waters; the second part, in

reference to the low waters. That the inequality in time and height should also

be made out from the low water, is specially important for stations where either

the observations are of short extent, or else where difficulties tend to render the

observations less accurate. The discussion of the low waters could not be omitted

in our case. The headings to the columns of Table No. 2, explain the arrangement

sufficiently. The results from the upper and lower transit of the moon are kepi

separate. (It need hardly he remarked that, in certain months, the sun's or moon's

lower transit can be observed at Van Rensselaer Harbor.)
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Table for the Reduction of Tides.—No. 2.

Showing the Interval between the App. Time of the Moon's Superior Transit and the Time of High

Water, and also the Heights of High Water, at Van Rensselaer Harbor, from Eour Series of

Observations made between October 10, 1853, and October 22, 1854.

0" to 1".

Moon's
transit.

App. time.

If. M

Lunitidal
interval.

II. water.

M

57

19
21

53
30

01

10

58

33
20

07
52

57

09
17

49

16

05
48
14
52
33
03

30
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Table for the Redi ction of Tides —No. 2.

Showing the Interval between the App. Time of the Moon's Superior Transit and the Time of High

Water, and also the Heights of High "Water, at Van Rensselaer Harbor, from Pour Series of

Observations made between October 10, 1853, and October 22, 1854.
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Table for the Reduction of Tides.—No. 2.

Showing tlic Interval between the App. Time of the Moon's Superior Transit and the Time of High

Water, and also the Ileights of High Water, at Van Rensselaer Harbor, from Four ISeries of

Observations made between October 10, 1853, and October 22, 1854.
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Table for the Reduction of Tides.—No. 2.

Showing the Interval between the App. Time of the Moon's Superior Transit and the Time of High

Water, and also the Heights of High Water, at Van Rensselaer Harbor, from Four Series of

Observations made between October 10, 1853, and October 22, 1854.
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Table for the Reduction of Tides.—No. 2.

Showing the Interval between the App. Time of the Moon's Inferior Transit and the Time of High

Water, and also the Heights of High Water, at Van Rensselaer Harbor, from Four Series of

Observations made between October 10, 1853, and October 22, 1854.

h to 1".

Moon's
transit.

App. time.

U.

Lunitidal
interval. Height, of

H. water.

H. water.

II. M. Ft. Deo. II

1" to 2\

Moon's
transit.

App. time.

H. M.

Lunitidal
interval.

II. wain

H. M.

Height of

H. water.

App. time.

Ft. Deo. fcs

2 h
to 3"

Moon's
transit.

II. M.

Lunitidal
interval.

II. water.

H. M.

Ileigut of
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Table fob the Reduction of Tides.—No. 2.

Showing the Interval between the App. Time of the Moon's Superior Transit and the Time of l-ow

Water, and also the Heights of Low Water, at Van Rensselaer Harbor, from Four Series of

Observations made between October 10, 1853, mid October 22, 1854.
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Table foii the Reduction of Tides.—No. 2.

Showing the Interval between the App. Time of the Moon's Superior Transit and the Time of Low

Water, and also the Heights of Low Water, at Van Rensselaer Harbor, from Four Series of

Observations made between October 10, 1853, and October 22, 1854.
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Table for the Reduction of Tides No. 2.

Showing the Interval between the App. Time of the Moon's Superior Transit and the Time of Low

Water, and also the Heights of Low Water, at Van Rensselaer Harbor, from Four Series of

Observations made between October 10, 1853, and October 22, 1854.
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1
Table for tiie Reduction of Tides.—No. 2.

Showing the Interval between the App. Time of the Moon's Superior Transit and the Time of Low

Water, and also the Heights of Low Water, at Van Rensselaer Harbor, from Four Series of

Observations made between October 10, 1853, and October 22, 1854.
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Table for the Reduction of Tides.— No. 2.

Showing the Interval between the App. Time of the Moon's Inferior Transit and the Time of Low

Water, and also the Heights of Low Water, at Van Rensselaer Harbor, from Four Series of

Observations made between October 10, 1853, and October 22, 1854.
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Table for tue Reduction of Tides.—No. 2.

Showing the Interval between the App. Time of the Moon's Inferior Transit and the Time of Low

Water, and also the Heights of Low Water, at Van Rensselaer Harbor, from Four Series of

Observations made between October 10, 1853, and October 22, 1854.
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Table for the Reduction of Tides.—No. 2.

Showing the Interval between the App. Time of the Moon's Inferior Transit and the Time of Low

Water, and also the Heights of Low Water, at Van Rensselaer Harbor, from Four Series of

Observations made between October 10, 1853, to October 22, 1855.
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The preceding tables (No. 2) contain the individual anil mean values for interval

and height, for high and low water, and the moon's upper and lower transit. The

mean, in some cases, was improved by the application of Feirce's criterion for the

rejection of doubtful observations; a few other rejections were made, as stated, in

order to obtain a well-balanced mean ; of 982 observations of the interval, but 1

7

were thus rejected.

Half-monthly Inequality.—For the comparison of the observed with the theoretical

values, it is customary to use the forms of the equilibrium theory or of the wave

theory, 1 certain modifications being necessary to produce an agreement between

these theories with observation. According to the equilibrium theory the formula

for the position of the pole of the tidal spheroid is

:

tan. 2 0=— ,
— ±—

,

h' + h cos. 2 <|>

where h and /*' are the elevations of the spheroid due to the sun and moon respect-

ively, <p the angular distance of the moon from the sun and 6' the angular distance

of the pole of the spheroid (or of high water) from the moon's place. In reality,

however, the pole of this spheroid follows the moon at a certain distance, the mean

value ?.' of which is known as the " mean establishment" (also fundamental hour,

corrected establishment), and which corresponds to a distance of the sun and moon

of ^ — a instead of <p. This retroposition of the theoretical tide has been called

the age of the tide. For the comparison of the observed and computed values

for the half-monthly inequality in time, we have the formula: 2

v '
h' + hcos. 2((?)— a)

This inequality goes through its period twice in each month. Proper values have

to be found for the ratio — and the angle a.
h'

The observations of 480 high ivaters furnish us with the following values, derived

from the preceding tabulation on form No. 2 :

—

5 An account of the Equilibrium, Laplace's and the Wave Theories, will be found in the Encyclopedia

of Astronomy, forming a portion of the Encyclopaedia Metropolitana, London, 1848 ;
article " On Tides

and Waves," by G. B. Airy, Esq., Astronomer Royal.

2 Phil. Trans. Royal Society, 1834, Parti. On the Empirical Laws of the Tides in the Port, of

London, with some Reflections on the Theory ; by the Rev. W. Whewell.

See also Phil. Trans. Royal Society, 1836, Part I. Researches on the Tides, fourth series: On the

Empirical Laws of the Tides in the Port of Liverpool. By the Rev. W. Whewell.
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From <C's upper transit.
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5h 30'" 6'' 3()"\ 7
1
' 30'", where the curve is steepest; the value — is obtained from

k

the greatest range of the inequality determined, for a first approximation, by a

graphical process. I find from the observed high waters a = h 21 ra or 5° 15', and

from the low waters a = h 50m or 12° 30'. Eange of inequality, from the high

waters, l
h 51 m or 27° 48', the sin. of which is 0.4649, and for the low waters, range

l
h 54m or 28° 30', the sin. of which is 0.4771 ; hence the expression for the half-

monthly inequality in time becomes

-r. , , t i • t. n/,v i«o^,m 0.4649 sin. 2 (d>— 5° 15')
From the observed high waters tan. 2(0'—175°49'.5)=—————— £- -— ;

'

v 1+0.4649 cos. 2 (<p—5° lo')

n,n, n,«onnrt 0.4771 sin. 2 (rf>— 12° 30')
» " " low witers tan 2 f fl—267 00 1=— -low waters tan. * [V tot vv

) 1+04771 C05> 2 (<£—12° 30')

These expressions furnish us with the following comparison :

—

HAXF-MONTIILY INEQUALITY IN TIME.

From high waters.
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In the above diagram, the observed values are indicated by dots ; the computed

values are represented by curves. From the times we have seen the meau value

* (or -^ of the wave theory and (A) of Lubbock's) = 0.471, and a = h 36m ; hence,

the age of the tide, or the time requisite for the moon to increase its right ascen-

sion by that amount, becomes ff days, or 18 hours.

Half-monthly Inequality in Height.—The theoretical expression for the half

monthly inequality in height of high water is:

n = ^ \h'- + h
1 + 2 h'h cos. 2<p\

l

where r
t
expresses the height of the pole of the equilibrium spheroid above the

mean level of the surface ; for its application, and according to the wave theory, it

must be changed to:

n = v/ \h'
2 + h2 + 2h'h cos. 2 ($>—a) }

8

The following table contains the results of the observations from the high and

low waters, and the moon's superior and inferior transit:

From superior transits.
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The values for h', h and a were found from the maxima and minima values of the

inequality, viz., for the high water:

y - •/
\ 10.G

2 + 1.5
2 + 31.8 cos. 2 ( $— 15°)

j ;

for the low waters

:

y = • J2.95
2 + 1.75s—5.16 cos. 2 (<p — 15) j

;

These expressions may be changed to

y = 10.6 + 1.5 cos. 2 (cp—15°), andy = 2.7—1.7 cos. 2 ($—15°);

they leave the following differences between the computed and observed values :

—

Moon's transit.
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The ratio
1 of the solar to the lunar tide is deduced with more exactness from the

inequality in times, and the above value is certainly greater than the average value

deduced at more southern stations. One of the reasons why this ratio is not con-

stant, and which probably applies here, is given in (538, (3) (Tides and Waves),

viz. : If tides are communicated by different channels to the same port, the pro-

portion of the solar and lunar waves will depend on the length of those channels.

This explanation would require a polar tide to enter through Kennedy Channel,

to combine with the principal tide which passes up Baffin's Bay, and enters by

Smith's Straits. According to the equilibrium theory, there should be no tide at

the pole, and but a small tide in latitude 78 £° ; but it is the tide wave propagated

from the Atlantic, which is felt in this part of the polar regions. With regard to

a, its value as found by the heights is more accurate than that found by the times;

the latter gave a = 9°, the former 15° (the same from high and low waters).

Adopting 15°, the retard or age of the tide becomes li day, by which interval the

spring and neap tides follow the syzygies and quadratures, respectively. The time-

value of a is here smaller than the height-value, which is more in accordance with

theory than the opposite, as observed at a number of places on the coast of England

(543 and 546, Tides and Waves). Compared with other values of a, the Van Rens-

selaer value appears somewhat smaller than an average at more southern stations.

AVe have further, mean rise and fall of tides at Van Rensselaer Bay 7.9 feet,

range of spring tides 11.1 feet, and range of neap tides 4.7 feet. These numbers

are averages from the discussions of 9 h lunations, and obtain without regard to the

diurnal inequality, which will be investigated further on.

Effect of the Changes in the Moon's Declination and Parallax on the half-monthly

Inequality, in Time.—In reference to the investigation of the half-monthly inequa-

lity, it is comparatively of little consequence which transit of the moon is taken

for comparison ; it is otherwise in the investigation of the effect of a change in the

moon's declination and parallax, as well as for a similar effect due to the sun, which

latter, however, cannot become a subject of investigation for the tidal series in

hand, on account of its short extent; for the same reason, the variation in the ine-

quality, in height, will have to be passed over. To ascertain the effect due to the

moon's declination and parallax, an anterior value, corresponding to a certain age

of the tide, is to be taken in the comparison ; the preceding investigation gave for

the retard li day, each lunitidal interval, minus its corresponding mean value for

the respective hour of the moon's transit, was therefore tabulated in respect to the

moon's declination and parallax (separately for each), corresponding to one day ante-

rior to the time of high or low water, thus referring the results to transit E. The

present investigation can only furnish an approximation to the true results ; the

an
1 For comparison of different values for this ratio, the following have been selected : —^ for London,

0.370; for Plymouth, 0.401 ; from the discussions of the Superintendent of the U. S. Coast Survey, for

Key West, 0.325 ; San Diego, 0.39 ; and San Francisco, 0.342. (Annual Rqnrls of 1853 and '54.)

— for Dundee, 0.277 ; fa- Brest. 0.346 : for Plymouth, 0.294.
M'"
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observations, while they give reliable value for the half-monthly inequality, cannot

be expected to give more than an approximation, to its variations. For any one

station, and any one inequality or correction to it, special examinations require to

be made to ascertain that transit of the moon, best suited for the purpose ; this has

hardly been done for any standard station, and it suffices to state here that, by

referring to an anterior transit, the whole half-monthly inequality is moved back-

ward through nearly twenty-four minutes for every transit preceding. Upon the

inequality itself, the effect is but of a differential character. Thus to refer our

table to transit E, deduct 24° from each value.

To concentrate as many values as possible to a mean, the changes of declination

and parallax were grouped for three values. The separate parcels for declination

are for declination to 13°, 13° to 21°, and 21° to 27°.5, irrespective of sign. The
parallax groups are: 54' to 56', 56' to 58', and 58' to 61'.4.

The differences of interval for the high and low waters were made out separately,

and, in general, agreed tolerably well. I obtained the following results :

—

TABLE SHOWING THE CORRECTION (IN MINUTES) TO THE MEAN HOURLY INTERVAL, FOR A CHANUE IN THE

MOON'S DECLINATION AND PARALLAX.

Moon's transit.
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The empirical values for the groups of small and middle values of parallax appear

systematic; the values in the last column for large parallax are less regular. The

maximum correction on the average is somewhat greater than one-fourth of an hour.

The corrections to the mean establishment for changes of the sun's declination

and parallax may be taken as one-third of the corresponding lunar values, and in

the present case will probably not exceed five minutes of time.

The means of each column, containing the non-periodical part, are small, and

appear rather irregular; they are variable with the transit or the moon's age

adopted in the discussion.
1

Diurnal Inequality.—We now proceed to the examination of a prominent feature

in the Rensselaer Harbor tides, namely, the diurnal inequality. This inequality

is well marked in the diagrams, Plates I, II, and III. Although the existence of

this inequality, in height and times, has long been known to practical men, it was

not until about twenty-five years ago that its laws were understood and reduced to

((imputation by Mr. Whewell.2 The subject has since been taken up by the

present superintendent of the TJ. S. Coast Survey. Prof. Bache; 5 his researches

commenced about nine years ago, and resulted in a further extension of the method

of discussion as well as in the recognition of the geographical limits of the pheno-

mena on our own coast ; further, the discussion of single day tides, produced by

this inequality in extreme cases, and here complicated by an extremely small rise

and fall of the tides, was now successfully accomplished. According to the equi-

librium theory, the diurnal tide ought to be very small in latitude 79° ; but viewing

the Rensselaer Harbor tide as a wave, produced principally in the Atlantic, and

propagated through Davis's and Smith's Straits, the existence of the diurnal

inequality in so high a northern latitude cannot surprise us. The following notes

were extracted from Captain McClintock's narrative of the voyage of the " Fox,"

' On this point the reader may consult Whewell's 9th series of tidal researches :
" Laws of the Tides

from a Short Series of Observations," Phil. Trans. 1838; also Airy, "Tides and Waves," articles 552

and following.

a Researches on the Tides, sixth series. On the Results of an Extensive System of Tide Observations

made on the Coasts of Europe and America in June, 1835. By the Rev. W. Whewell. Phil. Trans.

Roy. Soc. 1836.

Researches on the Tides, seventh series. On the Diurnal Inequality of the Height of the Tide, espe-

cially a1 Plymouth and Singapore. By the same author. Phil. Trans. 1837.

Researches on the Tides, eighth series. On the Progress of the Diurnal Inequality Wave along the

Coasts of Europe. By the same author. Phil. Trans. Roy. Soc. 1837.

Note on a Discussion of Tidal Observations at Cat Island in the Gulf of Mexico, by Prof. A. D.

Bache. Coast Survey Report for 1851, App. No. 7; Additional Notes thereto, Coast Survey Report

for L852, App. -No. 22.

On the Tides a1 Key West and of the Western Coasl of the United States. Coasl Survey Repor) foi-

l's;,:;. App. \os. 21 and 28. By Prof. A. I>. Bache.

Comparison of the Diurnal Inequality of the Tides at San Diego, San Francisco, and Astoria, on the

Pacific I loa I of the I nited Slates. Coasl Survey Report for is.vi, App. No. 26. By Prof. A. D. Bache.

Approximate Co-Tidal Lines of Diurnal and Semi-Diurnal Tides of the Coast of the United Slates

on the Gulf of Mexico. Coast Survey Report for 1856, App. No. :;:>. By Prof. A. D. Bache.

For the theoretical investigation of the diurnal tide, see also Airy's Tides and Wave-, articles 46 and

following ; and articles 562 and following.
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in 1857, '58, '59. Referring to Bellot Strait: "As in Greenland, the night tides

are much higher than the day tides." Speaking of the ice motion, and remarking

that the tides are the chief cause of it, he says: "Now we know that the night

tides in Greenland greatly exceed the day tides." Also, when near Buchan Island,

north of Upernavik, and in the vicinity of Cape Shackleton: "We had grounded

during the clay tide, and were floated off by the night tide, which on this coast

occasions a much greater rise and fall." By the labors of Dr. Kane we now know

that the diurnal inequality extends as high up as 79° of latitude on the north-

western coast of Upper Greenland. In a report of Mr. Sonntag's to Dr. Kane,

dated Godhavn, Sept. 12, 1855, he says: The mean height of spring tides is 12.8

feet, and at the time of new and full moon high water is at 12 h m
; the highest

spring tide is three days after full moon, and the night tide is at this time fully

three feet higher than the day tide. At Northumberland Island, Sept. 10, 1854,

at (after) the time of full moon high water was at IP P. M., and the night tide

rose three feet more than the day tide. These statements, crude as they necessarily

are, show that the attention of the party was fully directed to the phenomenon.

A cursory examination of the Plates (I, II, and III) shows that the diurnal

inequality extends without exception over the whole series of observation, that it

is well marked in the difference of the height of high water, but very little or

irregularly in the height of low water; that sometimes the day tide, at other times

the night tide is the higher of the two occurring in a lunar day ; further, that it

vanishes a day or two after the moon's crossing the equator, and that it amounts

in maximo to about three feet some time after the moon attains her greatest

declination. There is but one instance where the inequality approximates to the

production of a single day tide. See curve for Nov. 23, 1853.

We may now enter somewhat more fully into the discussion of this inequality,

which is produced by the interference of two independent waves, the diurnal and

the semi-diurnal, the former depending for its size chiefly on the moon's declina-

tion. For a complete study of these compound waves, they require to be examined

in their separate parts, and it would therefore be our first object to effect their

separation into the diurnal and the semi-diurnal ; a process which, when graphically

performed, is neither too laborious nor lacking in accuracy ; it is nevertheless a

process of some nicety, and requires observations of standard excellence. Upon

trial, I found the less rigorous method employed by Mr. Whewell in his discussion

of the Plymouth and Singapore tides, was better suited to the general mass of the

observations at Van Rensselaer, and that the above described process of separation

had better be reserved to that portion of our observations which are apparently

of the best character.

The observed heights of high and low water were laid down graphically, and a

line was drawn by the eye, cutting off the zigzags of the successive high waters,

leaving equal portions above and below the intermediate curve. These differences

from the mean height were then set off from another axis, and those belonging to

the hi<di water next following the moon's superior transit were marked by a curve

of dashes ; those following the moon's inferior transit were marked by a curve of

dots. These curves, without exception, were found to have alternately, as the
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moon has north or south declination, positive and negative ordinates, in perfect

accordance with the equilibrium theory, according to which the tide (high water)

which belongs to a south transit of the moon should be the greater of the two of

the same day, the moon's declination being north, or should be the smaller of the

two, the moon having south declination; when the moon crosses the equator (or,

according to experience, some time after it), the inequality vanishes; the time by

which the full effect is produced is, as in other cases of the application of this

theory, later than theoretically indicated. On Plate III are given specimens of the

diurnal inequality curve, constructed as explained above and on the same scale as

the other diagrams on these plates. By means of the diagrams, the epoch when

the inequality vanishes has been made out as follows :

—

TABLE SHOWING THE OBSERVED TIMES WHEN TnE DIURNAL INEQUALITY VANISHES, TOOETHER WITH THE

TIME WHEN THE MOON CROSSES THE EQUATOR, AND THE DIFFERENCE OF THESE TIMES, OR TnE NUMBER

OF DAYS BY WHICH THE CAUSE PRECEDES THE EFFECT. THIS DIFFERENCE IS ALSO CALLED THE EPOCH.

Year.
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The mean declination corresponds to an epoch 1.6 days anterior, which remark

applies also to the formula dh = C sin. 2 iV, representing the diurnal inequality dh

in two successive high or low waters, 6' heing the moon's declination. For the

value of C we ohtain 3.3, which gives us the following comparison :

—

DIURNAL INEQUALITY IN HEIGHT.

(Epoch l.C clays.)

Moon's declination.
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of the inequality corresponding to an increasing (irrespective of sign) declination

of the moon, but the curve appears double-crested about the time of maximum

declination, there being a sudden diminution in the inequality, preceded and fol-

lowed by high values; about the time of the moon's crossing the equator the

inequality is very irregular.

On Plate IV, the actual separation of the semi-diurnal and the diurnal wave has

been effected graphically, for which purpose a part of the best observations was

selected; these observations extend over the period from Oct. 30 to Nov. 22, 1853.

The process of decomposition in use in the U. S. Coast Survey was at first an

analytical one, by computing sine curves ; since 1855, however, a graphical process,

equivalent thereto, was substituted ; this latter method, as introduced by assistant

L. F. Pourtales, may be briefly explained as follows : After the observations are

plotted and a tracing is taken, the traced curves are shifted in epoch 12 (lunar)

hours forward, when a mean curve is pricked off between the observed and traced

curves; this process is repeated after the tracing paper has been shifted 12 hours

backward; the average or mean pricked curve thus obtained represents the semi-

diurnal wave. On an axis parallel with that on which the time is counted, the

differences between the originally observed and the constructed semi-diurnal wave

were laid off; this constitutes the diurnal curve. In the case in hand I have

simplified the process of separation by blackening the under surface of the tracing

paper with a lead pencil, and running in with a free hand ; the intermediate curves

by the pressure of a style, an average of the two traces thus left on the lower paper,

gave the semi-diurnal wave in quite an expeditious manner. On the diagram, the

diurnal curve with its epoch of high water nearly coinciding with that of the semi-

diurnal wave, appears plainly with its variation in size depending on the moon's

declination.

Investigation of the Form of the Tide Wave.—The shape of the tide wave has

been ascertained in the manner described in art. (479) Tides and Waves, and

depends on the hourly observations of 60 tides, 30 during spring tides and an

equal number during neap tides, that is, the observed heights on the day of the

syzygies and quadratures and on the first and second day after, were tabulated,

forming ten groups of three columns each, from low water to low water. The

columns of an equal number of hours (they vary from Hi hours to 11 hours) were

united in a mean. In order to combine these it Avas assumed that the interval from

the observed low water to the next following low water corresponds to 360° of

phase, and the time of every intermediate observation was converted into phase by

that proportion. In order to render the observed heights comparable, the range

from high to low water in every half tide (the reading of low water for phase

generally not being identical with the reading of the succeeding low water or phase

360°) was supposed to correspond to 2.00, and the elevation above the low water

was converted into number by that proportion, thus furnishing a series of ordinates

for equidistant abscissa?. The means of all the phases and corresponding converted

depressions within every 30th degree of phase were then taken with proper regard

to the weights, depending on the number of columns, of equal hours, united at the

commencement of the reduction. By observation of the progress of the numbers,
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it was easy to alter the latter so as to make them exactly correspond to the phases

30°, 60°, 1)0°, 120°, etc. In this manner the following numbers have been

obtained :

—

FOR THE SrRING-TIDE WAVE OCCURRING ONE AND A QUARTER DAY AFTER FULL AND NEW MOON.
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2.00

.80

.60

.40

.20

1.00

.80

.60

.40

.20

0.00

J-
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FORM t>F THE TIDE WAVE AT VAN RENSSELAER HARBOR.

Phase.
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nished to Prof. Bache by the Hydrographer to the Admiralty, Captain J. Wash-

ington, It. N., and arc given in the appendix to this paper. And finally,

Van Rensselaer Harbor, latitude 78° 37', longitude 70° 53'. High water at

F. & ('. LP 50", as derived from the preceding analytical expression. Rise and

fall at spring tide 11.1 feet, at neap tide 4.7 feet, average range 7.!) feet.

By means of the difference in the establishments of Holsteinborg and Van

Rensselaer, we can obtain an approximation to the depth of Baffin's Bay and Smith's

Straits, viz:

—

Tidal hour. Longitude. Sinn. Diftei

Holsteinborg 6
h 30 3h 35 10"

h _ m j
Difference corrected for the

Vau Rensselaer 11 50 4 4:; 16 33 ' moon's motion 6h 26m.

Assuming the distance along the channel to be 770 nautical miles, we have a

velocity of the tide wave of about 202 feet in a second, which, according to Airy's

table (174), Tides and Waves, would correspond to a depth of nearly 1300 feet, or

about 220 fathoms—a result probably smaller than the true value, since the other

observations indicate a greater depth, it may be taken as an inferior limit ; in the

same manner we rind from the co tidal hours of Upernavik and Van Rensselaer a

depth of near 800 fathoms, and a similar result from the Wolstenholm observa-

tions; this last result may perhaps he taken as an upper limit.

Soundings.—The following soundings have been copied from the log-book:

—

June 19, [853 La1 51 12', long. 52 8' (government sounding twine and Si-pound shot).

ii Mark.

11™ Red, started

19 10 While.

'' 10 Bottom, with 178 fathoms; shot bronght up with gray mud
and fine sand. The line was afterwards measured.

June 26, 1853. Lat. 59° 48', long. 50° 3' (government sounding twine and 32-pound shot).

Chroi!
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Tidal Observations made on board H. M. S. North Star, Commander Saunders, at the

Winter Quarters in Wolstenholm Sound. (From the Ship's Loo.)

Date.

1849.
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The following series of reduced meteorological observations have been prepared

from the records kept on board the yacht "Fox," in 1857, '58, ';">!>, during tin-

expedition in search of Sir John Franklin, under the command of Captain

M'Clintock, 1 R. N.

The records of these observations were presented by the commander of the

expedition to the Institution, to be used in such manner as might be deemed

best suited to advance the science of meteorology. They were accordingly placed

in the hands of Mr. Charles A. Schott, of the U. S. Coast Survey, to be discussed

in accordance with the plan proposed by Sir John Herschel in his work on .meteor-

ology, and which was adopted in regard to the records made during the voyage of

Dr. Kane in the Arctic regions. These reductions form a part of a scries of articles

on the climatology of the Arctic portions of the North American continent, which

are in the course of preparation and publication by the Smithsonian Institution.

Of these the investigations relative to the winds of the Northern Hemisphere, by

Prof. Coffin, the observations by Dr. Kane, and those by Dr. Hayes, form portions.

It is to be hoped that an opportunity will be afforded for a thorough discussion of

all the observations which have been made by the different Arctic explorers on a

similar plan, since such a work would not only throw much light on the climatology

of the continent of North America, but also on the meteorology of the globe.

The following brief account of the expedition of " the Fox," compiled from the

narrative of the commander, and other sources, will perhaps be of service in ren-

dering the observations more easily understood, as well as of interest to those who

may not have ready access to the works from which the compilation has been

made :

—

Sir John Franklin was appointed in 1845 to the command of an expedition

consisting of two ships, the Erebus and Terror, fitted out for a further attempt to

discover a northwest passage. The expedition sailed from England on the 26th of

May, 1845, and was last seen by a whaler in Baffin's Bay on the 26th of July fol-

lowing. In the autumn of 1847 public anxiety began to be manifest for the safety

of the explorers, from whom nothing more had been heard, and several expedi-

tions were sent from 1848 to 1854 in search of them. In these active exertions

Now Sir Francis Leopold McClintock.
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Lady Franklin took the lead, and by her unwearied labors and sacrifices aroused

the sympathy of the whole civilized world. Aid was offered by France and even by

Tasmania. Citizens of the United States replied to her call by equipping two

expeditions, the expense of which was principally borne by Mr. Henry Grinnell,

of New York.

In August, 1850, traces of the missing explorers were discovered, where they had

spent their first winter, but no further tidings were obtained until the spring of

ls.Vf, when Dr. Rae, of the Hudson's Bay Company, ascertained that they had

been seen by the Esquimaux on the west coast of King William's Island, in the

spring of 1850, and it was thought that they had all died on an estuary of the great

Fish River. The attempt, in 1855, of the Hudson's Bay Company to explore this

river resulted in obtaining but little additional information, and a few relics from

the Esquimaux.

It was at this time that Lady Franklin, who had previously sent out three ex-

peditions at her own expense, again earnestly urged the renewal of the search, that

the fate of her husband and his companions might not be left in uncertainty, and

in the spring of 1857 commenced the preparations for another expedition as a final

effort to trace "the footsteps of these gallant men in their last journey upon earth,"

and, if possible, to rescue from entire loss some of the scientific results for which

they had sacrificed their lives.

The small steamer Fox, of 177 tons burthen, was purchased for the service, and

Lady Franklin was highly gratified in obtaining the willing service of Captain

M'Clintock as commander of the expedition. This officer had signally distin-

guished himself in the voyages of Sir James Ross and Admiral Austin, and espe-

cially in his extensive journeys on the ice when associated with Captain Kellett.

The voyagers sailed from Aberdeen, July 1st, 1857, and after a favorable run

across the Atlantic, passed Cape Farewell, the southern point of Greenland, on the

1 3th, and arrived at Fredericshaab on the 19th of the same month. After stopping

to take in coal at Waigat, they reached Upernavik, the most northerly of the

Danish stations in Greenland, and then bore away, on the 6th of August, directly

westward for the purpose of crossing Baffin's Bay; but, on the evening of the 8th,

their progress in that direction was stopped by impenetrable ice in Latitude 72°

40' and Longitude 59° 50' west. They then steered northward with the hope of

finding a passage westward in a higher latitude, but in this they were disappointed,

and, on the 19th of August, became entangled in the ice, and thus remained two

hundred and forty-two days, until April, 1858. During this period, the "Fox"
drifted from Latitude 75° north and Longitude 62° west, eleven hundred and ninety-

four geographical miles in a southerly direction, almost to the lower extremity of

( rreenland. (See the accompanying map.)

On the 2Gth of April, the ice suddenly and almost entirely disappeared; the ship

was again headed northward for another attempt, and arrived on the 19th of June

in Melville Bay. They then again steered westward across Baffin's Bay, and,

finally, entered Lancaster Sound in the beginning of August. They next sailed

westerly and southerly until they reached the Longitude of 96° west, and about

Latitude 73° north. From this point, they returned eastward through Barrow's
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Straits, which they found clear of ice, and went southerly down Prince Regent's

Inlet to the mouth of Bellot Straits, where they arrived on the 20th of August, and

near which they were destined to remain for more than a year.

Bellot Strait, which is near Latitude 72° north, is the water communication

between Prince Rupert's Inlet and that part of the western sea now known as

Franklin Channel. It separates the extreme northern part of the continent of

North America, or Boothia Felix, from North Somerset. The shores of this strait

are faced in many places with lofty granite cliffs, and some of the adjacent hills rise

to fifteen or sixteen hundred feet above the level of the sea. Through this channel

the tide runs at the rate of six or seven knots an hour, and also frequent stormy

winds blow from the- west which probably affect the local meteorology of the

country immediately around the eastern entrance.

At the time of the arrival of the expedition, this strait was choked up with

masses of ice, but as the season advanced these obstacles so far gave way that the

voyagers were enabled to work the ship through to the western outlet. But beyond

this point they were unable to advance further in the same direction, and on account

of the exposed position they were obliged to return and seek for safer winter

quarters. These they found near the eastern entrance of the strait in a commo-

dious harbor named Port Kennedy. At this place they remained frozen up from

the 27th of September, 1858, until the 9th of August, 1859.

Early in the spring, three exploring parties set out from Port Kennedy in dif-

ferent directions, severally under the command of Captain M'Clintock, Captain

Young, and Lieutenant Hobson. The routes traversed by these parties included

the southern portion of the coast of Prince of Wales Island^—the western coast of

Boothia Felix, and the entire circumference of King William's Land. These

explorations furnished important additions to the map of the Arctic regions as well

as definite information relative to the fate of Sir John Franklin and his devoted

companions. On the western coast of King William's Island, several relics of the

lost mariners were found, and among the number a tin-case containing a record of

the unfortunate explorers.

From this record, the following facts were obtained, namely, the Franklin Expe-

dition spent the first winter after leaving England at Beechy Island near the south-

western poiht of North Devon (see map). From this place it passed down Frank-

lin Channel to within fifteen miles of the northwest coast of King William's Island

(see the spot indicated on the map), where the ships were frozen in the ice, and

finally abandoned on the 22d of April, 1848. Sir John Franklin died on the 11th

of June, 1847, and several other deaths had occurred. The survivors, one hundred

and five in number, under the command of Captain Crozier, landed on King Wil-

liam's Island, where all knowledge of their subsequent journeying ceases
;
they pro-

bably, however, all perished in their endeavor to reach a less inhospitable region.

Although the whole shore of King William's Island was three times patiently-

examined by Captain M'Clintock and Lieutenant Hobson-, :no vestige of the wrecks

was seen, and it was doubted whether any portion of them remained above water.

After making the explorations above mentioned, the object of the expedition

having been measurably attained, the explorers in the I'nx-waitcd for the advance
Li
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of the season to be released from the ice, but though the summer at Port Kennedy

was a warm one, they were not able to move before the 9th of August. At this

time they commenced their homeward voyage and arrived at Portsmouth on the

23d of September following.

During the whole time of the exploration of "the Fox," a regular series of obser-

vations was made upon the temperature, the pressure and movements of .the atmos-

phere, as well as upon the variations of the elements of terrestrial magnetism, the

tides, &c.

The meteorological observations were under the care of Dr. David Walker, of

Belfast, and were made at equal intervals of time during day and night. In winter

they were generally taken at intervals of two hours; and in summer of four hours.

Occasionally, there are found some irregularities in the time of observation, and

omissions noted in the records, but these are of rare occurrence, and are corrected

approximately in the reductions.

The reductions have been made at the expense of the Smithsonian Institution,

by Mr. Schott, whose previous labors in the reduction of the observations of Dr.

Kane have met with general approval.

The series of observations is divided into three parts, relating to the following

subjects, namely :

—

1. The temperature.

2. The direction and force of the winds.

3. The pressure of the atmosphere.

To these are added, in an appendix, miscellaneous phenomena, such as the face

of the sky, appearance of plants and animals, auroras, &c.

The following remarks relative to the observations are from communications

addressed by Captain M'Clintock to the Secretary of the Smithsonian Institution :

—

" I have much pleasure in transmitting to you the meteorological records of my
whole voyage in the Fox. I have had my two-hourly observations for the tempe-

rature and pressure of the air reduced according to the method adopted in Kane's

observations, but they have not been published in any book, nor do I think they

will be, the time required and the expense being an objection. Admiral Fitzroy

has published in the fourth number of the Meteorological Papers of the Board of

Trade a part of my observations [the temperature for noon, the face of the sky,

and the specific gravity of sea water, &c, without reduction], which I fear will not

be sullicient for your purpose. You are at full liberty to make any use you may
think fit of the observations, and should you deem them worthy of publication, it

would afford me much pleasure."

" I think it better to send the whole record than to make extracts which would

increase the chance of error and perhaps not be sufficient after all. You will thus

be able to trace my drift down Baffin's Bay and Davis' Straits and to compare it

with Dc Haven's drift.

"My magnetical observations arc in the hands of General Sabine. In the
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appendix of the second edition of my narrative, now published, you will see an

article on the Tides, as also one upon the Geology, by Professor Haughton.

Observations upon Halos, &c, with the Polariscope, have been sent to Professor

Stokes; a scries of earth temperatures, to Dr. Jos. I looker, of Kcw Botanic Gardens,

as also the specimens of dried and living plants. Natural history specimens have

also been made over to scientific friends of the Expedition, my sole object being,

to render our labors subservient to scientific ends, and with the least possible

delay."

" I quite agree with Kane's remarks as to the increase of cold during full moon.

The fact was noticed as far back as 1829-30, by Sir John Ross, in the Victory.

" I also agree with you in opinion that the apparent quantity of ozone depends

upon the velocity of the air which has free access to the box containing the* pre-

pared paper."

" I likewise think that when you have fully examined my data now in your posses-

sion you will in a great measure subscribe to my opinion as to the ice-movement

[as connected with the wind]. I referred in my letter only to the winter move-

ments of the ice when there is no discharge of water whatever from the land, and

when the precipitation in the northern regions is reduced to its minimum. The

Barrow Strait stream is almost lost in the vast expanse of Baffin's Bay, but its line

is tolerably well indicated by De Haven's drift. The entire current which brings

such quantities of ice round Cape Farewell, and up to about 65° N., appears to be

deflected off shore to the westward by banks which lie in about the latitude of 67°.

It sweeps very swiftly past Cape Walsingham, curves southward, and having united

with Barrow Strait current continues its course downward along the Labrador

coast; so that the Labrador current is not due, in my opinion, so much to water

flowing from the upper part of Baffin's Bay as to the Arctic current which sets

around Cape Farewell from the East."

"The long drift of the Terror through Hudson's Straits in 1836-37 appears to

me to be another instance of the effect of wind upon the ice, as in this case it does

not seem possible that any considerable current could always, that is to say all

winter, set out of Hudson's Bay. But it is my anxious endeavor to bring to light

facts instead of advancing hypotheses, and I do know from repeated observations

in the Fox, in 1837, and in H. M. S. Bulldog during the past summer, that the

Arctic currents [from around Cape Farewell] flow northward along the coast of

Greenland—off Frederickshaab, for instance, at from eighteen to twenty-four

miles daily, and that West India seeds have been borne by it as far north as

Egedesminde, which is in about 68° of north latitude. Our observations, there-

fore, upon the volume of water setting out of Baffin's Bay [on the west side] should

not be extended south of this point without making considerable allowance for the

current which flows around Cape Farewell, and northward up the coast."

In one of his communications, Captain M'Clintock states that the beams of the

aurora were mpst frequently seen in the direction of open water, or else in that of

places where vapor was rising. In some cases, patches of light could be plainly

seen a few feet above a small mass of vapor over an opening in the ice. This

observation is in accordance with a deduction from an examination of a large number
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of notices of the aurora in the voyages of Arctic explorations by Peter Force, Esq.,

of Washington; published in Vol. VIII. of Smithsonian Contributions (in 1856),

ely, " that on the Atlantic Ocean, and other open water, the aurora is most fre-

quent and most brilliant." These facts would appear to favor the hypothesis that

auroral displays an 1 due to electrical discharges between the air and the earth, since

such discharges would, at least in part, l>o interrupted by a stratum of* non-

ducting ice.

The accompanying map, to illustrate the voyage of the Fox, is drawn by Mr.

Schott on the plan of the projection known as the polyconie, which is a develop-

ment of the earth's surface on cones tangent to each parallel of latitude ; the radius

being the distance between the arc of the parallel and the earth's axis.

Points of intersection of the parallels and the meridians are, according to Mr.

S( hott, readily computed by substitution in the following formula?, in which as and

ii are the co-ordinates for any difference of longitude, v, on any parallel of latitude.

L, and A the normal ending at the polar axis.

x = N cos L (»— " sin
2 L + . . .)

if = iV cos L ("" sin L — '"_ sin* L + . . .)

This projection is used in the Hinted States Coast Survey, and is described in

the Report of the Superintendent, Dr. Bachc, for 185{), Appendix, 33.

Smithsonian [nstitution,

Washington, December, 1
*('.•_'

JOSEPH HENRY,
Si i retary S. I.
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RECORD AND DISCUSSION OF TEMPERATURES

The registers herewith presented include observations extending over twenty-

seven months, and amount to a total number of upwards of seven thousand. The

time is given in civil reckoning, and the latitude and longitude refer to noon each

day (unless otherwise stated). All necessary explanations are contained in the

notes accompanying the tables in which the observations are given.

The following statement is made in the preface to the Record : The registering

thermometers were frequently compared with the standard thermometers supplied

from Kew Observatory, and may be considered as free from sensible error. The

corrections were deduced from the following table, furnished by Captain McClin-

tock :

—

"A Table showing the Comparisons op Six Thermometers, made at Different Temperatures,

ON BOARD TnE YACHT FOX.

The Kew Standards were most beautiful instruments, too valuable to leave exposed. Newman's, being filled with

colored spirit, were more easily read off during winter. No. Hi having been used in 1850-51, enables us to

compare the temperatures of that winter with those of the Fox.

Thermometers
compared.
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"On February 8th, 1858, the mercurial standard No. 19 fell steadily to —40°.2 ;

then the mercury appeared to freeze, and descended into the bulb. Had the stem

been graduated down to the neck of the bulb, it would then have indicated —70°.

A -lobule of mercury corked up in a small test-tube remained fluid. Two other

mercurial thermometers (good instruments) were exposed; one fell to —42°, the

other to —40°.5. This was a very fair set of observations ; the thermometers were

taken to a distance from the ship, and freely suspended at five feet above the snow."

Taking the mean of the three Kew standards, Nos. 19, 8, and G, and comparing

the same with the readings of Newman, Nos. 11 and 7, we obtain the following

corrections to each of the registering thermometers :

—
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Mercurial Thermometers.
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X

Temperature of the Air in Shade observed on board the Yacht Fox.

(Expressed in degrees of Fahrenheit's scale.)

January, 1858.
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Temperature of the Ant in Shade observed
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tions at 4 h
, 8

h
, 12

h
, A. M. and P. M., to obtain the daily mean from twenty-four

observations :

—

Latitude. Longitude. Fahrenheit.

Boothia Felix . . . 69° 50' 92° 1' 0°.00

Drontkeim . . . . G3 26 —10 25 —0.09

Van Rensselaer . . . 78 37 70 53 —0.00

Lcith 55 5'J — 3 10 +0.06

Adopted correction ....... —0.03

The resulting mean temperature for the month of July, in latitude 02° N. and

longitude 39°.l W. is, therefore, 4-45°.56 —0°.03 = +45°.53, as given in the

general table of results. The means for the hours 4, 8, and 12, are derived from

the observations between the 6th and the 31st, omitting those on the 19th, and

taking 53° for the interpolated value at 4 h A. M. on the Gth.
1 For the sake of

uniformity, the quantity -)-l .26 has been added to each of these hourly means, so

that the mean of all may again produce 45°. 56.

The correction to refer the mean from the observations at certain hours of the

day to the mean derived from twenty-four readings a day, for the remaining months,

has been deduced from the observations at Van Rensselaer Harbor and Boothia

Felix. The following table contains these corrections:

—

Month.
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0°.l and 0°.2 alternately from the successive daily means. The monthly mean

temperature at the hours 4, 8, noon, 4, 8, midnight, was first made out (if dimi-

nished by the above constant 0°.I5, their mean would exactly give 19°.55). To

obtain the intermediate values for 2, G, 10, A. M. and P. M., the observations be-

tween the 21st and 30th were used as follows:

—

Mean temp, at midnightfor last 10 days . . . 12°.30 Same for 30 clays, 11°. 38

2 A.M. " " ... 11.85

Difference . . . —0.45

which, applied to 17°.3S, gives 16°.93; in the same way, we obtain from the fol-

lowing hour, 4 A. M., the value 17°. 38. The mean, or 17°. 15, has consequently

been adopted as the mean monthly temperature at 2 A. M. The remaining values

were derived in a similar manner.

February, 1858. On the 11th and some following days, there are occasionally

pencil figures inserted between the lines. These are neither used nor explained.

April, 1858. The daily mean from six observations differs from the daily mean

from twice this number of observations by 0°.13, as found from the values between

the 1st and 17th; a correction of —0°.13 has, therefore, been applied to the de-

duced means on aud after the 18th, in order to refer the same to the result produced

by twelve observations. The hourly means at the bottom of the page were ob-

tained in the manner explained in the note to the hourly means of the month of

September, 1857, viz : through a comparison of the hourly means of the full series,

and applying the correction (the mean found from the preceding and following-

column) to the monthly mean at the hours 4, S, 12, etc.

May, 1858. The temperature at 8 A. M. on the 2d was assumed to be 30°.5.

March. IS 59. The correction to refer the mean from six observations on each

of the last four days of the month to the daily mean as resulting from twelve ob-

servations, was found by comparison of the respective means on the twelve days

preceding; it was found —0°.1G. The mean hourly temperature for the hours 2,

0, 8, 10, was obtained by the process applied on two former occasions.

April, 1859. The bar in the column for 4'' and in the column for midnight,

indicates that the observations were taken one hour later and one hour earlier, or

at -V and ll 1
' respectively. This practice was discontinued on the 5th of July

following.

July, 1859. For the temperatures of the 5th, at the hours 2, 4, 6, 10, A. M.,

I have adopted the interpolated values 36°, 30°. 5, 39°, 43°, respectively. The

correction to refer the mean of six observations (hours 5, 8, noon, 4, 8, 11) to the

mean of twelve observations (hours 4, 8, 12, A. M. and P. M.), was derived from

the tables constructed for Van Rensselaer and Boothia Felix; the latter value

having the weight 2, it was found = —0°.21, which quantity was applied in the

first column of means, July 1st to July -1th inclusive. To obtain the correct

hourly means for the month, the numbers in the column for 5
1
' (first four days)

were first referred to the reading at 4 1
' by subtracting 0.5. The same correction

v. ;i applied to refer the readings from 11 P. M. to midnight. The monthly means
lor the hours 1. S. 12, A. M. and P. M., being known, the means for the interme-



OF OBSERVATIONS FOR TEMPERATURE. IT

diate hours were found by comparison of the respective readings on the last twenty-

seven days of the month, as has been explained in similar cases.

August, 1859. The value 34°.0 for the mean temperature on the 17th was
interpolated, which required a corresponding diminution of 0°.08 for each of the

hourly means, in order to produce the same monthly temperature of + 3G°.58.

September, 1859. The means of this month are of little value, the month being
incomplete, and the change in latitude (and longitude) very considerable.

The two following tables contain a recapitulation of the results of the preceding
abstracts. Table I exhibits the mean monthly temperature at the locality indi-

cated by its latitude and longitude, also the relative maxima and minima, and rela-

tive monthly extreme range, as observed in either the bi-hourly or the four-hourly

series. The absolute maxima and minima were not recorded. Table II contains

the mean monthly temperatures for each observing hour, and is intended to serve
as the basis for the discussion of the diurnal variation, while the first table fur-

nishes the means for the discussion of the annual variation of the temperature.

The column headed '-'mean," in Table II, differs from the corresponding column in

Table I, for this reason : that, in Table II, no correction has been applied to refer

the mean of six or twelve observations in a day (as the case may be) to the read-

ing of twenty-four observations.

Table
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Table II. Diubnal Variation of the Temperature of the Air in* Shade.

filiation of the preceding mean hourly yalm i i b month, and of their monthly mean temperature.

Lai
. Month

1857

18

IS

July

Dec.
.Tan.

March
April

Jnne

Nov.
Dec.

Feb.

March

April

Jnly

62.0

74.0

75.2

74.8

73.2

74.6

74.4

73.1

72.0

72.0

72.0

72.0

72.0

59.1

57.7

60.1

88.5

94.4

94.2

94.2

94.2

94.2

94.2

94.2

72.0
72.li

71.9

94.2

40.9

2* 4"

+17.15.
J- 4.37-
— 4.1'::.

_22.oo;-

—16.55
— 5.43

4. 3.03

11.53-

36.64-

21.06 -

44.78

33.16

• 4.31

4.58

22.23

16.18

6.03

-34.52

-24.25

. 7.52

11.20

32.41

34.26

36.32
21.00

— 4. 38

4-33.33

4-36.51 437.24
. . 4-34.85
. . 443.6O

6" S" 10»

416.75
4 5.29
— 4.98
—21.47
—24.92

in. us

5.60

4 4.13

—I11.60

33.97

—21.57

439.24

--45.24
--33.99
--18.78
-- 6.29
— 4.98

—21.10!
—24.72
—15.55

1

- 3.4 I

+ v - ;;1

4-29.69
4-35.92
+36.39
4-34.44
4-24.68

4 7.37

—10.33
—33.32
—33.97
—35.97
—19.45

2.27

41 6.50

4-38.05

t
20

6

I

21.

24

—15.
— 1

410

Noon.

.29

36.37

445.70

—10
—32
—33
—35
—14

-4-46.

36.

22.

7.

4.

21.

24,

11,

0,

12.

--32,

37,

39,

35

426
- 9,

10,

32,

33
—35,

11,

442.90

4" 6"

423.16
4- 7.32
— 4.62
—21.48
—24.52

13.95

4 0.74

413.37

46

39

07

39

42
21

16

11

17

62

28
110

IS
40
4:.

03
32 — II.07
si — :;2.74

31—33.55
25|—35.25

—12.03

4 1.25

4-18.81
4-39.82

443.48
4-37.97
417. 60

442.34

17.

36.

. 6.

4,

21.

25,

11.

0.

.12,

32.

38.

.35.

.26,

- 7,

11,

33,

33,

35,

13.77

0.60

18.21

36.92

441.9s
437.65
4-47.30

i

420

±1
—21,
—24
—15,
— 2,

+ 10

—11,
—33,
—32,
—36.
—IS.

4-45.

•34.

16 419.
68 4 5.

82

441.07

—21
—25,
—15.
— 4,

4- 1

30

4-36

--34
— -25

—12
—33
—33
—36
—19,

— 4.07

414.20
4-33.93

440.02
-1-37.10

4-45. 60

10"

418.63
4- 4.81

5.17

21.86
—25.08

15.43
— .5.57

4 6.14

—12.23
—33.40
— 33.11

—35.96
—19.52

438.5«

Midn't. Mean.

44.26
13.31

17.38,

4.31

6.07

22.24
25.0H

15.70

• 6.01

• 5.63

.27.73

.33.50

.34.74

.33.57

.24.73

. 6.53

12.57
33.29

36.59
20.66

4-45.56

419.54
5.71

— 4.88
—21.5
—24.84

L5.31
— 3.31

4 8.04

34.52
--25.43
-- 7.54

1 L.29

—32.97

—3,6.0:;

— 17.7'

— 5.82

411.39
4-31.08

436.98
4-35.52
4-45.00

X

2.45

15.42

I

40.13
36.58
-15.su

Discussion 0/ the Annual Variation and of the Temperature at Different Seasons

of the Year.

The monthly moans brought out in Table I refer to different localities and years,

and require to be combined with reference to these changes. The " Fox" remained

stationary at the winter quarters for nearly a whole year—between August, 1858,

and August, 1859—and we will, therefore, first examine the annual variation, the

mean temperature of the seasons and of the whole year, for Port Kennedy, in north

latitude 72° 01', west longitude 94° 14', near the eastern entrance to Bellot Straits,

which separates North Somerset froom Boothia Felix. Our monthly means for

1st, 1S5S and 1859, require to be corrected for difference of position. For this

purpose, 1 have projected on a suitable chart the two isothermal lines for the month

of A.ugust, constructed by me on the basis of Dove's investigation, and published

in the 2d volume, Appendix No. XIII, of Dr. Kane's Narrative of "his Arctic Ex-

pedition (north of Smith Straits), in the years 1853-54-55. By means of these

curves, we find that the positions of August, 1858 (viz., latitude 73°. 1, longitude

88°.5), and of August, 1859 (viz., latitude 71°. 9, longitude 79°. 8), can be assumed
as lying nearly on the same isotherm, with a temperature of 1°.4 Fahr. relatively

collier than the isotherm passing through Port Kennedy in that month; the nor-

mal distance between the isotherms differing 4°.5 in temperature being nearly 6°

oi arc. In the following table, the temperature for the month of August is derived

from the mean of the respective observations of 1858 and 1859 increased by 1°.4,

111 order to refer the value to the locality of Port Kennedy.
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Table III.—Mean Monthly Temperature of the An: in Shade observed at Port Kennedy,
in Latitude 72° 01' N., and Longitude 94c 14' W., in the years 1858 and 1859.

1858-'9

1858

1859

August
September
October
November
Deoember
January

+36°.95
4-25.43

4- 7-59
— 11.17

—32.97
—33..

r
.7

1859 February
March
April

May
June
July

—36°.0(S

—17.76
— 2.62

4-15.04

4-35.11

4-40.12

To express the above and other periodic results in an analytical form, Bessel's

formula of interpolation for periodic functions, and depending on the method of
least squares, 1

will be made use of throughout the discussion; a practice which has
now become almost universal in meteorological and many other physical investi-

gations.

The above numbers will be found represented by the formula

—

T= +2°.17 + 3S°.70 sin (fl + 248° 4') + 0°.58 sin {1o + 279° 57') + 1°.14 sin (So + 275° 53')

T representing the monthly values of the annual variation, and the angle 6 count-
ing from January 1st at the rate of 30° a month. According to this expression,
the mean annual temperature at Port Kennedy is 4- 2°. 17 Fahr.
The strict application of Bessel's formula requires the intervals between the

successive observations or means to be of equal length, and a small correction,

therefore, becomes necessary on account of the unequal length of the months.
This correction, generally too small to be noticed in low latitudes, is of sufficient

magnitude in very high latitudes not to be neglectable. The following numbers
show the quantity, in days and fractions of a day, by which the middle of each
actual month differs from the mean of each month of average duration (30.4 days
for a common, and 30.5 days for a leap, year), and for which interval a correction,

—depending, also, on the magnitude of the variation of the temperature—is to he

applied. A positive sign indicates that the middle of the actual month occurs
earlier than the middle of the normal month ; a negative sign indicates the reverse.

Commencing with January, and proceeding in regular order, these intervals are as

follows :

—

2

-0d
.3

-0.2

+ 0.6

+ 0.2

+ 1.5

+ 0.8

+ 1.5

+ 0.8

+ 1.4

+ 0.8

+ 1.3

+ 0.8

+ 1.2

+ 0.8

+ 0.7

+ 0.2

+ 0.fi

+ 0.2

+ 0.5

+ 0.2

+ 0.4

+ 0.2

+ 0".3

+ 0.2

The upper line is for a common year, the lower line for a leap year. These num-
bers suppose the angle 6 to be zero for the commencement of the civil year, and
that the daily mean temperature, so far as the annual fluctuation is concerned,
refers to the middle of the day. The corrections become greatest for the spring

and autumn months, when the annual variation is most rapid. To obtain an ap-

1 Explained at length by Sir J. Herschel in the article "Meteorology," Vol. XIY, 8th edition of the

Encyclopaedia Britannica.
8 These numbers were given in my discussion of the meteorological observations of the second Grinndl

Expedition, under command of Dr. E. K. Kane. See Vol. XI of the Smithsonian Contributions to

Knowledge, 1 859.
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proximate value for the diurnal change for the middle of each month, the above

formula was used, the increase in the value of 6 for one day being 59'.2. Multi-

plying the daily change into the above intervals, we obtain the following mean

monthly temperatures corrected for unequal duration, to which numbers the cor-

rection for index error has been added, as given in the third column of the table.

Poet Kennedy. .Mean Temperature of the Air in Shade in each Normal Month.

Month.

January .

February .

March .

April . .

May . .

June

Mean temp.

—35.87
- L6.98
— 1.68

4-15.87

4>35.67

Corr'd for index.

—34°.44

—36.89
L7.44

— 1.98

4-15.87
4-35.67

Mi.nth. Mean temp. Corr'd for index.

July . .

August
September
October
November
December .

-39°.98

--36.76
-25.13
- 7.27

-11.43

-33.09

--39°.98
--36.76
--25.13
-- 7.12

—11.86
—33.75

The maximum corrections for inequality in the length of the month were +0°.94,

in April, and —0°.32, in October. The above monthly means, as corrected for

index error, will be found represented by the expression (II)

—

T= +2°.02 + 39°.20 sin (o + 249° 5') + 0°.80 sin (29 + 256° 56') + 1°.06 sin (39 4 274° 43')-

The numerical coefficients differ but slightly from the corresponding values in the

first expression. The observations are represented as follows (the hundredths have

been omitted as having no real value) :

—

Month.

January
February
March
April

May
June

Mean
corrected

for index
error.

—34°.40

—37.08
—1S>22— 2.92

4-15.04
4-3J.ll

Mean cor-

rected for

index and
inequality.

—34°.44

—36.89
—17.44
— 1.98

4-15.87

4-35- 07

Same bv
Form. II.

—38°.42
-- 33.13
—19.74
— 2.07

4-17.52
4-34.01

Differ-

ence.

4-4°.0

4-2.3

4-0.1
—1.6
+1.7

Month.

Mi- an
corrected

for index
error.

July
August
September
October
November
December

--in .12

! 95

--25.43
-- 7.44
—11.60
—33.63

Mean + 1.85

Mean cor-

rected for

index and
inequality.

--39°.98
--3(3.76

--25.13
-- 7.12

—11.86
—33.75

4- 2.02

Same bv
Form. II

4-40°. 92
4-36.81
4-24.94

+ 7.65

—13.12
—31.13

4- 2.02

Differ-

ence.

—0°.9

0.0

40.2
—0.5
41.3
—2.6

0.0

The differences between the observed and computed mean monthly temperatures

are greatest in winter, which is due to the greater fluctuations of the temperature

in that season. The same result was found from my reduction of the Van Rensse-

laer Harbor temperatures, as observed by Dr. Kane. The average probable error

of representation of the mean temperature of any one month is accordingly +2°.l,

and of the result for the mean annual temperature +0°.6.

The following table contains the temperature of the several seasons at Port Ken-

nedy; December, January, and February being reckoned as winter months (and

so on for the other seasons), in accordance with meteorological usage. The results

by Formula II refer to the corrected normal months ; the results headed " by ob-

servation," are corrected for index error.
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Mean Temperatures of the Seasons.
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By means of Table I, we can make the following combinations of mean tem-

peratures of the seasons of the year at different localities, which tabular numbers

and combinations may be useful in future investigations of the course of the

monthly isothermal lines, and of the isotherms of the several seasons.

Year.
North

latitude.

West
longitude.

Mean
temperature.

Corrected for

iudex error.

1858

Autumn
Winter
Spi ing

Summer

75°.l

73.0
68.0

74.0

b7°.3

64.0

75.0

+ 6°.82

—20.59
+11.53
+35.70

+ 6°. 74— 2ii.T:i

+ 11.47

+35.70

The last three (but one) columns of Table I, exhibit the observed montbly

maxima and minima of the temperature, and the extreme monthly range. These

numbers are only relative, since the absolute extremes were not found recorded.

The highest temperature observed near Port Kennedy was +55°.0, on July 29th,

L859, and the lowest, —49°.8 (the index correction having been applied), on

January 21st, 1859, and February 15th and 18th, 1859. Extreme range recorded

at the winter quarters of the "Fox," 104°. 8 of Fahrenheit's scale. To compare

with the above numbers, Dr. Kane recorded at Van Rensselaer Harbor a maximum

temperature of +51°. 0, on July 23d, 1854, and a minimum temperature of—66°.4,

on February 5th, 1854, and of —65°.5, on January 8th, 1855; observed absolute

range 117°.4 Fahr., exceeding the Port Kennedy range by 12°.G.

The monthly range is greatest in March and April and in October and November;

its value may be set down as 52° at Port Kennedy. This range is least in Decem-

ber and January and in July and August, when it does not exceed 27°. The ex-

treme montbly range occurred in April, 1858 (viz., G4°), and in August, 1859

(vi/., 17°).

Diurnal Variation of the Temperature.

The material collected in Table II furnishes the basis for the discussion of the

diurnal fluctuation of the temperature. The hourly means (at certain observing

hours) recorded there do not present the true daily fluctuation of the temperature

in each month, on account of the disturbing effect of the annual change during the

interval of a day, an effect which cannot be neglected in a locality where the

annual fluctuation amounts to the excessive quantity of 79°.4. The tabular num-

bers, therefore, must first be cleared of this disturbing effect. This is best done by

computing, by means of our expression for T, the change of the annual variation

in a day for the middle of each month, and by correcting the means for the hours

A. M. and 12 P. M. by one half of this change, with opposite signs. There is no

correction for noon, and a proportional one for the intermediate hours between

morning and noon, and between noon and midnight; the signs in the second in-

terval being the reverse from those in the first. The diurnal fluctuation during

the long arctic night is so small as to be almost effaced by the overpowering effect

of the annual fluctuation during a day.

C »nfir attention for the present to the diurnal variation of the tempera-
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ture in each month at Port Kennedy, we find an anomaly in the table of results

in April, May, and Juno, 1859, when the symmetry of the observing hours is

interrupted by observations being taken at 5 A. M. and 11 P. M. To remedy

this defect, I have first established an approximate equation of the diurnal varia-

tion, and, by means of it, computed the difference between the mean at 4 h and 5'',

and also between ll h and 12 u
. These differences were applied respectively to the

mean for -V' and to the mean for IP, which gave the deduced means for P' and 12 h
.

The maximum corrections for diurnal effect of the annual change occur at mid-

night, and are as follows:

—

fn January

I't bruary

March

April .

.May .

June .

0°.00

—0.15

—0.26
— 0.32

—0.30
—0.22

In July .
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The following table (IV, 6) contains the interpolated values, by the insertion of

which Table IV will be rendered complete :

—

Table IV (b).—Additional Dourly Values of the Diurnal Fluctuation at Port Kennedy.
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Rensselaer Harbor occurred in April, amount 9°.09, and in November, amount P.00

;

showing a correspondence in amount but not in time. The diurnal variation never
disappears altogether, and even during the long arctic night there appears to be a
daily propagation or existence of a thermal wave producing a range of about 1°.

The amount of the amplitude changes tolerably regular from month to month
;

the high value in March, however, either presents a distinct feature or is due to

some anomaly. Altogether, the curve indicates no secondary maximum, such as
was found in September at Van Rensselaer Harbor.
On the average, the maximum temperature is reached between noon and 1 P. M.,

and the minimum between 2 and 3 A.M.; whereas, at Van Rensselaer Harbor,
these hours were respectively 2 P. M. and 1 A. M.
The following table contains the hourly values of the diurnal variation for each

season and the whole year :

—

Table VI.

—

Diurnal Variation in each Season.
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If we supply the constant term, and change the epoch from noon to midnight, as

in tlic above expression, the diurnal variation at Van Rensselaer Harbor has been

represented by

t = _2°.01 + 1°.85 sin (9 + 244° 55') + 0°.08 sin (29 + 97°) + 0°.03 sin (39 + 308°),

which is here added for comparison.

In either expression, the constant term might be omitted, as not essential in the

inquiry of the diurnal fluctuation; or the values +2°.02 and — 2°. 20, which are

the true mean annual temperatures respectively, might be substituted in their place.

The maximum and minimum value is given by the formula:

—

o = +2°.02 cos (0 + 252° 57') + 0°.51 cos (29 + 117°) + 0°.28 cos (39 + 251°).

The following diagram (C) exhibits the diurnal variation during the whole

year :

—

(C.) Diurnal Variation.

Midn't 2" S u 10" Midii't

Hourly Corrections for Periodic Variations.—Under this head, a number of tables

have been given by Prof. Guyot in his meteorological and physical tables, prepared

for the Smithsonian Institution. These tables furnish the means of correcting other

incomplete material at stations in the vicinity. A similar table was prepared by

me for Van Rensselaer Harbor. The following table for Port Kennedy is directly

derived from the values in Table II, in connection with Tables IV and IV (b).

For those hours requiring interpolation in the latter case, the small corrections for

the effect of the annual change during a day has again been deducted.

Arctic America Port Kennedy, Lat. 72° 01' N., Long. 94° 14' W. of Greenwich.
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Owing to the fact that the observations extend over one year only, the table, in

some instances, must necessarily contain some small irregularities. The closest

results are obtained from the hours G, 2, 10, which was also the case at Van Rens-

selaer Harbor.

Connection of the Lunar Phases with Low Winter Temperatures.

The apparent connection of the lunar phases with the observed temperature of

the air during the Arctic winter, the thermometer being below the zero of Fahren-

heit's scale, was long ago noticed by Arctic explorers, and was again independently

observed by Dr. Kane, in the discussion of whose observations I have attempted

an explanation of the phenomenon. In that paper, the connection of the lunar

phases with the serenity of the sky and the fall of snow was also discussed ; for the

observations now on hand, the numerical relations alone will be represented.

Dividing the daily means of the temperature into penthemers (or periods of five

days), a table was formed showing the time of full and new moon and the mean
temperatures; and, by means of differences of the alternate means at these periods,

the amount by which the mean temperature is lower at full moon than at new
moon is exhibited in column headed A.
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The average fall of the temperature for the period from new moon to full moon,

from the above comparisons, is 7i°. The separate results may, perhaps, not ap-

pear as conclusive as those obtained at Van Rensselaer Harbor (lat. 78°. 6) ; still,

the general deduction is confirmed. The following account of the weather for each

day, the day preceding and the day following, of the full and new moon, is copied

from the record and refers to noon. Beaufort's signification of letters is used.

Full Moon.
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this variation will disappear in the resulting average values. In the exceptional

case when no observations are recorded at 6 A. M. and P. M., the mean of obser-

vations at 4 and 8 A. M. and P. M. were substituted. For notes referring to the

observations of the winds, see the record or Part II of this discussion. The direc-

tions of the wind are " true." This method of investigation is less laborious than

that followed by me in a similar discussion of the temperature of the various winds

at Van Rensselaer Harbor.

All results in Baffin Bay have been united, and a second group has been formed

from the observations at Port Kennedy.

The seasons and localities for Baffin Bay, for which results were deduced, are as

follows :

—

Season. Months.

Autumn—Sept., Oct., Nov., 1858 .

Winter—Dec., 1858, Jan., Feb., 1859

Spring—March, April, May, 1859

Summer—June, July, August, 1859

Mean .

Between latitudes

75°.3 and 74°.8

74.3 71.5

69.4 68.7

74.6 73.1

72°.5 N.

Between longitudes

65°. and 69°. 1

67.4 60.9

59.1 53.7

60.1 88.5

65°.8 W.

This average position is nearly in the middle of Baffin Bay.

Elevating or Depressing Effects of the Winds on the Temperature of tiie Air.

+ warmer, — colder, than the mean temperature.



Baffin Bay.
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strewn over the land, but from below six inches it was of a yellowish mud. The

thermometer used was one of very small bore, with a long stem finely graduated

(it had been prepared for taking temperatures of trees). From 18th to 29th Sep-

tember, 1858, no register was made, as the ship was not in port; also from 18th

to 28th March, 1859, as I was absent from the ship travelling. The minimum
temperature registered was +0°-5, on March 10th, 1859; the lowest may be as-

sumed as at zero, on March 16th. The register was continued until June 18th,

when water entered the tube, and the thermometer was frozen to the side so that

it could not be detached. Column No. 1 gives the register of this thermometer.

Column No. 2 gives the depth of overlaying snow, which was always greater than

the average on the land. On 17th January, 1859, a tube was placed one foot one

inch deep in a mixture of shingle and earth ; in this a thermometer was placed.

The position of the ground was such that scarcely any snow lay upon it, the strong

wind constantly blowing removing it almost as soon as deposited. Column No. 3

is the register of this thermometer. February 12th, 1859, a tube was placed hori-

zontally on the surface of the ground, beneath the snow lying on the ground,

where thermometer No. 1 was sunk. The temperature as shown by this thermo-

meter (Column No. 4) was registered until the snow all disappeared. Column No.

5 gives the mean temperature of the air for the day on which the registers of the

diiferent thermometers were taken. Column No. 6 gives the mean temperature

of the air for the number of days or hours intervening between the registers of the

thermometers. All the temperatures of the different thermometers are corrected

so as to reduce them to the standard of the air thermometer, comparisons having

previously been made as opportunity offered."

(Signed) DAVID WALKER.
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Date.
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18th, 1858, and continued till September 11th, 1858. They were again resumed

August 21st, 1859. Some other observations will be given below. For the lati-

tude and longitude, see preceding abstract.
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O P O 15 S E R V A T IONS F O R T E M P E IUTU R E

.

35

Table of Mean Results for Temperature of the Surface of the Sea.
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Table oi Mean Monthly Temperattjbeb Registered by Modern Expeditions to



PART II.

WINDS.





RECORD AND DISCUSSION OF THE DIRECTION AND FORCE OP THE WIND.

The direction and force of the wind was recorded at the same hours as those

given in the preceding record of the observations for temperature, and are the same

at which all other meteorological observations were made.

In the preface to the journal containing the original record, Captain McClintock

states—"The true direction of the wind is given throughout;" and "the force of

the wind is indicated according to the Beaufort scale of notation, to 12, see Ad-

miralty's Manual." Comparing the direction of the wind given in the fourth num-

ber of Meteorological Papers published by authority of the Board of Trade, 1860,

I find that for a part of the cruise the magnetic direction is given, which in Cap-

tain McClintock's record is already converted into " true," the magnetic variation

having been applied ; I have, therefore, added to the record of the wind the ob-

served variation of the needle to show the amount allowed for in the conversion of

the directions. The proper reduction of the winds requires a knowledge of the

velocity of the air corresponding to each number expressing the force according

to Beaufort's scale; this I have derived from the following table :—

Denomination of wind-

Calm

Light air

Gentle breeze .

Moderate breeze

Fresh breeze .

Strong breeze

Fresh gale

Strong gale

Storm

Tempest

Hurricane

The relation of the tabular numbers of pressure and velocity is in accordance

with Smeaton's table, and also agrees with that following from Dr. Bernoulli's for-

mula. By simple proportion, or by means of a diagram, we obtain the following

velocity number corresponding to Beaufort's scale, or to a graduation from to 12.

Estimated
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orce according

to Beaufort's

notation.



OF THE DIRECTION AND FORCE OF THE WIND. 41

Direction (true) and Force of the Wind observed on board the yacht Fox.
July, 1857.—Mean position: Lat. 02° N. ; long. 39°. 1 W. of Greenwich.

1

2

3

4
5

6

7

8

9

10
11

12
13
14
15

16

17
18
19

20
21

22
23
24
25
26
27
28
29
30
31

PATE.

1

2
3

4
5

6

7

8

9

10
11

12
13
14
15

16
17
18
19

20
21
22
23
24
25
26
27
28
29
30
31

4li.

S. S. W.
S.

N. E. by N
N.
N.W.byW
E.

E. S. E.

E. by S.

E.

N. N. E.

N. N. E.

N. W.
Calm
Calm
W. by N.
N. W.
N.W.byW.
N.
S.

N. W.
N.W.byN.
N.W.byN.
Calm
N.
N.

N.

N. N. W.
E. S. E.

W. N. W.
E. by S.

8k.

. S. W.

.byN

2W
4S.
5 N. E
6 N.
1 S. W.
Calm

6 E. S. E.

7 E. by S.

4 E. N. E.

4 N. N. E.

6N.
1 N. W.
1 E'ly

1 S. E.

IS. W.
4N. W.
2 N.W.byN.,

6 S.

2 S. W.
5 N.W.byN.
4 N.W.byN.
4S. W.
5 N.
1 N.
4 N.

1 N. N. W.
4E.
4 N.W.byN.
2 E. N. E.

Noon.

4 S. W.
5 S. S. W.
5 N. E. by N
4N.
1 N. W.
1 K.

<: E. B. E.

5 E
« E. N. E.

5 N. N. E.

4 N. by W.
1 W. N. W.
2 S. E.

4 N. W.
1 s. w
5 N. W
3 N. W

4b.

. byS

E.

5 S. by E.

2 S. W.
5 N.W.byN
6 N.W.byN.
6 S. E. by S.

1 N. N. W.
2N.
3 N. by W.
2 S. S. E.

4E.
5 N.W.byN.
Calm

4 S. by W.
1 N. W.
« N. E. by N.
2 W. N. W.
1 W. N. W.
1 E.

7 E. by S.

3 E.

5 E. by N.
5 N. N. E.

4 N. N. E.

1 W. N. W.
2 E'ly

4 W. by N.
1 S.W.
4 N. W.
2 N. N. W.
4 S. W.
4 S.W.
2 N.W.byW.
5 N.W.byN.
4 N.W.byN.
2 S.W. by S.

2 N. N. W.
2N.
3 N. by W.
4 E. S. E.

2 S. S. E.

7 N.W.byN.
Calm

8h. Midn't.

4 S.W. by

W

Calm
6 N. by E.
2 W. N. W.
1 W. N. W.
3 E. S. E.

7 E. by S.

2E.
1 E. by N.
6 N. N. E.

4 N. N. E.

1 N'ly

4 E'ly

5 N. N. W.
1 S.W.
4 N.W.byN.
2 N.W.byN.
5 S. W.
3 N. W.
2 N.W.byW.
3 N.W.byN.
2 N.W.byN.
1 N. W.
1 N.
2N.
5 N. N. W.
6 E. S. E.

2S.
7 N.W.byN.
Calm

4 S. S. W.
4 N. E. by N.
7 N. by E.

2 N.W.byW.
1 N. W.
4 E. S. E.

7 E. by S.

lS'ly
1 var.

7 N. N. E.

2N.
1 N'ly
4 E. by S.

1 N. N. W.
2 N. N. E.

2 N.W.byN.
2 N.W.byN.
5 S. S. W.
3 N. W.
2 W.
3 N.W.byN.
2 N.W.byN.
3 N. W.
1 N.
2N.
4 N. N. W.
7 E. S. E.
1 S.

N.W.byW.
Calm

Varia'u
allow'*!.

w.
36°

37
42
47
51

52
55

55

55
55

55
56
59

The variation
applied for the 2d,
3d, 4th, aud.fth is

not given.

1.0th. Current
N. N. W. 16'.

19th. Current
N. N. W. 18'; va
riation applied,
between the 19th
& 26th not stated

62
64
70
72

August, 1857.—Mean position: Lat. 74° N. ; long. 59°.8 W.

4b.

Calm
4 S. E. by E.

1 E'ly

6 S. E. by S.

5 W.
4S'ly
1 S. E. by S.

3 N. E. by E.

5 S. E.

3 S. S. E.
4 X. W.
1 N. W.
Calm
Calm
Calm

1 W'ly
6 S. E.

8b. Noon.

E.

5 S. E.

1 E. N,

6 S. E.

1 S. E.

1 N. W.
1 E.

1 N.

3N.
2 E.

5 E.

Calm
1 S. E.

3N.
8 S. S. E.

K.

byS.

Calm
3N. E.

Calm
2 S. E. by S.

5 W.
5 S'ly

3 W. N. W.
2 N. E. by E
5S.
3 S. S. E.

3 W. N. W.
1 S. W.
Calm
Calm
Calm
Calm

4S. E.

4 E. S. E.

1 E. N. E.
5E.
2 S. S. E.

Calm
1 E.

2 N. by E.

4 E. by S.

3 S. by E.

6 E. S. E.

2 E. by S.

1 S. E.

3N.
8 S. E.

Calm
lE'ly
Calm

8 S. E. by S.

4 W.
6 S. S. E.

2 N. N. W.
2 N. E. by E
5 S. S. E.

3 S. S. E.

4 N. W.
2S. E.

Calm
Calm
Calm

2 S. S. E.

2 S. S. E.

3 E. S. E.

1 E. N. E.

4 S. E. by S.

2S. W. byS.
Calm

4 E. N. E.

2 N.W.byN.
6 E.

5 E. S. E.

4 E. N. E.

1 E. S. E.

2 E. S. E.

5 S. E.

5 E. N. E.

4h.

3 S'ly

1 E'ly

4 E. by S.

6 N.W.byW
5 W. by S.

6 S. S. E.
2 N'ly
4 E. by N.
3 S. S. E.

1 W. N. W.
3 N. W.
2S. E.

Calm
Calm

3 N. W.
3 S. S. E.

4 S. S. E.

2S. E.

2 S
3 S. E. by S.

1 S.W. by S.

IS. E.
3 E.

3 N.W.byN.
6 E. by N.
3 E.

3 N. E. by E.

1 E. S. E.

1 N.W.byW.
7 F
3 N. N. W.

Sh.

4 E. S. E.

Calm
4 S. E. by S.

4 N.W.byW.
5 W. by S.

8 S. S. E.

1 N'ly
4 E'ly
3 S.

2 W'ly
3 N. W.
Calm

1 N'ly
Calm

3N. W.
3 S. S. E.

4S. E.

1 S. E.

3 S. S. E.

2 S. E. by S.

1 S. W. byS.
1 S. E.

2 E. N. E.

3 N.W.byN.
6 E. by N.
5 E. by N.
2 E. N. E.

1 S. S. E.

4 W. N. W.
7 E. S. E.

6 N.W.byW.

Midn't.

5 S. E. by E
Calm

6 S. E. by S.

4 W. N. W.
5 W. by S.

4 S. S. E.

3 N'ly
5 E'ly
3S. E.

2 N. W.
2 N. W.
Calm

1 N. E. by N
Calm

3N. W.
5 S. S. E.

6 S. E.

1 S. E.

5 S'ly

2 S. E.

Calm
1 E. S. E.

1 E. N. E.
3 N.

5 E. by N.
5 E. by N.
2 E. by S.

2 E. S. E.

4 W. N. W.
8 E. S. E.

6 N.W.byW.

Varia'n
allow'd

w.
72°

76

80

82
87
90
90
90

87
90
90
90
92
92
92
92

92
92 38

92 38
92 38

92 30

94 12

REMARKS.

4th. Baffling
winds with strong
gusts.

Var'u observed.

Var'n observed.

Var'u observed.

Slst. Var'n obs.
Ice stationary, af-

terwards driving
toN.N.W. 4S.E.
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Direction (true) and Force of the Wind observed on board the yacht Fox.
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Direction (true) and Force of the Wihd observed on board the yacht Fox.

January, 1858.— Mean position: Lat. IS -.2 X.; long. 63°. 7 W.

KATE.
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l

2
3
4
5

6

7

8

9

10
11

12
13
14
15

16

17
18
19
20
21

22
23
24
25
26
27
28
29
30

Direction (true) and Force of the Wind observed on board tiie yacht Fox.

June, 1859.—At winter quarters.

5h.

4 N. W.
9 N. W.
4 N. N. W.
4N. E.

2 N. E.

2 N. E.

Calm
3 N.
3 X.

4N. E.

6 \V. N. W.
2 W. by N.
3N. E.

5 N. W.
2 W.
2 E. N. E.

Calm
2E.
3 W.
3N. W.
Calm

9 W.
6 N. W.
7 N. W.
6 N. W.
N. W.

1 E. N. E.

4 E. N. E.

3 N. E.

Calm

8h-

3 N. W.
9 N. W.
1 N.
4N. E.

3 N. E.

3 E. N. E.

3 N. E.

4N.
2 X.

6 N. E.

6 W.
4 W. by N.
2 N. E.

6 X. W.
2 W.
2 E. N. E.

Calm
1 E.

aw.
2N.W.
1 S. E.

7 W.
5 N. W.
G X. W.
5 x. w.
6 N. W.
1 E. N. E.

4 E. N. E.

1 W.
2 N. W.

Noon.

5-7 N. W.
9 X. W.
2 N.
1 N. E.

Calm
2 E. N. E.

5 N. E. by E.

6 N. W.
Calm

6 N. E.

6 W.
6 N. N. E.

Calm
5 N. W.
Calm

1 N. E.

Calm
Calm

4N. E.

1 X. W.
Calm

5 N. W.
5 X. W.
7-9 N. W.
i; n. w.
5 N. W.
2 E. N. E.

3 E. X. E.

4 W. N. W.
2 N. W.

4h.

G-8 N. W.
7 N. W.
1 N. N. W.
Calm

4 N. W.
Calm

4 N. E. by E.

7-9 N. W.
2 N. E.

4N. E.

6 x. w.
5 N. N. E.

1 N. W.
Calm
Calm

1 N. E.

Calm
5 W.
4 N. E.

Calm
S. S. W.
N. W.
N. "W.

X. w.
N. W.
N. W.

3 E. N. E.

3 E. N. E.

2 W. N. W.
7 N. W.

8i>.

3 N. N. W.
9 X. W.
2N. E.

2 N. E.

1 N.

3 N. E.

2N. E.

7-9 W.
1 X. K.

2N. E.

2-5 N. N. W.

by E.

byS.

Hh.

10 X. X. W.
9 N. W.
3 N. E.

Calm
3 X.

:i X. E.

2 N. E. by E.
3-7 N. W.
3 N. E.

Calm
2-5 N. N. W.

4 N. X. E.
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Direction (true) and Force of the Wind observed on board the yacht Fox.

August, 1859.—Mean position: Lat. 71°. 9 N. ; long. 79°8 W.

1

2
3
4
5

6

7

8
9*

10
11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

4h.

3 W.
3E.
2N. E.

6 N. E.

Calm
Calm

1 W.
5 W.
6 W.
C'lm, light var
3 E. by S.

6 E. N. E.

7 E. by S.

9 E. by S.

4 E. by S.

2-4N.W.byN.
Calm

1 N. E.

5 W. by S.

2 W.
6 N. W.
1 W.
5 S. E.

5 N. N. W.
4 N. N. W.
3 Variable.

3 E.

1 E. N. E.

2 E. N. E.

Calm
2 E. N. E.

S.

8h-

3W.
2E.
5 N. E.

7 N. E.

3 N. \V.

Calm
2 W.
4 W. N. W.
4 W. by S.

2S.E.
3 E. by S.

4 E. by S.

7 E. by S.

8 E. by S.

4 W. N. W.
2 W.
2 N. by W.
2 N. W.
5 W. N. W.
Calm

3S.
6W.
5 E. S. E.

6 N. N. W.
Calm

3 E.

3 E. N. E.

3 E. N. E.

1 E. N. E.

Calm
2 E. N. E.

Noon.

1 W.
1 E. by N.
6 N. E.

7 N. E. by E.

3 W.
2 S. W.
S N. W. by W.
3 W.
5 W. by S.

1 E.

4 E. by S.

6 E. by S.

6 E. by S.

6 E. by S.

8 N. W.
4 S. W.
2N. E.

3 W. N. W.
6 N. W.
1 N. E.

5 S. E.

6 W.
3S. E.

« N. W. by N.
1 N.

2E.
4 E. N. E.

3 E. S. E.

Calm
5 N. N. W.
3 N. E.

4h.

1 W.
4 E. N. E.

6 N. E.

6 N. E. by E.

4 W.
3 N. W.
4 N. W.
4 W.
3 N. N. W.
Calm

5 E. S. E.

7 E. by S.

5 E. by S.

4 E. by S.

8 W. N. W.
5 S. by E.

3 N. E.

5 W. S. W.
5 W.
IN.
5 S.

6 W.
5 E. S. E.

7 N. N. W.
1 S.

5 N. W.
4 E. N. E.

2 E. N. E.

4 N. N. E.

2 N. N. W.
IN. W.

8h.

Calm
2 N. E.

5 N. H.

6 N. E. by E.

2 W.
3 N. W.
4 N. VV.

4 W.
2 W. N. W.
Calm

6 N. E.

7 E. by S.

6 E. by S.

5 E. by S.

6 N. W. byW
2 S. by E.

3 Variable
5 W.
5 W.
5 N.
5 S. E. by E.

6 S. S. E.

3 E. S. E.

6 N. N. W.
2 S. W. & var.

6 N. W.
3 E. N. E.

2 E. N. E.

2 N. E.

Calm
Calm

Mid n't.

E.

, W.

Variation.

1 E. by N.
2 N. E.

5 !•:. K. E.

Calm
2 W.
2 N. W.
4 N. W.
6 W.
1 S. E.

2 E.

6 N. N. E.

7 E. by S.

7 E. by S.

5 E. by S.

6 W. by N.

3S.
3 N. N. E.

5 W.
4 W.
4 N. N. E.

2E.
5 S. E.

1 E. N.

6 N. N.

3 S. W. & var.

1 E.

2 E. N. E.

2 E. N. E.

Calm
Calm
Calm

90° W.
90

S3
78
72

September, 1859.—Mean position: Lat. 58°.9 N. ; long. 40°.9 W.

1

2

3

4
5

6

7

8

9

10
11
12
13
14
15

16
17
18

4h.

E. N. E.

N. N. W.
N. N. W.
S. S. W.
S. E. by S.

S. W. by S.

W.
Calm
N. bv W.
W. N. W.
W. N. W.
w. s. w.
s. s. w.
s. s. w.
W. N. W.
N. W. by N.

S. S. W.
s. s. w.

8h-

4 E. N. E.

7 N. N. W.
5 N. N. W.
4S. W.
7 S. E. by S.

1 S. W. by S

3 W.
2 N. E.

8 N. N. W.
4 W. N. W.
7W.
7 S. W.
3S.
6S. W.
8 N. W.
6 N. N. W.
5 S. S. W.
6S. W.

Noon.

2 N. N. E.

7 N. W.
4 N. N. W.
4 S. W. by S.

7 S. S. W.
5 S. W. by S.

3 W. by N.

3N. E.

8 N. W.
4 VV. N. W.
7 W. N. W.
6 S. S. W.
4 8. W.
6-7 W. S. W.
8N. W.
5 N. N. W.
4 S. S. W.
2 W.

4h.

2N.
6 N. N. "W.
3 N. \V.

5 S. S. W.
7 S.

4 S. S. W.
5 W.
4N. E.

6 \V. N. W.
5 W. N. W.
7 W. N. W.
5 S. W.
4 S. W.
7 W.
8 N. W.
5 N. N. E.

6 S. S. W.
6 S. W. by S.

8U.

3 N. \V.

6 N. N. W.
2 S. S. E.

5 S.

3 \V. S. W.
4 S. S. W.
3 W.
5 N. N. E.

6 W. N. W.
6 W. N. W.
7 W. N. W.
6 W. S. W.
6 S. W.
7 W. N. W.
8N. W.
2N. E.

6 S. S. W.
6 S. W. by S.

Midn't.

5 N. W.
7 N. N. W.
2S. W.
6 S. by W.
2 W. S. W.
4 S. W. by W.
5 W. N. W.
7 N.

4 W. N. W.
6 W. N. W.
7 W. N. W.
5 W. S. W.
7 S. W.
7 W. N. W.
8 N. W.
1 N. E.

6 S. S. W.
5 W.

Variation.

73° W.
72
65

62
60
60
55

54
53
52
50
48
46
43
40
35

32

* Steamed out of Port Kennedy.
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Method of Reduction.—The method of reduction used is the same as that em-

ployed in the discussion of Kane's observations—it is by Lambert's improved

formula, so as to include the velocity of the wind, and not the relative frequency

alone. It is given in its outline in the article "Meteorology," in the 8th edition

of the Encyclopaedia Britannica.

Let X
&•> 63 be the angles which the directions of the wind make with

the meridian (true), reckoned round the horizon, according to astronomical usage,

from the south, westward to 360°, a direction corresponding to that of the rotation

of the winds in the northern hemisphere ; and v
1
v^v.3 its respective veloci-

ties, which may be supposed expressed in miles per hour ; and let the observations

be made at equal intervals (for instance, hourly). Adding up all velocity-numbers

referring to the same wind during a given period (say one month), and representing

these quantities by v s3 , the number of miles of air transferred bodily

over the place of observation by winds from the southward is expressed by the

formula

Rs = S
t
COS 6i + s2 COS 2 + 83 cos ®3 +

And for winds from the westward

Rw = s1 sin 0, + s2 sin 62 + s3 sin 3 +
The resulting quantity 7?, and the angle <p it forms with the meridian, is found by

the expressions

R = >/R? + Rw~, and tan <p = ,,

The general formulae, in the case of eight principal directions 0, assume the

following convenient form :

—

Rg = {S—N) + {SW—NE) Vl— {NW—SE) Vl
Rw = (W—E) + {S W—NE) Vh + {NW—SE) y/1

"Where the letters S, S W, W, etc., represent the sum of all velocities during the

given period, or the quantity of air moved in the directions S, S W, W, etc.,

respectively; l's represents the total quantity of air transported to the northward,

and RK the same transferred to the eastward. These formulae, for practical working,

may be put in the following shape :

—

Put S—N=a S W—NE = c

W—E=b NW—SE=d
Then

Ra = R cos $ — a + 0.707 (c—d)
Rw = R sin ^> — h-\- 0.707 {c+d).

Since Rs , R,„, R, represents the quantity of air passed over during the given

period in the direction 0°, 90°, Q°, respectively, we must, in order to find the mean
velocity for any resulting direction, divide by it, or by the number of observations

during that period; we then have

y* = —, Vw = —-, and V= —

.

A particle of air which has left the place of observation at the commencement
of the period—of a day, for instance—will be found at its close in a direction 180

-f- 4), and at a distance of R miles, equal to a movement with an average velocity of
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R
n

; this supposes an equal and parallel motion of all particles passing over ; the

length of the path described by each can be found by the summation of all the vs

(for each hour) during the period.

The great variability in the direction and force of the atmospheric motion ren-

ders the taking of resulting values for short intervals unnecessary, and a subdivision

of the reduction into monthly periods has been found convenient.

To include more than eight directions into the discussion would not only render

it very tedious, but would give no materially increased accuracy. Observed direc-

tions, intermediate of the eight directions, are referred to the nearest principal

direction ; and if midway, and occurring more than once, they are referred to the

nearest preceding and following direction alternately.

The winds observed during July and August, 1857, and in September, 1859,

cannot well be combined with the body of the observations, and have, therefore,

not been reduced.

To illustrate the process of reduction, the working up of the observations for

direction and force of the wind in the month of September, 1857, is here given as

an examj^le.

Abstract or the Quantity of Wind referred to the eight principal Directions and observed

in the Month of September, 1857, between Latitudes 75°.5 and 75° N, and Longitudes

64°.l and 66° W.
Observations at 4, S, 12, A. M. and P. M.

(The few intermediate observations on the last day of the month were not taken into account.)
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The following table shows the velocity-numbers for each of the principal eight

winds, as well as the resulting direction of the wind, for each month between Sept.

1857, and Aug. 1859, as deduced by application of the preceding formulae.

1 857-' 58.

True direction.
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The above results for the resulting direction of the wind in each mouth, when
expressed to the nearest half point, are contained in the following table :—

First

1857

1858

September .
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Resulting Direction of the Wind in toe different Seasons of the Year.
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Tims, for September, 1857, we found R = 137, and n = number of observations

(minus calms) = 170, bence V= 0.8. The following table contains the quantities

for eacb month, season, and the whole year. The numbers for April, 1858, were

changed so as to refer to 12 daily observations throughout. A similar remark

applies to March, 1S59, and to July, 1859.
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Tear.



OF THE DIRECTION AND FORCE OF THE WIND. (59

bers were all referred to twelve observations a day; thus, tlie numbers of entries,

for all months of six observations a day, have all been doubled. The following

table contains the relative frequency of each wind:

—
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N. ( imit )

In Baffin Bay the calms occur less frequently than any of the eight winds; at Port

Kennedy they are more frequent ; the frequency of the calms at Van Rensselaer

exceeds that at Baffin Bay and Port
Fis- 2< Kennedy in the ratio of nearly 7

and 5 respectively.

The preponderance of the N. W.
and N. E. winds at Port Kennedy is

very striking on the diagram.

The quantity of air which has been

transferred over the place of observa-

tion in a given period, is directly

proportional to the velocity-numbers,

or the number of miles travelled over

by a particle of air in any direction

during the period. The observations

not having all been made at regular

and equal intervals of two hours, the

numbers indicating the relative quan-

tity of air in April, 1858, March and

July, 1859, were referred by simple

proportion to twelve observations a

day, to which all other numbers refer ; the number for all months of six observa-

tions a day have been doubled.

RW.
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with the above, the result at Van R. having

observations a day.

True direction. Baffin Bay.

S 3233

S.W 3807

W 6007

N. W 2223G

N 10256

N. E 5188

E 4105

S. E. . . . . . 8161

first been halfed to refer to twelve

Van Ilensselaer Ilarbor.
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Tn the year 1857-8 (Baffin Bay), there were 26 storms of an average duration

of 19 hours, and from the prevailing quarters, almost to the exclusion of all others,

from the N. W. and S. E. (true) ; at Van Rensselaer Harbor, the prevailing storm

quarters were S. W. and S. E. (true), and the average duration was 7 hours; 13

storms were recorded during 17 months.

Storms Recorded at Port Kennedy in 1858-59.

Date.
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2

30
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1



PART III.

ATMOSPHERIC PRESSURE,





RECORD AND REDUCTION OF THE OBSERVATIONS FOR ATMOSPHERIC

PRESSURE.

INTRODUCTORY REMARKS.

The observing hours are the same as those for the other meteorological observa-

tions, that is, in part at equal intervals of two hours, and in part at intervals of

four hours. There are two records, one of the aneroid readings, the other of the

readings of the mercurial barometer.

The series of observations by the aneroid is continued throughout the cruise; the

mercurial barometer was used only between September 20, 1857, and April 10,

1858. The readings in the month of July and August, 1857, and of September,

1859, are given in the record, but are not further introduced in the discussion,

since the ship was then rapidly changing her position, not permitting a combination

of the daily observations.

The mercurial marine barometer, Adie No. 208, was compared with a standard

instrument at Kew both at departure and after return. The comparisons for index

correction are as follows (communicated in a letter from Captain McClintock, dated

London, December 12th, 1860) :

—

Corrections to be allied to Barometer by Adie No. 203 (or No. 407, private

mark op the makers.)

Before Embarkation in the Fox.

At inches. Correction.

30.5 +0.005

30.0 +0.006

29.5 +0.007

29.0 +0.007

28.5 +0.007

28.0 +0.008

Subsequent to its Return.

At inches. Correction.

30.5 +0.008

30.0 +0.008

29.5 +0.007

29.0 +0.006

28.5 +0.005

28.0 +0.005

This mercurial barometer had been used by Professor Piazzi Smyth at Teneriffe,

and is highly thought of by Admiral Fitzroy, in whose office it is now in use.

It is specially stated in the reduction whenever the above correction was applied.

Comparisons of the readings of the mercurial and aneroid barometers will be found

in the discussion.

The cistern of the mercurial barometer was four feet above the level of the sea

(in reference to the position of the aneroid, no statement is given). Tlic barometric
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readings recorded give the combined pressure of the dry air and aqueous vapor;

the latter, however, is very small: no hygrometric observations were found

led.

The following tables commence with the aneroid readings, and conclude with the

readings of the mercurial barometer and its corresponding temperature. A few

occasional omissions in the record were supplied by interpolation; such figures are

distinguished by being placed between brackets. The mean position of the "Fox"

is given for each month (the daily position is already given in the preceding

temperature paper).
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Record of the Obsery a ctons or the Atmospheric Pressure made on board the Yacht "Fox,"

UNDER COMMAND OF F. L. McClINTOCK, I'v. N., IN THE A.RCTIO SEAS, IN 1857, '58, '59.
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Readings of Aneroid Barometer 11701 on board the Yacht Fox.

March, 1858. 29 Inches +. Mean Lat. 69°. 4 N., Long. 59
r
'.l \V.

PAY.
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1

2

3
4
5

6

7

8

9

10
11

12
13

14
15

16
17

18
19

20
21
22
23
24
25
26
27
28
29
30
31

Mean

1

2
3

4
5

6

7

8

9

10
11

12
13
14
15

16
17

18

19
20
21

22
23
24
25
26
27
28
29

30
31

Mean

Readings op Aneroid Barometer 17701 on board the Yacht Fox.
July, 1858. 29 Inches +. Mean Lat. 74°.4 N., Long. 76°.4 W.

4h.

1.12

1.11

1.07

1.08

1.04

.72

.84

.75

.74

.64

.70
' .68

.58

.64

.74

.(SO

.79

1.06

1.30

1.42

1.46

1.44
1.40

1.14
.99

.88

.90

.86

.89

.90

.80

8U. Noon.

1.17
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Readings of Aneroid Barometer 17701 on board the Yacht Fox.

September, 1858. 29 Inches +. Mean Lat, 72°.0 N., Long. 94. 4 W.

1

2

3

4
5

6

7

8

9

10
11

12
13
14
15

16

17
18

19

20
21

22

23
24
25

2G
27
28
29
30

Mean

4h.

1.12
1.24
1.2*;

1.30
1.31
1.2H

.88

.90

.97

1.19

1.20

1.16

1.12

1.20

1.26

1.27
1.25

1.14

1.10

1.00

.72

.88

.52

.75

.!I0

1.10

1.20

1.15

1.10

1.12

Sh.

30.084

1.12

1.23

1.30

1.29

1.30
1.10

.84

.90

1.02
1.20

1.19

1.13
1.12

1.24

1.25

1.32

1.28

1.16

1.18

1.09

.72

1.00
.33

.90

l.d2

1.20
1.2m

1.20

1.20

1.10

Noon.

30.105

1.19
1.2.1

1.30

1.32
1.23

1.12
.-7

.94

1.10

1.20

1.20

1.17

1.16

1.28

1.29

1.31

1.23

1.12

1.18

1.06

.74

1.04

.32

.88

1.02

1.12

1.30

1.10
1.2H

1.06

4h.

30.11(1

1.25

1.24

1.30

1.31

1.14

(1.06)
.86

.97

1.14

1.20

1.20

1.17

1.17
1.2s

1.29

1.36

1.26

1.19

1.20

.98

.72

1.03

.28

.98

1.08
1.24

1.31

1.04
1.24
1.04

8h.

30.118

1.26

1.35

1.34
1.30

1.18

(1.00)
.92

.94

1.15

1.24

1.24

1.17

1.16
1.22

1.34

1.33

1.23

1.20

1.18

.94

.78

.90

.48

.98

1.08

1.24

1.30
1.14
1.2H

1.02

Midn't.

30.127

1.28

1.30

1.30
1.23

1.16

.90

.9 !

1.18

1.22

1.24

1.15
1.21

1.22

1.37

1.29

1.19

1.12

1.09

.SO

.84

.68

.69

.96

1.08

1.24

1.30
1.12

1.18

30.107

October, 1858. 29 Inches +. Mean Lat. 72°.0 X., Long. 94°.2 W.

Mean.

1.2<>

1.27

1.30

1.29

1.22
1.H7

0.88

0.94

1.09

1.21

1.21

1.16

1.16

1.24

1.30
1.31

1.24

1.16

0.98

0.75

0.92
0.44

0.91
l.i':;

1.19

1.27

1.12

1.19

1.05

30.10S

3

4
5

6

7

8

9

LO

11

12
13
14
IT,

16

17

18
I'.i

20

21
22
2:!

24
25

26

27

28
29

30

31

Mean

4h.

.64

.68

.61

1.10
i. 16

1.64

1.45

1.44

1.20

.42

.42

.74

.88

1.18

.82

.56

.82

.79

.38

.i;ii

1.21

1.30
1.(16

.72

1.26

1.34

1.2 1

1.10

1.07

gb.

.88

.62

.72

.66

1.22

1.54

1.68

1.45

1.44

1.16

.45

.50

.84

.88

1.24

.78

.62

.:ni

.76

.44

.7n

1.2H

1.38
l.uo

.90
1.32

1.44
1.24
1.1(1

.96

1.19

Noon.

30.1 07

.86

.72

.74

.-2

1.3d

1.60

1.70

1.48

1.40

1.11

.46

.55

.85

1.04

L.20
.7d

.co

.98

.71'

.48
>n

1.32

1.35

.86

.96

1.40

1.46
1.22

1.04

.92

1.20

4h.

30.026

.85

.72

.80

.94

1.38
1.62

.68

1.48

1.38

.78

.41

.67

.86

1.08
1.11

.66

.7i>

.98

.68

.52

.94

1.3,7

1.28

.80

1.04

L.38

1.46

1.18

1.04

.96
1.20

8h.

29.998

.80

.72

.Ml

.98

1.42

1.66

1.(13

1.50

1.37

.63

.44

.73

.88

1.18

1.08

.66

.73

.92

.60

.58

1.06

1.36

1.23

.79

1.04
1.37

1.42

1.22
1.02

.96

1.18

Midn't.

.70

.90

.70

1.00
1.46

1.66

l.. 6

1.46

1.29

.48

.42

.75

.88
1.20

.94

.60

.-2

.98

.46

.60

1.14

1.36

1.14

.74

1.24

1.36
1.31

1.16

1.00

1.04

1.12

30.031 30.016

Mean.

0.83

0.72
0.74

0.83

1.31

1.59

1.48

1.47

1.39

0.^9

0.43

0.60
0.S4

1.04

1.12
0.7O

0.67

0.93

0.67
0.50

0.87

1.30

1.28

0.87
0.98

1.35

1.41

1.21

1.05

0.97

1.16

30.11117
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Readings of Aneboid Barometer 17701 on board the Yacht Fox.

November, 1858. 29 Inches +. Mean Lat. 72°.0 N., Long. 94°.2 A\
r

.

1

2
3

4
5

6

7

8

9

10
11

12
13
14
15

16
17
18
19

20
21
22
23
24
25
26
27
28
29
30

Mean

2b.

1.10

.86

1.24

1.22

1.12

1.13

1.28

1.48

1.48

1.62
1.57

1.44
1.44

1.08

1.24
1.54

1.20

1.10

1.17

1.08

1.10

1.12

1.33

1.50

1.60

1.56

1.35

.86

.66

.82

4b.

1.08

.86

1.26

1.22

1.16

1.16

1.2S

1.48

1.48

1.62

1.52

1.44

1.40

1.04
1.24

1.54

1.14

1.06

1.17

1.06

1.10

1.12

1.31

1.50

1.57

1.56

1.28

.80

.65

.84

1.243 1.231

6b.

1.0S

.85

1.24

1.12

1.16

1.25

1.32

1.46

1.48

1.58

1.58

1.43

1.38

1.02

1.24

1.52

1.10

1.06

1.17

1.01

1.09

1-.10

1.30
1.55

1.56

1.56

1.24

.73

.64

.90

1.224

8b.

1.18

.93

1.26

1.14

1.18

1.28

1.34

1.50

1.50

1.60

1.58

1.42

1.42

1.07

1.32

1.57

1.16

1.00

1.20

1.03

1.14

1.19

1.36

1.65

1.58

1.60

1.26

.75

.72

.97

1.263

10b.

1.15

.96

1.36

1.18

1.23

1.26

1.38

1.50

1.50

1.64

1.52

1.50

1.38

1.08

1.34
1.56

1.19

1.12

1.18

1.00

1.15

1.18

1.35

1.65

1.58

1.56

1.20

.74

.76

.98

1.273

Noon.

1.04

1.00

1.34

1.15

1.22

1.28

1.38

1.48

1.58

1.68

1.50

1.46

1.33

1.10

1.34

1.52

1.19

1.14

1.18

1.08
1.14

1.23

1.39

63

.53

.56

15
,74

,74

00

1.270

2b.

1.02

1.08

L.34

1.12

1.14

1.32
1.42

1.48

1.58

1.66

1.4S

1.48

1.32

1.09

1.38

1.50

1.22

1.13

1.18

.98

1.12

1.24

1.39

1.64

1.54

1.54

1.05

.72

.72

1.00

4b.

1.263

1.02

1.14

1.34

1.22
1.18

1.34
1.46

1.50

1.60

1.66

1.46

1.48

1.32

1.18

1.38

1.45

1.22

1.15

1.18

.99

1.14

1.26

1.40

1.68

1.60
1.52

1.06

.70

.74

1.02

1.280

6b.

.98

1.10

1.40

1.24

1.16

1.32

1.48

1.52

1.60

1.66

1.48

1.48

1.24

1.18
1.44

1.40
1.20

1.16

1.19

1.00

1.14

1.28

1.45

1.66

1.58

1.52

1.03

.68

.78

1.00

1.278

8b.

.!i7

1.14
1.4H

1.28

1.18

1.28

1.48

1.52
1.112

1.66
l. in

1.48

1.18

1.20

1.46

1.54
1.20

1.16

1.18

1.02

1.12

1.30

1.49

1.66

1.56

1.44
1.02

.68

.80

1.01

1.2-;:;

10h.

.94

1.16

1.36

1.20

1.18

1.34
1.50
1.52

1.60

1.66

1.46

1.48

1.15

1 22

1.50

1.30

1.15

1.18

1.14

1.04

1.13

1.34

1.50

1.65

1.57

1.40

.94

.68

.81

.99

1.27"

Mid n't.

.94

1.20

1.30

1.24

1.18

1.30

1.50

1.52

L.60

1.60

1.44

1.48

1.11

1.20

1.52

1.26

1.15

1.18

1.14

1.08

1.11

1.34
1.50

1.64

1.58

1.40

.91

.69

.SI

1.00

1.264

M.:m.

1.04

1.02

1.32

1.19

1.17
1.27

1.4H

I..Mi

1.55

1.64

1.511

1.46

1.31

1.12

1.37

1.47

1.18

1.12

1.17

1.03

1.12
1.2:i

1.4ii

1.1.2

1.57

1.52

1.12

0.73

0.74

0.96

30.261

December. 1858. 29 Inches +. Mean Lat. 72°.0 N., Long. 94°.2 W
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Readings of Aneroid Barometer 17701 on board the Yacht Fox.

January. 1859. 29 Inches +. -Menu Lat. 72° X., Long. 94°.2 W.
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Readings of Aneroid Barometer 17701 on board the Yacht Fox.

July, 1859. 29 Inches +. Mean Lat. 72°.0 N., Long. 94°.2 W.

1

2

3

4
5

6

7

8

9

10
11
12
13
14
15

16
17
18
19
20
21

22
23
24
25
26
27

28
29

30
31

Mean

(1.00)

(.96)

(1.07)

(.98)

(.83)
.70

.98

.70

.52

.20

.04

.68

.74

.50

.72

.74

.76

.69

.76

1.02

1.10

1.36

1.42

1.36

1.26

1.12
.92

.91

1.00

1.08

1.12

4h.

0.879

(0.96)

(.95)

(1.09)

(.98)

(.80)
.70

.99

.66

.47

.20

.Oil

.70

.74

.53

.71

.76

.79

.67

.76

1.04

1.13

1.36

1.44

1.36

1.28

1.11

.98

.94

1.01

1.10

1.12

5h.

0.885

.95

.95

l.io

.98

.79

61'-

(.93)

(.95)

(1.11)

(.98)

(•79)
.70

1.01

.67

.43

.07

.14

.72

.72

.60

.70

.80

.SO

.68

.78

1.06

1.14

1.39

1.43

1.36

1.25

1.12

.90

.95

1.03

1.14
1.14

0.887

8h. lnlu

.90

.95

1.12

.99

.78

.74

1.02

.76

.42

.04

.24

.79

.70

.65

.70

.82

.82

.66

.80

1.12
1.22

1.46

1.4S

1.42

1.26

1.10

.90

1.04

1.06

1.16

1.16

0.912

(.90)

(.95)

(1.10)

(.97)

(-77)

.80

1.04

.76

.39

.00

.30

.82

.70

.68

.70

.84

.80

.67

.88

1.14

1.19

1.50

1.48

1.45

1.26

1.12
.89

1.08

1.10

1.20

1.17

0.924

Ni

.91

.94

1.07

.95

.76

.80

1.04

.76

.38

.00

.36

.83

.68

.74

.70

.82

.80

.66

.94

1.16

1.26

1.52

1.46

1.44

1.25

1.12

.94
1.12

1.15

1.20

1.15

0.933

2h.

(.93)

(•97)

(1.05)

(.94)

.74

.82

1.04

.74

.34

*.98

.43

.85

.64

.77

.78

.82

.82

.68

1.02

1.22

1.34

1.58

1.49

1.44

1.26

1.18

.95

1.14

1.13

1.18

1.12

0.948

41..

.96

1.01

1.04

.93

.74

.84

1.02
.72

.32
*.98

.48

.88

.60

.77

.78

.80

.79

.70

1.06

1.17

1.36

1.50

1.40

1.42

1.26

1.14

.91

1.12

1.13
1.20'

1.12

0.940

&h.

(.9S)

(1.03)

(1.02)

(-92)

.74

.88

.99

.68

.29

*.97

.58

.88

.56

.77

.74

.78

.79

.76

1.04

1.16

1.34

1.46

1.44

1.36

1.20

1.06

.94

1.08

1.12

1.18

1.10

0.930

81'.

1.00

1.04

1.00

.90

.74

.92

.99

.67

.23

*.98

.62

.89

.54

.76

.72

.78

.74

.74

1.03
1.14
1.34

1.53

1.40

1.34

1.18

1.06

.94

1.05

1.12

1.18

1.08

101>-

0.924

(.98)

(1.04)

(1.00)

(.88)
.74
.'.is

.98

.62

.21

.00

.64

.84

.43

.73

.72

.76

.71

.75

1.02

1.12

1.34

1.44
1.39

1.31

1.14

.98

.91

1.00

1.11

1.17

1.01

0.903

Hh. Mi.lnt.

97
1.05

99

86

(.73)

(.97)

(1.0S)

(.99)

(.85)
.72

1.00

.97

.56

.20

.02

.66

.78

.48

.72

.72

.76

.69

.74

1.02

1.11

1.34
1.43

1.36

1.30
1.14

.94

.91

l.oo

1.08

1.13

1.00

Mean.

0.95

0.99
1.05

0.94

0.76

0.82
l.oo

0.69

0.35

0.04

0.38
o.-l

0.63

0.68

0.72

0.79

0.78

0.70

0.93
1.12

1.26

1.46

1.43

1.38

1.23
1.09

0.92
1.04

1.09

1.16

1.11

0.892 29.913

August, 1859. 29 Inches +. Mean Lat. 71. °9 N., Long. 79°..8 W.

4h. 8"-

1

2

3

4
5

6

7

8

9
lo

11

12
13

14
15
16

17
is

19
20

21

22
23
24
25
26
27
28
29
30
31

Mean

.99

1.02

.84

.72

.89

.94

.74

.82

.74

.97

1.08

.96

.92

.80

.69

1.16

.96

.70

.58

.55

.61

.61

.82

1.26

1.05

1.12

1.10

1.23
1.4s

1.46

1.22

1.1.9:;.;

1.08

1.02

.61

.78

.96

.99

.74

.86

.79

l.oo

1.12
.94

.93

.74

.76

1.13

.92

.66

.58

.49

.64

.58
' .99

1.22

1.07

1.14
1.10

1.30

1.47

1.32

1.22

Noon. 4h.

0.940

1.08

1.00
.62

.88

.96

.94

.72

.88

.88

1.06

1.11

.93

.94

.69

.87

1.12

.86

.64

.61

.48

.66

.54

1.12

1.20

1.10

1.15

1.12

1.36

1.46

1.27

1.23

1.08

.95

.66

.92

.92

.90

.79

.86

.94

1.12

1.10

.93

.94

.68

1.02

1.12

.84

.64

.62

.52

.70

.55

1.21

1.16

1.13
1.16

1.12

1.35

1.45

1.22

1.24

8h-

0.951 0.963

1.10

.94

.69

.90

.91

.84

.80

.81

.95

1.06

1.06

.94

.93

.68

l.io

1.07
.79

.64

.66

.60

.67

.60

1.28

1.10

1.15

1.12

1.18

1.40

1.40

1.22

1.23

Midn't.

0.962

1.02

.SO

.70

.89

.94

.78

.81

.76

.94

1.06

.98

.90

.87

.68

1.12

1.02

.64

.62

.61

.61

.64

.70

1.30
1.04

1.13

1.10

1.20

1.49

1.46

1.22

1.24

Mean.

0.944

1.06

0.95

0.69

0.85

0.93

0.90

0.77

0.83
0.s7

1.05

1.08

0.93

0.92

0.71
o.!*:',

l.io

0.84

0.65
0.61

0.54

0.65

0.60

1.12

1.16

1.11

1.13

1.14
1.36

1.45

1.28

1.23

29.950

* Refers to 28 inches.
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Rbadinos of Aneroid Barometer 17701 on board the Yacht Fox.

September, 1859. 29 Inches +. Mean Lat. 58°.9 X., Long. 40°.9 W.

DAY.
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Readings of the Mahine Mercurial TJarometer, Apie No. 208, on board the Yacht Fox.

October, 1857. 29 Indies +. Mean Lat. 75°.2 N., Long. 67°. 9 W.

4h.

Bur.

Ml

Bar.

Noon.

Bar.

4b.

Bill

Sh.

Bar.

Midnight.

Bar.

Mean.

Bar. Th.

Mean.

A l 32 '.

1

2

3

4
5

6

7
8

9

10
11

12
13
14
15

1(3

17
18
19
20
21

22
23
24
25
26
27
28
29
30
31

I Ill'll

.

(.422)

(.768)

(1.010)

(.760)
,.. n,
(.700)

(.762)

(.948)

(1.108)

(.892)
(.71ii)

(.660)

(.322)

(.452)

(.552)

(.882)

(.858)

(.562)

(.606)
.7s2

.178

.580

.600

1.218

1.480
1.410

.966
1.010

.670

.656

(45)

(46)

(51)
(44)

(45)

(47)

(47)

(49)

(45)

(47)

(40)

(39)

(47)

(53)

(51)

(51)

(57)
(52)

(53)

(50)
50
59

50
44
40
42
43
42
40
44
43

Inch

.472

.798

.980

.9] I

.720

.594

.700

.822

.948

1.03S
.872

.666

.650

.212

.452

.552

.922

.858

.512

.676

.752

.058

.598

.752
1.258
1.492

1.272

.932

1.H42

.595

.652

45

46
51

44
45

47
47
4: i

45
47
4U

39
47
53
51

51

57
52
53
50
52
50

50
45
42
42
44
45
45
48
49

i u i

.Slid

1.002

.90 i

.716

.650

.754
-

1.079

.980

.932

.670

.618

.270

.470

.IK '12

.898

.876

.536

.700

.750

.116

.656

.906

1.302
1.550
1.220
.966

1.060

.640

.724

5(1

5(1

47
49
50
49
45
50
5(1

45
44
44
50
52
53
53
52
58

50
56
54
55
54
46
44
43
44
48
49
51

53

Inch.

.663

.920

1.028

.909

.621

.703

.788

.901

1.138
.1169

,i

.680

.544

.344

.539

.680

.884

.846

.549

.722

.752

.278

.652

1.030

1.396

1.536

1.176
1.048

.973

.650

.6S4

in

49
52

49

49
44
49
50
42
11

45
48
51

56

50
51

59

53

54
56
54
58

47
50
47
52

54
53

54
56

I nch.

..176

.947

L.03

.

.57:'.

.7 in

.813

.937

1.161

.967

.866

.684

.460

.440

.615

.756

.900

.777

.597

.761

.522

.416

.62(1

1.136
1.424
1.564

1.068

1.086

.878

.65(1

.726

51

53

58
52

52
54

49
51

53

49
4:>

50
56

58

60

58
59

59

57
59

58

58
58

.4'.)

50
51

55

59
55

53
58

Inch.

.74(1

.980

1.013
.S21

.727

.819

.•.(5(1

1.181

.930

.808

.687

.400

.482

.591

.Ti-7

.896

.690

.604

.786

.350

.530

.592

1.201

1.471

1.530
1.O20

1.046

.770

.700

.728

58
54
56
52

52

51

54
49
50

48
51

50

57

57

59

59
lio

5:,

58

59
CM

56

56

53
53
55

50

51

55

56
50

Inch.

.596

.879
1.011
.'.(no

.657

.654

.762

.870

1.075

.981

.875

.6! i

.555

.344

.520

.655

.897

.818

.559

.709

.651

.264

.616

.937

1.344
1.525

1.194
1.008

.955

.650

.695

50

49
52

48
48
50

47
49
48
46
44
44
5o

54
54
54
55

56
54
54
55

55
54
47
46
46
4s

49
49
51

51

Inch.

.539

.825

.948

.848

.605

.597

.713

.816

1.023

.934

.834

.64:',

.498

.277

.453

.598

.827

.745

.4112

.642

.581

.194

.549

.888
1.297

1.477

1.142

.953

.900

.591

.636

Mean

At 32

.774 47 .766 47 .802 4:1

29.724 29.716 29.748

.822 50

29.764

.828 54

29.760

.818 5 1 S02 50.2

29.750 29.744 29.744

November, 1857. 29 Inches +. Mean Lat, 74°.8 N., Long. 69°.l W.

8

9

10
11

12

13
14
15

16
17
Is

19
2o

21

22
22,

24

25
26

27

28
29
30

4h.

Bar

II. Mil

At 32

Inch.

.702

.664

.650

.920

1.096
1.096

.784

.814

1.110
.932

.880

.551

.650

.5 26

.650

.152

.162

.656

1.044

.956

.848

.346

.418

.734

.652

*.998
.150

.450

.716
l.oso

0.1:7:1

42
48
44
45
49
44
45
45
48
44
4S
45
45
48
47
4S
49
47
52
49
45
46
45
45
48
49
48

48
49
4-

M..

Bar.

46.8

29.631

Inch.

.738

.654

.620

.922

1.102
1.070

.732

.832

1.128
1.012

.840

.(

.592

.554

.614

.134

.298

.762
1.022

.'.'TO

.776

.270

.610

.75 1

.442

*.998

.184

.

.811

1.13(1

Noon.

47
43
46

(54)
46

46
45

49
48
47
50
47
48
54
50

48

49
56,

51

50

4 s

5o

50

50
51

5!

51

50

50

29.636

Inch.

.782

.708

.680

1.027

1.148

1.138

.820

.866

I.020
1.044
.7-2

.700

.552

.580

.532

.074

. 30

1.012

.! 6

.840

.220

.700

.780

.220

*.958

49
50

50
CI

52

52
54
49
50
51

55

50
52
5 1

55

57
56

52
:.c

52

56
52

53

55

56
52

.220 55

411.

I! -:r

.887

1.150

52
52

0.707 53.2

Inch.

.77s

.742

.794
1.060

1.160

1.065

.794

.940

.916

1.038

.058

.750

.475

.600

.554

.9

.448

.946
l.ooo

.97"

.268

.756

.824

.011

*.976
.304

.'.'70

1.208

56

58
52

57

59
52
53
54
51

53
59

58
55
5 s

55

56

57

57

59

57
58

58

56
5 1

57
57

57

55

8h- Midnight.

Iucli.
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Readings of the
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Readings of the
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Readings of the Marine Mercurial Barometer, Abie No. 208, on board the Yacht Fox.
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Recapitulation of Mean Readings from tiie preceding record oi the Marine Mercurial
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of the mercurial barometer is, therefore, — 0.22 inches. This quantity, strictly

speaking, is composed of two parts ; the first, the true index error of the aneroid,

and the second, the specific difference of the two instruments in different latitudes,

the mercurial barometer (weighing a mass of mercury against a mass of air) being

independent of a change of gravity, whereas the aneroid barometer is sensible to

any increase of gravity as we proceed to the northern high latitudes. Within the

limits of latitudes G6°.0 N. and 75°. 3 N. this variation amounts to 0.014 inches;

and its greatest difference from the mean, say in latitude 72°. N., is, therefore,

+ 0.008 inches. This quantity being smaller than the uncertainty of the results

by the aneroid, I have considered it as a correction that can safely be neglected.

The formula b — bir, (1— 0.0026 cos 2 q>) shows the variation for any latitude <p.

North of latitude 45° the aneroid gives the higher readings.

Resulting mean ^-hourly and mean monthly readings of the mercurial barometer in

the months of September, 1857, and February and April, 1858.—The results for

these months, given above, require a small correction to refer them from part of

the month to the whole month ; this was obtained by means of the known aneroid

readings for the interval when the mercurial barometer was not read, the index

correction — in
.22 having first been applied. We find

—

Referred mean readings of the mercurial barometer for the full months of Sep-

tember, February, and April, of the first year :

—

Average.
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the first part comprising the results in Baffin Bay, from September, 1857, to

August, 1858, inclusive, and the second part, the results at Port Kennedy, from

September, 1858, to August. L859, inclusive.

For greater convenience the results by the aneroid have been reduced to the

results by the mercurial barometer, by the application of the correction — 0"\221.

The readings for the hours 4, 8, 12. A. M. and P. M., for the first eight months

between Sept. and April, were taken from the preceding abstract of the mercurial

barometer (the readings in Sept. February, and April from the table containing

the referred means). All tabular numbers for the same eight months, at the hours

2. G, 10, A. M. and P. M., are derived from the readings of the aneroid barometer

by interpolation by means of differences; thus to obtain the reading at 10 A. M.,

in September, we have

—

Aneroid reading at 10 A.M. 0.013 greater than at 8 A.M. Mercurial baro-

meter reading at 8 A. M. = 20.715, hence at 10 A.M. = 29.728; again, aneroid

at 10 A.M. 0.003 smaller than at noon. Mercurial barometer at noon 29.727,

hence at 10 A. M. = 29.724, and the resulting mean from the comparison of the

preceding and following hour becomes 29.72G as given in the table.

The annual mean for the hours 2, 6, 10, A. M. and P. M. is obtained in a similar

manner; thus, for 10 A. M. we have: From 8 months, Sept. 'to April, mean at

10 A. M., the reading 0.020 greater than at 8 A. M. or = 29.731 + 0.020; it is

also 0.00G greater than at noon or = 29.743 + 0.00G; the mean of the two

values is 29.750 as given in the table.

Diurnal variation of the atmospheric pressure during the year from September,

1857, to August, 1858, in mean latitude 72°.5 N., and mean longitude G5°.S W.;

nearly in the centre of Baffin Bay. 29 inches is to be added to the tabular

numbers.

MOXTIT.
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Diurnal variation of the atmospheric pressure during the year from September,
1858, to August, 1859, at Port Kennedy, in latitude 72°. N., and longitude 94°.2

W. 29 inches is to be added to the tabular numbers, which, as well as the pre-

ceding tabular numbers for 1S57-8, should be considered as reduced to the tem-
perature 32° (Fahr.).

MoXTH.
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DicK.NAL Variation op Atmospheric Pbessdhe at Post Ki:>m dt.
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the correction for index, +0.007, and (he reduction to the level of the sen, -f 0.005.
To the table 1 have added for comparison the values for Van Rensselaer Harbor
(also referred to the level of the sea by applying

-f- 0.005).

Monthly Mean Readings of tfte Barometer at the level of the Ska, and at 32° Fahr.

1857-8.

Month. Baffin Bay.

Lat. 7 2 .5

January . . . 29.532

February . . . 29.640

March . . . 29.893

April . . . 29.940

May . . . *30.014

June . . . 29.817

July . . . 29.753

August . . . 29.736

September . . 29.735

October . . . 29.756

November. . . 29.665

December . . . 29.570

1858-9.
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Taking the moan of the expressions for th" three stations, the following formulae

furnish the type-curve for hit. 74°.4 N., and long. 77°.0 W., for the (Humid and

annual variation of the atmospheric pressure:

—

Inches.

7; = 29.823 + 0.012 am (0 + 346°) + 0.005 sin (20 + 171°)

B= 29.823 + 0.124 sin (0 + 348°) + 0.08S sin (20 + 221°)

• 1 )'ut ni<d Extremes.

The irregular oscillations from day to day are suhject to an annual variation, as

exhibited in the following table of average differences in the atmospheric pressure

on consecutive days. The daily changes were made out, irrespective of sign, and

were obtained from the comparison of the daily means of the aneroid readings.

To the two localities—Baffin Bay and Port Kennedy, I have added, for com-

parison, Van Rensselaer Harbor, and also a column for a mean of the three

localities.
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Record of the Weather kept on board the Yacht "Vox," from July 2, 185?, to September 18,

1859; with Notes on the Specific Gravity of Sea Water, on the State of the Ice, Appear-
ance of Animals, etc. etc. ; on the Aurora Borealis and Atmospheric Phenomena.

The state of the weather is indicated by the following letters (Beaufort's notation) :

—

b Blue sky. p Passing showers.

c Clouds (detached). 7 Squally.

d Drizzling rain. t Rain.

/ Foggy. s Snow.

g Gloomy. t Thunder.

h Hail. u Ugly (threatening) appearance.

/ Lightning. v Visibility, objects at a distance unusually visible.

m Misty (hazy). i« Wet (dew).

o Overcast. z Snow drift.

A bar (—) or a dot (.) under any letter augments its signification.

The sign ("), in the record of the state of the weather, indicates the same entry as that of the

hour immediately preceding.

The position of the vessel is given in the preceding record. The specific gravity of sea water was

determined by Twaddel's hydrometer, that of distilled water being 1.000. The temperature of sea

water and atmospheric pressure have already been stated.

The specific gravity of sea water, in the last column, is given in units of the fourth place of decimals,

as indicated by the heading of the table.

For reasons stated by A. Mitchell, A. M., M. D., in the July number, 18G0, of the Edinburgh New
Philosophical Journal, it has not been deemed advisable to publish the observations for amount of

ozone in the atmosphere. It is evident that the amount of discoloration of the papers exposed depends,

in a great measure, on the air passed over, and, therefore, presents the combined effect of the quantity

of ozone and the strength of the wind.
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July, 1857. Record of the Weather kept on board the Yacht Fox,
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August, 1857. Record of theWeather kept on board the Vauit Fox
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.

20th. Thn i on.

'j 1st. Two seals shot.

24th. One seal shot.

26th. Two glaucous gulls shot.

2Tth. Three seals and a turnstone shot; warping through the ice; ship nipped.

28th. Two seals shot.

29th. Cape .Melville N. S° 19 W. (true).

30th. Cape Melville N. 10° 30' W. (true).

September, 1857.
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5th. A black whale seen; sounded in S* fathoms; yellowish mud; six seals obtained.
6th. Soundings in 88 fathoms; yellowish mud.
7 th. A Tringa shot.

Mil. Soundings in 86 fathoms; same bottom.

9th. Soundings in 94 fathoms; mud, shells, and stones.

10th. Soundings in H3k fathoms; stones and mud.
1 1th. Soundings in 83 fathoms; stones and mud.
12th. Soundings in 80 fathoms; soft mud.

13th. Strong refraction in N. \V
r

. ; three ravens, one burgomaster, and one turnstone situ.

14th. Soundings in 78 fathoms
; a sea snipe shot ; dry bulb 29°. 0, wet 28°.8 at 9 A. \1.

15th. Soundings in 79 fathoms; two ravens, a few snow buntings, ami a, burgomaster seen.
16th. Soundings in 69 fathoms; stones.

17th. Soundings in 94 fathoms; mud.

18th. Longitude by Jupiter's first satellite 65° -5' W.
19th. Faint aurora at 2 A. M. ; sounded in 114 fathoms

; stones and mud.
21st. No bottom with 120 fathoms; wet bulb 25.5, dry bulb 26.5.

22d. Sounded in 135 fathoms
; mud and sand; two bears seen.

23d. Sounded in 130 fathoms; soft mud.

24th. Specific gravity of surface of sea 1.0250, at 29° temperature
; two bears seen ; faint aurora h

the S. E.

25th. Faint aurora from N. N. W. to S. S. W ; two seals and a glaucous gull seen.

26th. A raven shot.

27th. A raven seen ; at 2 A. M. a slight aurora in the E. S. E.

28th. No bottom with 140 fathoms.

29th. Two bears seen.

30th. Many shooting stars at midnight (30th to 1st).

October, 1857. Record of the Weather kept on boakd tue Yacht Fox, with uenejral
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NOTES TO OCTOBER RECORD.

1st. Ice drift X. \Y. ; a ptarmigan caught by the dogs ; a flock of cider-ducks aud a raven seen.

2d. Dusk at V
1 '

3d. Dawn at 5h ' 10"\ dusk at 7
h -

4th. Dusk at 6b ' 30m-; at 11 P. M. an aurora in W. X. W.
.

r
ith. Dawn at 5 h

- 30m -, dusk at 6h- 30"'
; at midnight longitude by chronometer and Jupiter 65°45' W.

6th. Dawn at .V'- 20m-; tried for soundings with 140 fathoms; dusk at G b - 30m -

7th. Dawn at 5h ' 35m-, dusk at 6l 25m-; two bear tracks near the ship.

8th. Dawn at 5 h
- 35m-, dusk at G 1

' 10m-

9th. 2 A. M. aurora seen from S. S. E. to E. S. E. ; dawn at 5h - 30m ; a raven seen; dusk at 6h -

m -

10th. Dawn at 5 h
- 35m , dusk at 5h - 55m -

11th. Dawn at C 1 '- ()'», dusk at 5h- 10m -

I.Mi. Dawn at 5h - 30m -, dusk at 5 h - 40m -; a flock of eider-ducks passed to the southward ; fox and

bear tracks seen ; between 8 and 10 P. M. some shooting stars.

13th. Dawn at 5h :;:>'"
, dusk at 5h - 30™-

14th. Dawn at G 1 '- 0"1

, dusk at 5 h
- 30"1

-; the young ice opened for some miles in length ; a slight

swell observed.

15th. 1 Dawn at 5 h
- 30"', dusk at 5 h - 30m -

16th. Dawn at G h
- 30m -, dusk at 5 h

- 30 ,n
- ; seals in the lane of water; tried for soundings with 1G5

fathoms.

17th. Dawn at 6h- 15"\ dusk at 5h - 15m-; high land seen from north to N. E. by E. (true) ;
seals

in the lane of water, also narwhals
; thickness of young ice one month old, 1 foot 3.8 inches; overlying

snow, 2j inches.

L8th. I 'awn at G'
1

- 30™-, dusk at 5 h
-

m -

19th. Dawn at 6h - 45™
, dusk at 4h- 30m -

h. Dawn at 6h ' 50'" , dusk at 4h - 25">

21st. Dawn at G 1
' 50'", dusk at 4 1 '- 15'"

; distant land bearing E. V E., true; a large seal seen.

22d. Dawn at G>' 45'"
, dusk at I'

1 -

1

23d. Dawn at 7
h 50"'

,
ilusk at 4h - 35m ; a fox track near the ship, aud a seal seen.

2lth. Dawn at 7
h

-
m

-, dusk at 4 1 '- 30™-

25th. Dawn at 6' 35m-, dusk at »>' 2n'"

26th. Dawn at 7
h

' 50'", dusk at i
1

' 15'"
; Cape York X. 3 E, (true); Cape Dudley Digges N. 50°

E. 1 1 rue).

27th. Dawn a1 7h- 0™-, dusk at 4 1 '- 30m -

28th. Dawn at 7
1 '- 10m-, dusk at 4 h

- 15"1
-; the ice opening and in motion near the ship.

Daylight at 7
1
' 20™-; a lane of water crossing the bows and distant, two hundred yards; a

long lane on port beam distant one mile, and extending east and west two or three miles ; dusk at 4''

30th. Ice movement and pressure all preceding night within two hundred yards of the ship ; at 4h -

A. M slight aurora from S. to S. S. E. (true)
;
dawn at 7

h 15'", dusk at 4 h
- 0'"

; at 10 P. M. ice

in motion.

."1st. Dawn at 7
h

- 20™-
; wide lane of water, covered with thin bay ice in all directions; dusk at 3''-

40™-; ice in motiou and water space increasing.

Thickness of snow falling daring three or four weeks, 21 inches ; thickness of ice one month old, IS. 8 inches.
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November,
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lltli. 1 A dovekie seen ; two seals shot ; dusk at 2 h
- 50m -; 8 P. M. slight aurora in S. W. ; several

falling stars.

12th. Dawn at S h
- 20"', dusk at 2 h

- 40'"-; a doyekie son ; three seals shot.

13th. Dawn at 8h - 45m -, dusk at 2 1
' 35m-; motion perceptible in the ice; a few seals and a dovekie seen.

14th. Dawn at «'' 30"'-; ice in motion, the old ice crashing up the new ice
; dusk at 2 1 '- 23™-

15th. Pawn at 8b ' 45m-; ice moving; several large pools of water; a narwhal and many seals seen,

one shot ; dusk at 2>'- 30">-

It'.th. J)awn at 9h - 15'"
; a seal shot and a dovekie seen ; dusk at 2 1 '- 15m '

17th. Dawn at 9 1 '- 30'"
, dusk at 2h - ()'"

18th. Dawn at 9h - 35m-, dusk at 2 1 '- 5m-; a few seals and narwhals seen.

10th. Dawn at 9h - 30'"
,
dusk at 2 h

- 0"'-
; two or three seals seen.

20th. Dawn at '.)''• 45'"-, dusk at 2 h - 0'"-; one seal seen.

21st. Dawn at 9h- 45 D\ dusk at 2 h - 15'"-

22d. Dawn at 9 1 '- 50™-, dusk at l
h 50'"

23d. a
- Dawn at 9 b - 45'"-; one seal seen ; 8 P. M. aurora near the horizon in the S. E. ; at midnight,

aurora from X. W. to S. W. and S. E.

24th. 2 A. M. aurora at the S. E. horizon ; dusk at l
h

- 45">-

25th. Dawn at 9 1 '- 50m ', dusk at l
h

- 40m -; a small laue of water near the ship ; only one seal seen.

2Gth. Dawn at 9h - 50'"-, dusk at D- 35'"-

27th. Dawn at 10h- 0'"-, dusk at l
h - 50m -

28th. Dawn at 10 h
- 5'"-, dusk at l

h - 35">-

29th. Dawn at 10 1 '- 0'"-, dusk at 1"- 35'"-

30th. Dawn at 10b
- 15'", dusk at l

u
- 10 ra -

1 December,
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NOTES TO DECEMBER HF.CORD.

1st. Dawn at 10''- 30'"
, dusk at I

1 '- 5m - ; ice crushing up at t lie edges of the floe.

2d. Pawn at 10 1 '- 30m -, dusk at l
1 '- 10 nl -

3d. Dawn at 10 1 '- 30m-, dusk at l
1
'

,u - • ^
4th. Dawn at ll 1 '- 0'"-; a well-marked halo and several para-

selene, 7
1 '- to 10''- P. M., consisting of five false moons, three ^

arcs of halos, and a horizontal belt of light round the heaven si--
'

and passing through the moon. ^/L_.ji

—

j^ .. .

5th. Dawn at 10b - 30 n\ dusk at 1 '- 50m- ^Ji-;;^
6th. Unable to read by light of the sky.

7th. Dawn at llh -
m

- ; several cracks near the ship; one seal seen.

8th. Dawn at 11> m
- ; dusk at 1'- SO'"-

; the cracks nearly closed.

9th. Dawn at ll 1 '- 5'"
; dusk at 1 '- 45'"-

; midnight (9th to 10th), aurora from E. N. E. to E. S. E.

(true), also several shooting stars.

10th. Dawn at ll h
-

m
-, dusk at l

h
- 30m - ; 9 P. M., faint aurora in the south, streaming towards the

zenith.

11th. Dawn at ll 1'- 30'"-, dusk at h
- 30m -

12th. Dawn at ll 1 '- 15'"-, dusk at 1 '- 20m -

;
[2 A. M., slight aurora to southward ;] 10 P. M., faint

aurora in N. W.
13th. Dawn at ll h

- 0™, dusk at h
- 50m ; 6 P. M., bright aurora in S. E. ; 10 P. M., aurora from

the S. E. to N. E. [part of an arc], with rays shooting up towards the zenith.

14th. 2 A.M., faint aurora towards the southern horizon; dawn at ll h
- 10'"-, dusk at h 15m -

;

found a perceptible divergence in the gold leaves of an electrometer when attached to a masthead wire

and passed down to the sea ; 8 P. M., faint aurora in the N. E. (true).

15th. Dawn at ll h
- lO"1

-, dusk at h
- 30m -

; several shooting stars between 5 and 6 P. M. ; midnight

(15th to 16th), faint aurora to southward. [Thickness of ice 3 feet inches ; increase since last month

111 inches.—B. of T. Papers.']

16th. No daylight. [6 P. M., aurora slight from E. to N. E., and at 10 P. M. bright from S. to

N. E., continuing till 10 A. M. next day, at 6 P. M. again for one hour, across the zenith from E. to

W. and N. W. ; the electrometer was sensibly affected.]

17th. Dawn at ll h
- 30m -, dusk at h

- 30 ra
- ; 6 P. M., slight aurora E. to N., 10 P. M., bright aurora

S. to N. E.

18th. Thickness of September ice 3 feet inches, overlying closely packed snow 6i inches ; 4 A. M.
aurora still visible, 9h - 45m - A. M. aurora disappeared ; dawn at ll h

- 15m-, dusk at 1 '- 30m -; 4 P. M.,

faint aurora from E. to W. and N. W., passed through the zenith ; 10 P. M., aurora S. S. E. to S. S.

W., near horizon.

19th. Dawn at ll 1'- 45'"-, dusk at 1'- 35"'- ; a wide crack, N. W. and S. E., half a mile from the

ship.

20th. No daylight.

21st. Daylight at ll h - 45m -, dusk at 1
' 15m -

22d. No daylight.

23d. No daylight.

24th. Dawn at ll 1 '- 45m -, dusk at h
- 20m - ; narrow lane of water recently opened to the S. W. and

N. W. of the ship, and distant from one-quarter to one mile.

25th, 26th, 27th. No daylight.

28th. Dawn at ll h - 25m -, dusk at K 45m -

29th. Dawn at 11> m
-, dusk at ll h - 45m - ; small lanes of water, and several fresh cracks near the

ship.

30th. Dawn at ll h 15m , dusk at O 1 '- 45m -

31st. Dawn at 10 1
'- 30'"-, dusk at 1 '- 50m - [No birds seen and only one seal.—/?, of T. Papers.']

Hani packed snow 6J iuches thick,
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January, 1858.
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21st. Dawn at 9h - 30m -, dusk at 3 1 '- Om -

22d. Dawn at 9 h
- 10'"-, dusk at 3 1 '- 15m ' ; much refraction in the S. E.

23d. Dawn at 9 h - 30»\ dnsk at 3 h
-
0"'-

24th. Dawn at 9 h
' Om-, dusk at 3h - 15m -

25th. Dawn at 9h - Om -, dusk at 3 1 '- 15"1
-; a halo round the moon at 7

1 '- P. M.

26th. Dawn at 9h - 0™-, dusk at 3 1 '- 30m -

27th. Dawn at 3 h - 45"\ dusk at 3 h
- 20m -

28th. Dawn at 8 h - 25m-; sun's upper lira!) appeared at ll h 25'"
;
refraction 59' 55", neglecting the

height of the eye (5 feet) ; sun's upper limb disappeared at l
h ()"'• m. t. ; dusk at 3h - 45"1 '

29th. Dawn at S h
- 15" 1

-; sun's upper limb appeared at ll h 10m - m. t, disappeared l
1

' 25m - ; dusk

at 3'1
- 45m -; 10 men built two houses in 30 minutes ;

mercury froze at about —41°.

30th. Dawn at 8h - 30m - ; sun's upper limb appeared at 10h - 30m -, disappeared atl h-50m -; dusk al

3h
- 50m - . two seals and a dovekie seen in a large crack three or four miles east of the ship.

31st. Dawn at 8h - 15m - ; sun's upper limb appeared at 10 h
- 40™-; a seal and several dovekies seen in

a lane of water; sun's upper limb disappeared at 2 h
-

m
- ; dusk at 4h -

m -

February,
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4th. Pawn at 7
1 ' 50m ; the ice lias opened in Several places; some seals and dovekies seen

;
dusk at

4' 1 30'" ; 8 until 12 1'. M. ice in motion near the ship.

5th. Pawn at 7
1 ' 50'"

; sun's upper limb appeared at 10h - 5m - m. t. ; six dovekies shot, a few seals

seen ; at 2 P. M. the doe cracked ten yards astern of the ship, many cracks running N. E. and S. W.,

and considerable motion in the ice ; built snow huts in 40m

6th. Pawn at 7
U - 45"\ dusk at 4 h - 20° ; 11 P. M. a slight aurora in the N. E. [Thickness of old

floe ice 4 feet 6 inches.
]

7th. Pawn at 1»- 30°- ; sun's upper limb disappeared at 2h - 40™-; dusk at 4"- 30»-; 11" 15™- P. M.

until midnight pale streaks and patches of aurora near horizon between S. S. E. and north (true).

8th. Pawn at 7
h

- 30m -, dusk at 4 h 40">-

9th. Pawn at 7
h 25m -, dusk at 4 h - 40m ; at 11 A. M. a faint parheliou ; 10 P. M. aurora from X. E.

to S. E.

10th. 2 A. M. slight aurora from N. to S., passing through the zenith ;
dawn at 7

b
- 30"\ dusk at

4 l. 45m.

11th. Pawn at 7 h 20m -, dusk at 4"- 50m 'j a broad line of water one mile astern of the ship running

I.. X. E. and W. S. W.
12th. Pawn at 7

h
- 20"\ dusk at 5 1

'- m -

13th. 4 A. M. a slight aurora in the west; dawn at 7
h

- 15m -

;
prismatic halo round the sun

;
several

seals seen ; dusk at 5 h 10 ,D
; 11 P. M. anrora near horizon between S. S. E. and E., with vertical rays

or streamers half way up to the zenith, arch about 14° above the horizon.

14th. Pawn at 7
1 ' 5™

; two dovekies seen ;
1>>- 30m - P. M. an ill-defined halo about 18° diameter,

its extremities at the horizon prismatic ; ice opening in a lane two miles N. W. from ship
;
dusk at

5>' 20m -

15th. Dawn 7
h - 20m ; an imperfect double halo around the sun, diameter about 18° and 36°; dusk

at 5 h 20'"-; 7
h to 9 1 ' P. M. pale aurora near horizon between S. S. E. and E. XT . E., with vertical

rays towards the zenith, arch 4° above horizon.

lGth. Pawn 6h - 50m -; an imperfect halo slightly prismatic; dusk at 5h - 20m-; at 8 P. M. bright,

pale yellow aurora along the horizon between S. E. and N. N. E., with vertical streamers towards

zenith, forming at times an arc, double and even treble, from 6° to 8° above horizon.

17th. Aurora continues until 2 A.M., when it disappeared ;
thickness of ice 3 feet 9 inches, of snow

!>; inches; dawn at 6h - 45"'
; at uoon imperfect prismatic halo, diameter 45°, luminous spots at

horizon 45° E. and W. of the sun ; several seals seen ; dusk at 5 h
- 20m - ; halo round the moon,

diameter 46°; 10 P. M. aurora near the south horizon, arc from S. S. "VV. to N. X. E. about 4° above

horizon.

18th. Midnight until 4 A. M. aurora between S. W. and E. ; dawn at G 1 '- 50m -, dusk at 5h - 20m -

;

8h - 30'"- P. M. auroral arch about 15° above horizon, between S. S. E. and E. ; 10 P. M. aurora

ceased.

19th. Dawn at Gh - 40m ', dusk at 5h - 35™
; at midnight (19th—20th) arch of aurora 9° above horizon,

between S. S. E. and X. E.

20th. Dawn at 6h - 40m -; a wide lane of water two miles north from the ship, and extending E. N. E.

and W. S. W., the terminations not visible ; 6 P. M. prismatic halo round the moon, diameter 4° 20'.

21st. Dawn at G 1 '- 30m -, dusk at 5 1 '- 30'"-

22d. Dawn at 6 h 30'"-; tried for soundings with 180 fathoms; several seals and dovekies seen in

wide lane to the north of the ship, also a bear ;
dusk at 5 1 '- 40'°

; at midnight (22d—23d) halo round

the moon.

23d. Dawn at 6 1
' 15m -, dusk at G 1

' 0"

24th. Pawn at G 1 '- 10'"
, dusk at 5 1 '- 0" 1 -

25th. Pawn at G 1
' ()"' , dusk at G 1 '- 0"1 -

26th. Pawn at G h
- 0"\ dusk at G 1

' 10m -

27th. Dawn at 5 1'- 55'"- dusk at 6 1'- 15m -; snow melted against ship's side in the sun at 9 A. M.,

temperature in shade —22° ; a seal shot ; dovekies seen ; at noon black bulb thermometer —7°, in

shade —17°5.

28th. Dawn at B1 m-; no water in sight : dusk at r,
u 15'"

: midnight (28th—1st) halo round the

in. .,in diameter 13 ; altitude of moon 1 91
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1 2th. Water in lanes and pools in sight all around; a slight swell perceptible in the lanes and cracks.

13th. A seal shot.

14th. Several small lanes and pools to the northward.

15th. Ai in- 30 ,n - P. M. a hank of aurora between S. and S. E. (true) about 8° elevation, with

ional vertical streamers ascending.

16th. [ce 1 feet -\h inches thick, increase for the month Ci inches; snow H inches, no increase; ice

.1 L20 yards west of the ship and a wide lane of water formed, extending N« and S.; its extremes

not visible ; 8 P. M., aurora from S. W. to N. E. near the horizon and with vertical streamers [lasted

till midnight].

17th. Several seals seen, three dovekies shot ; the ice much broken up and wide lanes of water run-

ning N. and S. ; 10 P. M., bright aurora between S. W. and E. N. E.

18th. A seal shot ; the ice closing; the tracks of three bears seen
;
4h - 30m - P. M. ice crushing np

with great force, that in which the ship is frozen appears setting southward of the western ice; 11

P. M. aurora between S. with E. N. E. [10° above horizon with streamers towards zenith] ;
the ice

opening.

19th. Several seals and dovekies seen; at noon, a faint halo with parhelia; 6 P. M. ice in motion,

afterwards stationary.

20th. Sounded in 150 fathoms, soft mud.

21st. Noon, the lane opened to the westward of the ship.

22d. A seal shot; six dovekies shot; 10h - 30'" P. M., the ice detached itself from the ship and she

heeled over to the gale.

23d. A seal and a dovekie shot ; a large pool of water 68 yards west of the ship
;
much water in

sight to the southward ; many narwhals seen swimming northward.

21th. The ice apparently drifting southward and opening in different directions ; 10 P. M., ice in

motion and pressing against the floe edge 70 yards west of the ship.

25th. l
h - 45m - A. ML, ice slacked off and the crack opened ;

from G until 8 P. M. the ice in motion

and crushing up with great pressure in the crack W. of the ship.

26th. '.> 1'. M., halo around the moon, diameter about 44° ; altitude moon's centre 28°
;
slight motion

in the ice.

27th. 8 P. M., ice opened in lane "W. 50 yards from ship.

29th. 8 A. ML, got bottom with ISO fathoms, mud, supposed depth 170 fathoms.

30th. Two seals and two dovekies shot; 11 P. M., Paraselena on each side and above the moon,

distant about 23°, moon's altitude 11°.

olst. Three seals shot ; a fresh bear track close to the ship.
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April, 1858. Record of the Weather kept on board the Yacht Fox, with general

REMARKS.
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16th. At 3 P. M. ice cracked and opened alongside; secured ship by the stern with three hawsers.

17th. Pieces of our floe began to break off, and at 11 A. M. the ship went adrift with them
; 3 P. M.

Bhipped rudder and stood to the eastward under double reefed mainsail and flying staysail.

L8th. The ice closed about the ship at 3 A. M. ; sludge and bay ice only visible; several bergs in

Bight ; at 6 P. M. ship fast in young ice ; many mollymauks about, and a snow bunting seen.

19th. Three bears seen ; several bergs in sight.

20th. A considerable swell ; unshipped rudder at 3 A. M. ; the lofty clouds going to the westward

at P. M. ; a bear and a seal killed ; several small bergs in sight.

21st. Tried for soundings with 170 fathoms.

22d. Many small bergs near ; they change rapidly their bearings, as if the ship and pack were drifting

past them to the S. W. ; experienced a S. W. current.

23d. A large black whale seen, also a seal; experienced a westerly set; several large seals lying

on the ice.

24th. 8 P. M. a swell from the S. E., and ice commenced to break up.

25th. Swell rapidly increasing; ice striking against the ship; proceeded under sail and steam to the

eastward : noon, swell ten feet high ; ship receiving very violent and frequent shocks, and proceeding,

head to swell, through close heavy ice ; 6 P. M. swell thirteen feet high, ice less close, shocks still

more violent ; 8 P. M. cleared the ice, stopped engine, and made sail.

26th. Mollymauks and kittiwakes abundant.

21th. 7 A. M. saw the land about Sukkertoppan N. E. by 3ST. (true).

28th. Anchored at llolsteinberg at 7
h

- 30m - P. M. in seventeen fathoms water, moored with hawsers

to the rocks.

29th and 30th. In the harbor of Holsteiuberg.

[Specific gravity of sea-water:

—

On the 7th, in 110 fathoms, 1.0295 (temp. 34°)
;

" 10th, " 120 " 1.0290 " 34°;

14th, " 110 " 1.0310 " 31°;

in 5 fathoms, 1.0275 (temp. 30°).

"4 " 1.0275 " 30°.

" 4 " 1.0278 " 30.5°.

21st, " 110 1.0280 31.5°.]

May, 1858. Record of the "Weather kept on board the Yacht Fox, with general
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NOTKS TO MAY HKCORD.

1st. At Holsteinburg.

8th. Sailed from Holstcinburg at I
1 '- A. A!.

9th. Much ice about ; white whale seen ; specific gravity of sea water, surface, 1.0270.

10th. Midnight (Oth—10th) off Northstrora Fiord; icebergs and ice about; noon, off Rifeal ; at

7
h

- 15" 1

-, when 8 miles from Godhavn, stopped by ice extending in to the land; thick fog and snow

came on ; very narrowly escaped running on the 1S
T

. W. of the Whalcfish Islands. [Passed moro than

500 bergs.]

1 lth. Anchored at Whalefish Islands in 12^ fathoms.

15th. G P. M., prismatic halo around sun about 45° diameter, two lateral parhelia, some polarization;

also an arch 15° above horizon, apparently of a circle of same diameter as halo, opposite the sun.

ICth. Godhavn Harbor and entrance tilled with packed ice.

17th. V- 30m - P. M., anchored in Upernavik, Back Bay, in 10| fathoms.

24th. Left Upernavik, and steamed to Godhavn.

25th. Steamed out of Godhavn at 4h - 30m - A. M.

26th. 6 A. M., entered the AVaigat; 4h - 30™-, anchored off the coal seam in 7 fathoms; one-third

of a mile off shore.

27th. Proceeded under steam northward at ll h - 50m - P. M.
28th. Passed out of the AVaigat, steering for Black Hook.

29th. At 5 h
- 30m - P. M. off Black Hook, Sanderson's Hope ahead ; many bergs in sight.

31st. 7 A. M., hove to off Sanderson's Hope ; 10u
- 30m - A. M., bore up for Upernavik.

June, 1858. Record of the Weather kept on board the Yacht Fox, with general
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NOTES TO JUNE RECORD.

4th. Started under steam at 5 1 '- 30™- A. M. ; west point of Great Dane Island (Narsak), north one

and a half mile ; 3 1 ' 30"1 P. M., made fast to land ice in a bay on south side of Upcrnavik Island
;
the

ice closed in and beset the ship.

6th. Started under steam at 5 h - 50m - A. M. ; at ldh - 20'"- made fast to a grounded berg in 25 fathoms,

half a mile west of a nigged island having a large cairn on the summit of its S. W. extreme; Bnchan

Island west three and a half or four miles.

?th. Passed south of Bnchan Island, and close along its west side; at8 h-30m-A. M. struck and

remained fast on a reef of rocks, tide falling; extremes of Buchan Island S. 30° W. and S. 18° E.,

distant about one mile ; at l b - 30m - P. M. low water.

8th. A1 llb - 40m - A. M. observed a rock above water bearing from noon position S. 28° E. (true)

three miles; passed inside Horse's Head; 2b
- 40m - passed another rock; Horse's Head S. 15° E

;

Cape Shackleton (North Bluff) N. 46° E. (true).

9th. Steamed at intervals for about three hours.

11th. Made fast one mile N. of the Duck Islands.

12th. Tried to reach a lead close to Cape Wilcox but failed and returned ;
new moon at 2 P. M.,

high water at ll b - Gm - A. M. ; rise 3 feet 8 inches; flood sets N. N. W., ebb sets S. S. E., about 2' an

hour between the islands.

13th. At luh 40m - P. M. steamed to the northward, and made fast to laud ice; 4' N. * W. from

Eastern Duck Island.

nth. 4 P. M. saw the Sabine Islands bearing N. E. (true), and distant seven miles.

18th. Passed through and steamed along the land ice.

19th. Made fast at a nip ; four bears seen, many seals and birds ; 10 A. M., until 3 b - 30 ra
- P. M.,

under sail, working to westward ;
unable to distinguish the laud ice from the loose ice.

22d. Advanced one mile to the N. W. ;
progress impeded by nips.

23d. At 9 P. M. got through the nip and made sail to the N. W. ;
three bears seen.

2tth. At 11 A. M. came up to a nip and made fast; about 500 little auks shot.

25th. Nip opened; proceeded under steam and sail ; two bears seen; at 4h - 30m - P. M. stopped at

a nip; 5' S. E. ofBushnan Island.

26th. 7 1'. M. made fast to laud ice ; Cape York N. W. 4'
; 9 P. M. proceeded to the westward

;

shot a walrus.

27th. Blowing strong and very thick ; 2 1 '- 15m P. M. made fast to a floe ; when clear saw Conical

Island N. W. 18' or 20'
;
offshore six miles.

28th. Find this floe is held fast by grounded bergs near us; 42 fathoms; mud and stones; shot

rotchies; many rotchies' eggs picked up.

29th. The ship in a large space of water; no lead visible ; considerable movement in the loose ice

caused by current and wind.

30th. 8 A. M. tying to a floe three miles off shore.

|
The specific gravity of the surface water is copied from the fourth number of the Board of Trade

J'njiers.^
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July, 1858. Pvecord of the Weather kei>t on hoard tiie Yacht Pox, with general
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15th. Proceeded to Cape Warrander; ice all round.

lGlh. Lying to in a space of water oft' Cape Warrander.

1 7th. The ice is very loose ; stopped when within four miles of Cape Hay
;
many narwhals and two

black whales seen.

20lh. Commenced boring through the pack to the S. E.

21st. Attempted to bore through the pack
;

a seal shot.

22d. Attempted to bore through the pack ; a very large bear shot.

•24th. Steaming through loose ice from 7 until 10 P. M ; 8 P. M., off Possession Bay.

25th. Made Cast to the land ice ; a bear seen.

2Gth. 4 A.M., ship drifted to a loose floe in order to drift to the southward with it.

27th. Made fast to land ice off Button Point; at noou one mile off shore; shooting party brings

back 312 loons.

28th. Captain and interpreter left the ship to visit the natives up the inlet; shooting party returns

with 301 loons.

29th. The ice in the inlet broke up; shifted ship to the land ice H mile X. E. of Button Point
;

Captain and party returned.

30th. 9 P. M., commenced steaming up Pond's Inlet with two natives on board.

31st. 8 A. M., came to fast ice IT miles up the inlet, found it too weak to make fast to ; a strong lea

current.

(Numerous unicorns were seen this month.)

[Notes on specific gravity of sea water are from the 4th paper of the Board of Trade.]

August, 1858. Record of the



APPENDIX. 131

2d. Beating to tbe westward through drifting ice; C P. M., Captain and party returned; bore up

to the eastward.

3d. Midnight (2-3) four natives came on hoard
;
endeavoring to beal Oul of Pond's Bay.

lth. Found the Current to set westward along the north shore; whales seen.

5th. Steaming from 4 until 7 P. M.
;
then made fast to land ice, three miles southeast of Cape

Graham shore ; whale seen.

7th. A bear shot.

8th. A heavy gale with very heavy sea.

10th. Many walrus seen; passed through a few streams of ice ; 9 P. M., rounded Cape llurd in

thick fog; grounded in the mouth of Rigby Bay; floated off; a bear shot.

11th. A bear shot; anchored inside Cape Riley and commenced taking on board coals.

12th. Loose ice in motion with the tide ; coaling from C. Riley and receiving stores from Beechey

Island.

14th. Proceeded to Beechey Island ; anchored off the house in five fathoms.

16th. Sailed for Cape Ilotham at 6 A. M., at 7
h

- 30m - off Cape Hothani depot, landed and brought

off two whale boats
;
proceeded to the westward.

17th. Steered for Peal Sound 9 P. M., Cape Granite N. 73° E., and Cape Lyons N. 56° W.
;

observed fast ice extending across the straits from about Cape Briggs to McClure Bay ; bore up for

Narrow Straits.

18th. At 2h - 15 ra
- A. M., passed Limestone Island ; 4 P. M., off Cape McClintock ; 9 P. M., steam-

ing against a head-wind round X. E. cape ; midnight anchored in Port Leopold in seven fathoms ;
1'

N. X. W. of Whaler Point.

19th. Examining stores on Whaler Point; 5h - 30m - P. M. made sail to the southward.

20th. 10h 30m - A. M., passed Fury Point in a snow shower; 4 P. M., off Cape Garry; 8 h
- 30m -,

rounded the north point of Brentford Bay; observed a small cairn upon it; 10h - 15m -, anchored in a

bay four miles further west.

21st. A bear shot ; made an attempt to pass through Bellot Straits, found it full of loose ice in rapid

motion with a very strong tide ; returned to Depot Bay ; erected a cairn and lauded a depot of 15 days

provisions.

22d. A bearded seal shot.

23d. Made another attempt to pass through Bellot Straits, found it choked ; ran to the southward

until stopped by fast ice ; anchored in a harbor on east side of Levesque Island at 4 P. M ; a herd of

reindeer seen on north shore of Bellot Straits, and two seen on shore here.

24th. Made another attempt to penetrate Bellot Straits ; anchored in a small bay on the north shore,

about half way through at ll h
- 15m - P. M., a very unsafe position.

25th. At 3b - 30™ A. M., left anchorage and steamed west 4', but being unable to get further returned

to Depot Bay and anchored there at 8 P. M.
2Gth. At 9 A. M., ran to the southward, anchored in Stillwell Bay? 7 fathoms soft mud; landed

120 rations in casks in lat. 71° 21' N. ; heavy streams of ice in the offing.

27th. 9 A. M., made sail for Depot Bay ; working to windward between the streams of ice in the

offing and the land.

28th. Very little ice seen this day.

29th. Noon, anchored in Depot Bay in 10 fathoms water.

30th. At 5 A. M. steamed into Bellot Straits, finding it still full of loose ice; anchored in a harbor

at the head of Port Kennedy at 10h-30m - A. M. in 11 fathoms; at 6 P. M. Captain and boat party

left the ship to examine the ice in Victoria Strait from the western hills ; a herd of deer seen and a

bearded seal shot.

31st. Several deer seen inland.

[Several Brent geese and Peregrine falcons shot on the 23d and 29th ; from the 1st to the 5th

whales were very numerous.

—

B. of T. Papers.']
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September, 1858. Record of tue Weather kept on board the Yacht Fox, with oeneral
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October,
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November,
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December,
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23d. A ptarmigan

24th. 11 P. M., bright aurora all over the heavens [causing the magnetometer to oscillate consider-

ably.—B. of T. Papers].

28th. Aurora between S. S. E. and W. by N., about 20° above the horizon.

29th. A ptarmigan, and the recent track of a deer, and one or two hares seen.

30th. 5 P. M., aurora to the southward, about 35° above the horizon.

31st. A ptarmigan seen.

January, 1859. Record of tiie Weather kept on board the Yacht Fox, with general
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18th. A fox caught; 6 P. M. a bear's trad; seen in Depot Bay.

19th. A hare shot; 10 P. M. a halo round the moon.
-1st. A ptarmigan shot, and a hare seen.

22d. A raven seen.

2Cth. Sun's upper limb appeared at 11 A. M.; fresh tracks of two reindeer seen.

30th. Three ptarmigan shot, 3 A. M.
31st. 3 A. M. bright aurora between S. E. and X. W., passed through S. W.; 6 P. M pencils of

auroral rays from horizon to zenith between S. E. and W. ; electrometer strongly afl'eeted ; two
ptarmigan shot.

February,
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March, 1859. Record of the Weather kept on board the Yacht Fox
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April, 1859. Record of the Weather kept on board the Yacht Fox, with general
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May 1859. Kecord of the Weather kept on board the Yacht Fox, with general
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June, 1859. Record of the Weather kept on board the Yacht Fox, with general
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20th. Two ducks shot.

21.-t. One seal shot.

22d. Twelve ducks and one hare shot ; seal seen.

23d. Five ducks and one red-throated diver shot; a seal seen.

24th. Four ducks and four deer seen.

25th. One duck and one diver shot.

26th. One duck shot.

27th. One duck and one plover shot ; two deer seen.

28th. Fonr plover shot.

29th. One deer seen ; two ducks shot ; one ermine caught.

30th. Several geese seen, and a duck shot.

July, 1859. Record of the Weather kept on board the Yacht Fox,
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17th. A fox seen.

18th. A seal shot, and another taken from a bear; a gull anil a duck shot.

24th. An usuk seen.

25th. Several flocks of ducks flying eastward.

2C>th. Dellot Straits clear of ice as far as Western Head.

27th. Ice breaking up around the ship ; 1 1 gulls shot.

28th. A large extent of harbor ice commenced driving out.

20th. Drifted with harbor ice, to which the ship is attached, between the Fox Island and the main,

until 2 A. M., when the ice was brought up by the land and shoals; 4 A. M., western current ceased
;

5 A. M., ice commenced drifting eastward ; 9 A. M., made sail to a light S. W. breeze ; 9 h
- 45"' j;ot

clear of the ice, and proceeded into Port Kennedy ; 11 A. M., anchored in 6^ fathoms off Observation

Point.

30th. Ice breaking away from head of harbor; outer harbor almost clear; ll h-30m
, harbor ice

drifted foul of the ship; several gulls shot.

31st. Two gulls and one duck shot.

August, 1859. Record of the Weatiier kept on board the Yacht Fox, with general
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9th. 10h 30m A. M., weighed and proceeded out of tlie harbor under sail and steam ; noon, passing

south end of Long Island ; l
1
'

,
passed between Brown's Island and off Lying Islet southeastward ; 2h-

off Hazard Inlet ; 8 1

' , off Mt. Oliver; 8 to 12, steering between pack and land.

10th. 4 A. M., steaming past Cape Garry ; Creswell Bay clear of ice ; 11> 25ln A. ML, made fast to

grounded ice in 3 fathoms, ,'> cable lengths off shore of Adelaide Bay; Fury Point 2' E. by N. (true);

a seal and several dovekies shot; white whales, ducks, and mollymauks seen; pack closing in; low

water 3 P. M. ; ebb sets lo S. W. along land ; high water near midnight; rise H feet.

11th. A white whale shot, 13 feet 2 inches long; pack closing in Cresswell Bay.

12th. Ice driving to southwestward ; no water visible in Cresswell Bay or in N. E. ; a seal seen
;

tide Mowed until midnight; water rose 10 feet.

13th. Pack in offing driving southwestward; (4 A.M.) no water visible from toast-head, except

inside the space into which we are lying; a small seal and some dovekies shot ; many king ducks flying

northward ; high water at 12 h
- 30 ,n -

1 4th. 4 A. M., pack driving to southwestward ; many ducks flying northward.

15th. Tide flowed until about l
1
' 20">- A. M. ; at 5 h

- 45'" P. M. Fury Beach bore W. (true) three

miles distant.

16th. 2 h - 45m A. M., off Batty Bay, free from ice; 9 A. M., off Elwin Bay; 3h - 30m - P. M., Cape

Sepping X. W. i W-, distant 6'
; ice seen extending from Leopold Island eastward.

1 7 tli. A black whale and some narwhals seen ; Barrow Strait clear of ice as far as visible; 8 P. M.,

passed a small sheet of ice.

18th. Many narwhals about the ship; passing stream of loose ice; 9 h 30m P. M
,
passing Admiralty

Inlet ; some pack or stream ice seen in shore.

1 9th. 4 A. M., two miles off Wollaston Island : running among loose ice ; midnight (19-20), passing

round Cape Byam Martin, distant 4'.

20th. Noon, off Cape Burney, distant H' ; a bear and two cups shot; 6 P. M., off Cape Graham

Moore.

21st. No floe ice visible.

22d. Some rotchies seen
;
passed several bergs.

23d. 75 bergs in sight; saw some stream ice in eastward.

24th. A few bergs in sight; 9 P. M. , saw the laud about Swarte Ilook.

25th. A linback whale seen ; rotchies seen.

26th. Saw the land about Mellem Fiord ; 4 P. M., off Disco Fiord.

27th. 2 A. M., anchored in Godhavn Harbor in H fathoms.

Specific gravity of sea water

—

21st. 1.0278. 24th. 1.0270.

22d. 1.0275. 25th. 1.0265.

23d. 1.0262. 26th. 1.0275.

31st. [Aurora slight in S. W. (true) at 11 P. M.—B. of T. Papers.]

September, 1859.
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NOTKS TO SEPTEMBER RECORD.

1st. Proceeded out of Godhavn; two whales secu.

2d. Passed several bergs.

3d. Bergs seen.

4th to 5th. Midnight ; six bottle-nosed whales seen.

6th. Bergs in sight; passed a drift pine log; midnight, slight aurora in S. E.

7th. Bergs passed ; a tinner seen ; midnight, aurora in S. W.
Nth. Pottle-nosed whale seen.

9th. Passed piece of drift pine.

10th. [Aurora, 10 P. M., in N. E.—B. of T. Papers.}

15th. Porpoises seen.

18th. 8 P. M., sounded in 8G fathoms.
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were rendered invisible. Once only was there noticed a connection between cirrous clouds and the

aurora.

" Of the 42 auroras observed during our winter at Port Kennedy (1858—'9) 24—marked with an

asterisk—were in a direction of a space of water, open throughout the winter, or of the vapor rising

from it. More than this number might be traced to it, but of these 24 I am certain. On the nights

of the 30th and 31st March, 1859, I noticed the aurora between myself and the land; the patches of

light could plainly be seen a few feet above the small mass of vapor arising from the water. The

opposite land was from two and a half to three miles distant, and I am confident, if this land had been

sufficiently high, the most of these 24 auroras would have been seen suspended but a short distance

above the surface of the water or ice. Ou five occasions the aurora was observed to cause agitation

of the magnectic needle; on one of these, Dec. 24, 1858, I noticed a vibration of 15°; on the other four

times the vibration was not much more than a degree; four of these five occurred when the aurora was

from south to north, passing through the zenith. A fine wire was attached to the fore yard-arm by

insulated supports and led to a snow house with a connection through the floe to the water beneath.

Here the gold leaf electroscope was at times applied, and I was enabled to observe the presence of the

electricity in the atmosphere and also the influence of the aurora on the instrument. There appeared

to occur two periods of minimum electric intensity about 9 P. M. and noon; the instrument not being

sufficiently delicate I could not be satisfied about the time of the maximum. On the whole there

seemed to be more fur electricity present in the air at Port Kennedy than Baffin's Bay or Davis' Strait.

On six occasions in 1857—'8 I observed a well-marked effect on the electroscope by the presence of

aurora, the gold leaves diverging with greater force and remaining so for a longer time than usual.

On three occasions at Port Kennedy, when the aurora was from horizon to zenith, the electroscope was

strongly affected; on all these occasions the electricity was positive."

[D. W.]
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PLATE.

Outline .Map showing the position of the ancient mine-pits of Point Keweenaw, Michigan, by

Charles Whittlesey. (Frontispiece.)

WOOD-CUTS.

Figure 1. Waterbury Mine—artificial cavern .

Figure 2. Wooden Shovel—Waterbury Mine .

Figure 3. Section on the Copper Falls Vein .

Figure 4. Stone Hammer or Maul, with one groove, and broken by use Copper Falls Mine
Figure 5. Copper Spear-head—Copper Falls Mine

Figure 0. Central Mine. Section of the vein and old pit, East and west

Figure 7. Broken Maul, without groove—Central Mine

Figure 8. Ancient Pits in the Boulder Drift or Gravel—Qnincy Location

Figure 9. Minnesota Mine. Section across the Vein, looking from the easterly quarter

Figure 10. Stone Maul, with double grooves—Minnesota Mine

Figure 11. Copper Chisel, full size—Minnesota Mine .

Figure 12. Spear-head, half size—Ontonagon. From drawings of John F. Mullowney, Esq

Surveyor ....
Figure 13. Copper Gad, full size—Minnesota Mine

Figure 14. Chisel, half size—Ontonagon

Figure 15. Rude Copper Knife, full size—Carp River .

Figure 1G. Pointed Tool with a Socket, full size—Carp River

Figure 17. Copper Instrument, full size—Fort Wilkins

Figure 18. Copper Hook, full size— Sanlt St. Mary's .

Figure 19. Outline of a Copper Tool, full size—Garden River,

Figure 20. Copper Spear-head, full size, downward view—Oak

eonsin ....
Figure 21. Copper Knife, full size
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ANCIENT MINING ON THE SHORES OF LAKE SUPERIOR.

PRELIMINARY REMARKS.

The evidences of ancient mining operations within the mineral region of Lake
Superior were first brought to public notice in the winter of 1847-8. Although the

Jesuit fathers frequently mention the existence of copper, and even use the term m int s,

it is clear, from the general tenor of their narratives, that they neither saw nor knew
of any actual mining in the technical sense of that word. They announced as early

as the year 1636 the presence of native copper, and refer to it as having been taken

from the "mines." This was prior to the time when they had themselves visited

the Great Lake, and their information was derived from Indians. At the same

time they speak with equal certainty of mines of gold, rubies, and steel ; but it must

be borne in remembrance that the French word is not equivalent to our English

mines, but may be more correctly rendered veins or deposits of metals or ores.

In the "Relacions" for 1659-60, after missions had been established on Lake

Superior, the region is reported to be "enriched in all its borders by mines of lead

almost pure and of copper all refined in pieces as large as the fist, and great rocks

which have whole veins of torquoise." It is probable that these accounts are

second hand and such as the Chippeways gave when they exhibited to the fathers

specimens of native metal in the shape of water-worn pieces and small boulders.

Boucher, in the "Histoire veritable," &c, in 16-10, asserts that "there are in this

region, mines of copper, tin, antimony, and lead." He speaks of a great island

fifty leagues in circumference, which is doubtless the one now called Michipicoten,

where "there is a very beautiful mine of copper." Copper was also found in other

places in large masses "all refined;" in one instance an ingot of copper was discovered

which weighed more than 800 pounds, and from which the Indians cut oft' pieces

with their axes after having softened it by fire. All this information Boucher

obtained from some French traders, and not from his own observation. Such is the

tenor of the historical accounts from the time of Lagarde in 1636 to Charlevoix in

1721.

Detached and water-worn lumps of copper have been found in great numbers in

the gravel, clay, and loose materials that cover the rocks, from the days of the

Catholic fathers to this time, not only in the mineral region but over a large space

to (lie southward of it. All these pieces were originally from veins, but have
i
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probabl) been separated by the same cause that gave rise to that formation which

geologists call the "drift."

The agent, whatever it was, that broke off fragments from the cocks, nol onlj on

Lake Superior but further north, and transported them in the shape of boulders,

sand, and gravel, as far south as the valley of the Ohio, also bore along the con-

tents oi the mineral veins which those rocks contained. Pieces of native copper

are well calculated to resist the severe attrition to which transported materials are

subjected. Masses of it have been found not far removed from the mineral range,

weighing 3000 lbs., and others at a greater distance have been taken from the beds

of rivers and from the beach of the lake weighing 1500 and 800 pounds. Others

again of less size have been recovered from the gravel of the .Menominee River,

near the shores of Green Day, and at Sheboygan Falls near the town of Sheboygan

<.n Lake Michigan. Professor J. Brainard, of Cleveland, has a piece weighing five

or six pounds which was found five feet beneath the surface in the drift gravel of

Rocky River, Medina County, Ohio.

Had the Indians, the French, or the Jesuits of earl)' times, discovered copper

on the shores of Lake Michigan or of Lake Erie, not knowing or supposing the

metal could exist except in mines, they would probably have spoken of it as bavin-

been found in a mine. The attention of the fathers was not particularly called to

the subject of mineralogy, and although they were learned men, their knowledge

of geology must have been very limited, for this science had not at that time-

assumed a place in the schools.

As to the accounts given by savages, every one who has had much intercourse

with them, knows that great allowance must be made for their want of knowledge

and their tendency to embellishment and exaggeration. I have listened to many

wonderful tales concerning distant mineral riches. An aged Chippeway, by the

name of Kundickan, whom 1 met on the Ontonagon in 18-45, stated that as he

was one day sailing along the western shore of the Gogebic (or Akogcbe) Lake, at

the head of the west branch of that river, he heard an explosion on the face of

a rocky cliff that overlooked the water, and saw pieces of something fall at a dis-

tance from him, both in the lake and on the beach. When he had found some of

them, they proved to be a white metal, like "Shuneaw" (money), which the white

man gives to the Indians at La Pointe. There are good reasons why the old

missionaries should have had greater confidence in such stories than we have, and

thus have given them a place in their reports to the Propaganda. But with all

the intiuencc possessed by them over the Indians, and the closeness of the ties that

could not fail to exist between a priest and his converts, no instance is referred to

where they were shown mining operations upon the rocks or veins.

There is nothing to show that the Indians wrought copper in mines at that time.

They had no implements proper for the purpose; nor did they produce samples of

metal taken from its position in si/fi. The Indians had" neither copper kettles nor

axes when the French came among them; but only rudely fashioned copper knives,

that were evidently beaten out from small boulders. Instead of viewing copper as

an object of every day use, they regarded it as a sacred Manitou, and carefully

preserved pieces of it wrapped up in skin in their lodges for man\ years; and this
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custom has been continued to modem times. 1 am well aware that the) have a

superstitious dread of showing a mineral mass or locality to a white man, believing

that the Manitous will visit them with some calamity if they do so.

The missionaries, however, i'requenth overcame this Peeling in regard to copper

boulders, and could as easily have done so in regard to mines, if any such had

really existed. It' the Chippeways had been cognizant of the ancient works that

have been recently discovered, they would have communicated this fact to their

spiritual lathers, who would not have suffered so interesting a fact to be lost.

If the Indians possessed traditions from their ancestors relating to ancient

mines, or the people who worked them, those must also have come to the ears

of the Jesuits. With the exception of an old Chippeway chief who resided some

years since at Fon du Lac (Lake Superior), I have known of no one pretending to

such knowledge. The story he gives is sufficiently imaginative, and relates to

mines wrought by his tribe on Isle Royalc, in times long past, when his fathers

were much happier, and had larger canoes than his cotemporaries have now. 1

place his narrative in the same category with those above noticed, as having- refer-

ence to boulder copper, and not to that obtained from mining in situ.

From evidences which I shall give, in describing the works in detail, it will

appear that they were abandoned several hundred years before the French became

acquainted with the northern tribes; no mines having been found that could have

been wrought as late as the time of the earliest Jesuit. If such were wrought by

Indians, it must have been at a period very remote, such as Loons Foot describes.

But could the natives have lost the recollection of such a state of tilings > Had

they ever worked mines, they must have possessed the skill to fashion the metal

extracted from them into various useful forms, without which it would be of no

value. Neither the skill nor the implements themselves would have been lost in a

few hundred years, by a people having the same wants, and residing in the same

country.

It also seems to be highly improbable that their ancestors either knew of ancient

mines, not worked by themselves, or the people who wrought them. Tradition is

the only history of savage nations, and the fault of this species of knowledge is

not in the absence, but in the excess of materials such as they are.

Among thousands of legends which the Indians have related, nothing positive or

consistent has come to my knowledge respecting the people who preceded the present

Aborigines, except a tradition communicated to Major Long, in 1819, upon the

( treat Miami River, by an Indian chief, during his Expedition to the Sources of the

Mississippi. Aside from this, I have heard of nothing coming from the Western

tribes concerning the origin of the tumuli and earthworks that are so conspicuous

in Ohio, Kentucky, and other Western States. As a people, if we may judge by

their silence on a subject on which they may be supposed inclined to be communi-

cative, if they had anything to tell, the aborigines have no traditionary knowledge

of their predecessors, the race of the "mound builders." Neither do we rind in

the record of English travellers who succeeded the French in 176:5 any notice of

ancient mines.
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Description oftfie Locality of flie Remains of Ancient Mining Operations, &c.

In casting the eye over a map of Lake Superior, a remarkable projection, in the

form of an immense horn, will be observed jutting out from the south shore, and

curving to the northeast until it ends in an irregular point.

This peninsula, which is called Keweenaw Point, is about eighty miles in length,

and at the place where it joins the main land forty-five miles in width. Through

the whole extent of this projection a belt of metalliferous trap formation extends.

differing at various points in structure, and in the character of its contents. Along

this belt, which is designated on the map by dotted lines, there are exhibited, through-

out nearly its whole extent, a disturbance of the strata, and upheavals comprising a

scries of bluffs, rising abruptly from the two streams, Eagle and Montreal Rivers.

Within this belt, all the mining operations, ancient and modem, have been chiefly

confined. The most remarkable feature of the district is the character of its metal-

liferous products, which occur, not in the condition of an ore of copper, but exclu-

sively as native metal. This is met with in immense masses, in veins of smaller

size, and in rounded nodules. The cutting of the masses is a tedious and cost 1\

process, and in some instances, even with all the appliances of modern art, requires

several months before a single mass is entirely removed from the mine. The metal

is sometimes almost entirely free from foreign matter, yielding when melted down

in the furnace from !)<) to 95 per cent, of copper.

The first actual mining operations, within historic times, were commenced near

the forks of the Ontonagon, in 1761, by Alexander Henry, but under the peculiar

circumstances they proved entirely abortive. In 1841, Dr. Douglas Houghton made

a report to the Legislature of Michigan, in which the earliest definite information in

regard to the occurrence of native copper on Lake Superior was given to the public.

Shortly after this, mining operations were commenced in this region, explorers and

speculators flocked to it from all quarters, and in 1x4.") the shores of Keweenaw

Point were whitened with their tents.

In 1846 the excitement reached its climax, after which a reaction took place,

and finally only half a dozen companies out of all that had been formed continued

the operation of mining in good earnest.

The first public announcement, so far as we are aware, of the remains of ancient

mines in the copper region is that by Mr. S. O. Knapp, agent of the Minnesota

Mining Company, in L848. Dr. ('has. T. Jackson brought forward the subject in

his Geological Report to the United States Government, in 1849, and gave some

interesting details of what had been discovered up to that time. Further mention

of it was made by Messrs. Foster and Whitney, in their report in 1850, and several

illustrations were given. Since then our knowledge of the subject has been much

enlarged by the prosecution of mining operations on the very sites of the ancient

works.

li must not, however, be supposed that our information is now complete. It is by

no means an ras\ task to discover remains buried, as those of the ancient mines ol
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Lake Superior are, in extensive and dense forests, where the explorer can only sec

a tew rods, or, perhaps, yards around him, and where there is seldom anything

which rises sufficiently high ahove the surface to attract the eye.

They arc, for the most part, merely irregular depressions in the soil, trenches, pits,

and ca\ ities; sometimes not exceeding one foot in depth, and a few feet in diameter.

Thousands of persons had seen the depressions prior to 1848, who never suspected

that they had any connection with the arts of man; the hollows, made by large

trees overturned by the wind, being frequently as well marked as the ancient exca-

vations. Besides this, there are natural depressions in the rocks on the outcrop of

veins, formed by the decomposition of the minerals, that resemble the troughs of

the ancient miners, as they" appear after the lapse of centuries. There is not always

a mound or ridge along the side of the pits, for most of the broken rock was thrown

behind, nearly tilling up the trenches. A mound of earth is as nearly imperishable

as any structure we can form. Some of the tumuli of the west retain their form,

and even the perfection of their edges at this day. But mere pits in the earth are

rapidly filled up by natural processes. Some of those which have been reopened,

and found to have been originally- ten feet deep, are now scarcely visible. Others

that have a rim of earth around the borders, or a slight mound at the side, and

were at first very shallow, are more conspicuous at present than deep ones without

a border.

There are, however, pits of such size as could not fail to surprise one at first view,

were not the effect destroyed by the close timber and underwood with which they

are surrounded. A basin-shaped cavity, 15 feet deep and 120 feet in diameter,

would immediately attract the eye of the explorer were it properly exposed. But

it is not unusual to find ten and twelve feet of decayed leaves and sticks, filling a

trench, and no broken rock or gravel. In such cases a fine red clay has formed

towards the bottom, a deposit from water, which indicates the long period of time

since the excavation was made.

From the accompanying map it will be seen that the positions of the principal

ancient mines correspond to those which arc worked at present. There are three 1

groups or centres of operation in both cases, one a little below the forks of the

Ontonagon River, another at Portage Lake, and a third on the waters of Eagle

River. Other works are known to exist, and more will probably be found; but we

have probably discovered the most important ones within the district embraced by

the map.

Although the old works are not always situated upon what would be considered

good veins, yet they are regarded by practical miners as pretty sure guides to valu-

able lodes.

In the opening of our principal mines, we have followed in the path of our pre-

decessors, but with much better means of penetrating the earth to great depths.

The old miners performed the part of surface explorers.

In giving detailed descriptions of the antiquities of the mining country, we shall

commence with those most easterly, near the extremity of Point Keweenaw, and

proceed along the mineral range in the order of position to the southwest. There are.

however, ancient works found over a much greater space than is included in the map.
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The veins on Isle Royale, and near the north shore, opposite Point Keweenaw.

wriv extensively wrought in olden times.

In the other direction, sixtj and eightj miles to the southeast, in the iron region

mar Marquette are remains that are also ancient, and which will he noticed here-

after.

No doubt future examinations will bring others to notice on the continuation of

the mineral range to the southwest, as it extends in that direction into Wisconsin.

DESCRIPTION OF THE SEVERAL AVOEKS.

1st Group.

The Agate Harbor Company has an extensive property on the range south of

Agate Harbor, on which there are reported to be Indian diggings, as these excava-

tions are frequently called by the miners. They are well developed at the works

of the Native Copper Company, on the northern slope of the range, and on the

Northwest Company's grounds at their mines, south of the "Greenstone" cliffs.

The same veins extend across both these locations, a distance of a mile and a half,

indicated by the presence of old works.

At the Northwest Mine the pits arc conspicuous, showing on the surface the

position of tJiree veins that have since been wrought. Stone mauls were abundant

in them. Some of the pits had been made in a. band of red conglomerate, which

lies between the strata of greenstone (or crystalline) and amygdaloid trap. This

conglomerate is composed of pebbles and boulders principally of red trap, cemented

l>\ argillaceous red sand, forming a very compact stratum, twelve to twenty feet.

thick. It here carries copper in small grains or pieces, near the veins; also crys-

tallized calcareous spar and epidote.

The ancients did not neglect the most trifling indications of metal, but appear to

have instituted a thorough investigation as to whether the copper existed in true

veins, in metalliferous bands, or in detached nests. There is nothing remarkable in

their operations at the "Native" Copper and the "Northwest" mines, except this

closeness of pursuit, through all the veins and branches to their most minute

extremities.

Waterbury Mine.—The works of this Company are situated about one mile and

a half west of the Northwest Mine. A person passing to the interior from Eagle

Harbor or anywhere along the northern shore of Point Keweenaw, and crossing

the mineral range to the valley of the kittle Montreal, witnesses everywhere the

same topographical features. The mountain range rises from the lake level, in the

distance of a mile, to an elevation of 500 and (il)() feet; in the next mile the ascent

is less precipitous, but the ground continues to rise from one to two hundred feet

more. Prom the summit of the range there is along the whole line, from the

extremity of the point to the Albion location, two miles west of the Cliff Mine, a

vertical wall of naked trap rudely columnar, the upper edge, or crest, of which

forms the snmmit of the range. This mineral front has the appearance of a vast

upheaval from two to three hundred feet high facing the south, ami about thirty
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miles in length. The ground from the bottom of this wall rises graduallj to the

south until it reaches another range of about the same elevation, thus forming a

long narrow valley, through which flow, in opposite directions, the Montreal and

Eagle Rivers. From the summit of the perpendicular cliff at the Waterbury Mine

this valley presents a view extremely picturesque, and such as is seldom seen by

the traveller in other regions. The general contour of the valley is curvilinear,

so that the eye, placed at the middle of an arc in the position above mentioned,

takes in the boundary ridge on each side as well as the whole Enclosure. At the

Waterbury Mine, which is situated near the middle of the length of the valley,

there is in the face of the vertical bluff an ancient artificial recess or cavern,

which is twenty-five feet in horizontal length, fifteen feet high, and twelve feet in

depth. In front of it is a pile of the excavated rock, on which are now standing, in

full size, the fores^ trees common to this region. Some of the blocks of stone which

were removed from the recess would probably weigh two or three tons, and must

have required the use of levers to dislodge them from their original position.

Beneath the surface rubbish the remains of a gutter or trough composed of cedar

hark were discovered, the object of which was clearly to conduct off the water which

was baled from the mines by wooden bowls, of which mention will be made here-

after. Portions of fine or pulverized copper scales remained in the upper end of

this trough. After removing the water and decayed leaves at the bottom of the

excavation a piece of white cedar timber was found, one end of which exhibited

tin- marks of a cutting instrument like those of a narrow axe. •>

Watebbur? Mink, artificial cavern.

—

A. Crystalline or greenstone trap, dipping N. 28°.— /?. Amygdaloid trap.—

C. Talus of the blnff and drift.—a. Ancient rock excavation.

—

b. Rubbish thrown out of a.— d. Conglomerate

bed.— c c. Jointed chloritic bed.

—

e e. Inclined shaft of Waterbury Company.—2. Little Montreal River or

creek.

The above profile is made at right angles to the bluff, and shows the geological

structure as seen from the western side. It would answer equally well for the

North, West, North Western, Eagle River, Cliff, or any mine situated on the southern

face of the coast range of Point Keweenaw.
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The copper bearing amygdaloid (7^) is separated from the crystalline or "Green-

stone" trap (^L) by a parting of conglomerate (d), which is however sometimes wanting,

and its place supplied by a thin bed of red clay called "flucan "overlaid b_\ a layer

of quartz carrying specks of copper. This parting, whether it be of red conglome-

rate or of flucan and quartz, is known as the "slide," and sometimes (though

improperly) is called a cross-course. The beds all dip northerly and at an angle of

28 . Resting immediately on the slide, and composing the inferior face of the

greenstone stratum, is a bed of blackish-green chloritic rock (<<) very much jointed,

which contains between its joints, in a leafy state and in its mass in a state more

solid, scales, particles, and lumps of copper. This chloritic bed is from 12 to 15

feet thick, and in it the ancients worked forming this cavern. The)- did not operate

on a vein at this place.

The Waterbury Company, encouraged by the labors of their predecessors, followed

from the bottom of "a" along the surface of the conglomerate by an inclined shaft

•/:,' E" to a depth of 300 feet, measuring on the slide.

In removing a part of the old burrow B, Dr. Blake discovered several shovels,

of white cedar, resembling the paddles in form now used by the Chippeway

Indians in propelling their canoes. Had these been found elsewhere, they would

bave been regarded as ordinary paddles, but in this place they had evidently been

ii>cd as shovels. This is also evident from the manner in which the blades are

worn, as shown by the lines a a, b b, cc, in the annexed sketch.

Wooden Suovel, 3J feet long—Waterbury Mine.

—

a a a. Original form.

—

b b. Partially worn.— c c. Worn obliquely.

The blades are more worn on the under side 1 than the upper, as if the mineral

had been scraped together and then shovelled out, as is the practice of the miners

of the present day. The shovels which were found beneath the water level were

sound in appearance, and the strokes of the tool by which they were formed

remained perfectly distinct, but on being dried they shrunk very much, opening in

long cracks, the wood retaining little of its original strength or hardness.

\ birch tree, two feet in diameter, grew directly over one of these paddles.

A portion of a wooden scoop, or bowl, was found in the pit, e\ idently intended

to dip up and to pass water. Its edge had been worn, like the shovels, by scraping

over the rock; but it was so much decayed that it fell to pieces when it was taken out.

I examined the walls of. this cavern minutely, hoping to find the marks of some

tool of metal. The effects of blows of stone mauls were visible, and such is the

bardness of the rock, that if drills or picks had been used upon it, I think the

marks would he easily seen, particularly on that part which was protected from the

atmosphere by water.

\t one place something resembling the impression made by the point of a light

h irp pick was discernible, but not very plain, and only in a single instance.
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In the Porcupine Mountains I have seen works made bj the English miners in

the years 17<><) and "70, where an adit or open cut made in the face of a cliff has
been always exposed to the frost and rains. But here the marks of picks and drills

appear as fresh and as perfect as if they had been recently made, although in some
places the sides of the cut are "covered l>\ old lichens and mosses.

-\r Copjper Falls Location.—The ancient miners made very extensive excavations on
the property of the Copper Fails Mining Company, both upon veins and metallife-

rous bands, which run parallel with the formations. By the profile and explanations
here given the geological structure of the place will be well understood.

Fig. 3.

Ea^jev-el^ig^a^,,^

Section on the Copper Falls Vein. Explanations.— W3*F?X=\ Trap rock. [6fo°a°o? |
Conglomerate beds. ^4'z-f--=Vrl

Sandstone.

—

a a a. Ancient pits on the vein.

—

b b 6. Shafts and galleries of the mine.— c. Sand dunes.

—

d d.

Copper bearing bed of trap.

Scale—horizontal and vertical—2 inches to the mile. 1, (i, 7, Nos. of the shafts.

This sketch illustrates the geology of the northern part of the range, or of all

mines described under the head of Copper Falls Location.

From this it will also appear that when we use the term extensive, as applied to

" Indian diggings," it is only in a comparative sense, and in reference to other

works of the old miners. The levels and shafts constructed by the Copper Falls

Mining Company', since 1851, cause the mining of the ancients to appear like mere

exploratory pits.

On looking at the map, the pits will be seen, to occupy a total length of several

miles on this location; but none have been reopened that had a greater depth than

twenty-four feet, while the modern shaft has already descended more than 250 feet,

and the mine has rock galleries of greater total length than all the old trenches of

the ancients. In the profile their pits are shaded, and represented at a a «, occupying

about half a mile on the "Fast Vein," or as it is sometimes called, the "Copper
Falls Vein." Before they were obliterated, as they are in part now, the surface

appearance- was that of an irregular channel or trough ascending the mountain from

the edge of the sandstone beds to the band d d, which carries copper. Here a

system of basin-shaped cavities, broad, circular, and deep, crossed those made on

the vein. They are denoted by heavy black dots on the map.

The first named series were from two to five feet deep and five to ten broad, and

the latter five to eighteen deep, with a diameter of twenty to 120 feet. Forest

trees and underbrush stood alike within and without them.
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There is ;• heavy vein half a mile wesf uf the East Vein, which is styled the

VVesI or the - - 1 1 i 11 Vein," where the old works arc similar in all respects to those

ahove noticed and sketched on the East Vein. Those on the "Owl Creek" Vein

arc net so extensive, because the creek occupies the "back" of the lode. Still

further east other veins are seen with pits, not only on this location, but on that of

the Eagle Harbor Mining Company. Broken stone mauls are common in all of

them. About the point where the Owl Creek crosses the " scoriaceous" or metal

bearing bed J (J, the excavations on that bed near the creek are very marked.

Here is something similar to the cave on the Waterbury Location.

A very large pit to the east of Owl Creek was partially explored by S. W. Hill,

Esq., the Superintendent of the mine, in 1S.V.2. By running in an adit on a level

eighteen feet below the edge of the depression, after passing some distance in the

gravel, rock was met in place; cutting through this at a distance of 100 feet, the

miners discovered loose fragments and rubbish that had been handled, and pieces

of timber still in good preservation. The adit was not deep enough to drain the

pit to its bottom, and its depth was not ascertained. I have in my possession a

portion of a pine tree from the end of this adit, in complete preservation, except a

part which was charred by fire. The adjacent rock contained sheet copper, and

small lumps, being a part of the metalliferous band.

By examining the section, it will be seen that the order of succession in the strata

is as follows:

—

Beginning at the shore of the lake first, a bed of trap, that dips northerly. It

rests upon a stratum of red conglomerate of great thickness, dipping conformably

under the trap, and is succeeded by conformable 1 and alternating beds of trap and

red sandstone, known by the geologist as the "Potsdam" red.

In these beds the mineral veins are not rich enough for working; a fact, which

the ancients knew full well, for it was only on the regular and uniform strata of trap

underlying the variable beds that they expended their labor.

<r On clearing out some of the old pits, Air. Hill found wooden shovels like those

at the Waterbury Mine, more or less worn and of the same size and shape. In

the bottom of trenches, and among the rubbish, the workmen saw continually ashes

and charcoal, with other traces of the presence of fire. They threw out frequently

broken hammers or "mauls," with a groove around the middle. These mauls weigh

from five to fifteen pounds, and are merely oblong water-worn boulders of hard,

tough rocks. Nature has done everything in fashioning them, except the groove,

which was chiselled around the middle. They were collected from the smooth

boulders of the lake shore, and from banks of coarse gravel that abound in the

country. Most of them are trap; but the hornblende, sienitic and granitic rocks

furnish some. The ring or groove appears to have been cut for the purpose of

attaching a withe, to lie used as a handle, wherewith to swing the maul. In one of

the trenches on the Cliff Mine, north of the upper engine, one was found with a

root of cedar still twisted in the groove, but so much decayed that it fell to pieces

and was not brought away. Dr. M. D. Senter, of the Cliff Mine, states that he

saw it before being disturbed, and it. was evidently the intention of the operators

to use the twisted root or withe for a handle. V
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Most, of these hammers arc fractured at both

ends, and the peculiar sharp cut character of the

fracture in many cases indicates that the imple-

ment had been used to drive metallic wedges, such

as quarrymen call a "gad." Copper gads of this

kind have been found in old pits at the Minnesota

Mine. It will be seen also that there are heavier

mauls with double grooves, probably to be handled

by two men.

In the description of works at the Central Mine,

a class of hammers will be noticed without a groove. The

one here figured was taken from a pit near Shaft No. 1 of

the section above given. Not far to the south of the same

/ shaft was found a copper spear or javelin head, in the rub-

bish near the bottom. Three others were found by Mr.

Hill on the surface. One of them was so much corroded

that the socket was nearly gone. The other I have sketched

of natural size and thickness, from the original in the pos-

session of Mr. Hill. It was evidently formed by beating the

metal while cold, probably between stones, having a rough

and not a polished exterior; it is not. much decayed. The

section of the blade B shows that its two faces were not

symmetrical. A piece of decayed wood was found in the

socket of one of them, being apparently the remnant of the

shaft, by which it was hurled. As the edges of the "shank"

or socket are not soldered together, but 'only bent around

the shaft, it was probably wound with some ligament to give

it strength. It is too large and heavy for an arrow-head;

neither has it the shape proper for that purpose.

The description here given of the pits of the east vein

will answer for almost all others.

In working the surface of the vein, or of the copper-bearing

bed, the ancient operators must have wrought open to the

day. They no doubt commenced as low down the slope of

the range as the copper appeared to them worth being taken

out, and worked upwards towards the south, in order to keep

their drainage. From their rude and tedious method it was

of the highest consequence to cause the water to flow away

behind them, without the necessity of baling.

The "attle," or broken rock, was generally thrown back

into the vacant space whence it had been taken: but little of

it was cast out to right and left along the margin of the vein,

which explains why the pits are so shallow at the present time.

In many places on this location, the vein is with' enough to

allow men to work between its walls.

Fig. 4.

Stone Hammer or Mai'I., with one groove,

and broken by use ; length 7 inches.

Copper Falls Mini'.

Copper Spear-head—Copper

Falls Mine.— B. Section of

blade at cd. d. Section of

shank nt a b. Scale, full

size.
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Thin sheets of copper were lefl standing at the bottom of the ancient excavation,

which might readily have been extracted, and it seems singular that they were not.

Central Mine.—Near the road from the "North Western" to the "Winthrop"

Mine, in an open grove of sugar trees, a depression was observed about five feet

deep and thirt) feel in length. It was generally free from water, and differed so

little from cavities that are not artificial, but which are due to geological causes,

that it did not attract much attention.

Mr. John Slawson, the agent of the North Western Mine, after a careful surface

examination, concluded that this pit was not wholly due to nature, and the tract

was on that account purchased for mining, in the fall of 1854.

Fig. 6.

Central Mine. Section of the vein and old pit. East and w«l.

—

A .1. Trap rock wall of the vein c/ J.— a. Ancient

excavation partly filled. c c. Masses of native copper in the vein.

—

l b. Drift gravel covering the rocks.

The Central Mining Compan) having been organized, a drain was constructed to

take off the water, which was no sooner done than all doubts were removed; about

five feet in depth of leaves and rotten sticks had accumulated at the bottom, among

which a hard substance could he felt with a stick.

This proved to he a flat piece of native copper C, from five to nine inches thick, and

nine feet in length, forming part of a large vein </ <L as shown in the profile. The

vein material had been worked a\\a\ from one foot to eighteen inches along side of

it. and it extended forward as well as downward in the vein. Its upper edge had

been beaten by the stone mauls so severely, that a lip. or projecting rim, had been

formed, which was bent downwards, over the sides. A large number of broken

mauls were found in the place, and around it on the surface, all of them without

grooves, of which the annexed woodcut is an illustration.

I have seen similar ones on the Humboldt Location, next west of Copper Falls.

Where this class of stone hammers is found, those with grooves an- wanting. The

grooveless ones appear to have been used for percussion only at <»i< end,as though

the manner of holding them was such that a blow was not given on the other.

The Peruvians have a copper axe without an eye, or a groove, to which, how-

ever, thej attach a handle in the form of a split stick, hound with thongs. The

ancient miners, probably, hail some such mode of tying a handle to these smooth
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oblong stones. Different parties of men may have preferred tools of different kinds,

which would account for mauls, which arc seen at one mine, being among them-

selves alike, but dissimilar to those at other places.

Pis

Broken Maul, Central Mine.—Without groove, ^ size, weight 8| lbs.

The usual remains were here thrown out, consisting of charcoal, ashes, and broken

wall rock.

The general bearing of the vein is 10° or 12° west of north. The section is

made across it, east and west, looking south, and is vertical.

As the labor of uncovering the mass of copper progressed, another one was met

with, overlapping the first, and adhering to the east wall. Further on, in the adit,

a third mass was found, attached to the western wall, partly overlapping the one

which the ancients had left.

By stoping out a space about sixty feet in length by twenty deep, on the vein,

the Company took out fifty-three tons of mass copper. Such unwieldy pieces

appear to have been beyond the control of the old miners. Their object seems to

have been to secure small lumps, such as could be fashioned without melting.

Whatever pieces might, have been detached, by diligent pounding with their stone

mauls, were broken off, and the remainder was abandoned.

It was impossible for them to cut into pieces, reduce by melting, raise from the

pit, or transport blocks of metal weighing many tons. There are neither marks of

a cutting tool upon them, nor of the action of fire. It is quite singular that they

had not discovered the art of melting copper, which can be effected so easily in an

open fire made of wood, but no evidences have fallen under our notice that this

was done bv that ancient race.
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2d Group.

Portage Lake Region.

Quincy and PewaMc Mines.— Portage fake resembles in form the long, narrow,

and crooked Scottish lochs. Like them its quiet surface reflects the outlines of

most exquisite scenery.

It connects with Lake Superior through the channel of Sturgeon River, which

has so little descent below the point of junction, that all material changes in the

level of the great lake are felt throughout this inland water.

The Quincy landing is situated on the north side of Portage Lake, about twenty

miles from Keweenaw Bay. The northern shore, which is nearly east and west at

the landing, does not show rocks at the water level.

A succession of drift, knolls, points, and headlands, rising about 200 feet above

the surface, overlook this shore. Above this elevation, and attaining a height of

500 to 600 feet, are seen projecting ledges and bluffs of trap rock, inclosing mineral

veins. This rock is also visible at the heads of ravines where rivulets fall over low

precipices forming small cataracts.

The first signs id' ancient excavations occur near the lake level, and what is

remarkable, are not in the rock, but in the sand and boulder "drift."

Fig. S.

Ancient Pits in the Bouldeb 1>rikt or Gravel, Quincy Location.

The mosl capacious of these gravel pits, however, occur on a line nearly level

and aboul ion fret above the surface of the water.
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They are partly upon the land of the Quincy Mining Company and in part on

the Pewabic, a short distance- cast of the landing, as shown in the sketch. Those

constituting the upper series are even, broad, deep, and regular, having the appear-

ance of old fortifications. Thej extend around the headlands of gravel, connecting

adjacent ravines, as though the object was to bring water from the- rivulets along

the face of the bluff.

At the points of the ridges they are much broader and deeper than they are at

the heads of the ravines. The resemblance to a race way, or "sluice" for running

water, is such that it required much examination to convince me that they had

not been used for that purpose. There are, however, no openings at the extremi-

ties, such as would have been the case in sluices, to admit and discharge water.

A bench, or narrow terrace, breaking into the slope of the hill, forms a regular

plateau for the uppermost group ; the other groups being scattered along the slope

at irregular intervals. Some of them extend down the declivity nearly to the

water's edge. Pits of a peculiar shape are occasionally seen to the westward of

the landing, particularly at the distance of about a mile. Here is a group of small

ones covering several acres on a piece of level land, which is elevated about 200

feet above the lake, constituting one of the upper drift terraces.

There arc no doubt many others, large and small, concealed by the thick brush

wood with which the ground is covered. Mr. ('. ('. Douglass, formerly an assistant

of Dr. Houghton, in the geological survey of the Upper Peninsula, and since for

many years the superintendent of the Quincy and Isle Royale Mining Companies,

states that lumps of water-rolled copper and small masses are frequently found on

both sides cf the lake in this drift gravel. In digging cellars, constructing roads,

and exploring trenches, such pieces are so common, that it has been thought that

they would pay for their collection by washing the earth. One mass of 1500

pounds weight was found in digging a cellar where there is no rock visible in place.

To obtain this transported mineral, Mr. Douglass conjectures to have been the

object which the ancients pursued in their gravel trenches, and at the same time,

that they selected from the water-worn boulders of the coarse drift such stones us

had the proper size and shape for mauls, to be used in the adjacent rock excava-

tions.

The earth from the trenches near the landing, on the slopes, was principally

thrown out over the lower side, forming embankments with an extreme height of

fifteen feet above the bottom of the ditch as it remains now after the lapse of

centuries.

Some of the ditches are fifty feet wide at the present time.

The beds of trap, constituting the mineral range, at this place, have a total

thickness of about a mile and a half, presenting the ends of the strata towards

the lake. To reach the rock excavation of the ancients, it is necessary to follow

a road from the landing up the mountain three-quarters of a mile to the north-

east. Here the copper bearing rocks protrude from the soil in ledges ; the

intervals where no rock is seen being covered to a slight depth with earth.

The veins of this part of the range have a direction different from those before

described on Point Keweenaw. They have run with the formation, and not at
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right angles to it, like those at the Cliff, Copper Kails, Northwest, and other neigh-

boring mines. The true lodes of the Quincy, Pewabic, Isle Royale, Portage, Huron,

and other companies adjacent to Portage Lake, are called ,w pa rallt Is," while those

further east belong to the system of "transverse" veins.

In the winter of 1854-5, after the land had been explored and worked ten years,

a line of depressions was discovered on the summit of the range that attracted

immediate attention. On this elevated -round the old operators had discovered

and worked a rich deposit of copper which was nowhere visible upon the surface.

The direction of the line of pits is northeast and southwest, corresponding with

the range.

The mines now in operation on this lode are among the richest of Lake Superior.

At first view the excavations appeared to be irregular, like those in the gravel at

the foot of the bluff's, but after clearing away the growing timber, they assumed an

allignment such as 1 have given on the map. There are also veins in the vicinity

that have a hearing different from the general course of the pits.

AYhen the cavities came to be opened, it was evident that a deposit of great

richness had been workfcd there in past times. Lumps of copper were found plen-

tifully in the bottom of the old works, and with them the usual evidences of ancient

mining. The pits are broad and deep, extending not far from half a mile.

Me Royale Location.—This is on the south side of Portage Lake. Here the

ground does not rise so high as on the north side, hut is equally abrupt. The first

escarpment on this side is rocky, its crest being reached by an ascent of 300 feet.

The mining companies which have penetrated the rocky strata to a depth of at

least 250 feet, are the Isle Royale, Portage, Huron, and Albion; all of them on the

same vein, and situated near the south-easterly edge of the mineral range. The
beds in which these companies have worked are, therefore, geologically, nearly a

mile lower than those of the Quincy and Pewabic, which are near the westerly or

north-westerly side of the range. It was, therefore, in different ground that the

ancients sought for copper on the southerly side of the lake.

After having attained the summit of the lake front on this shore, we find the

land nearly level for the distance of a mile, and the rocks covered with a shallow

depth of earth. On this plateau the ancients discovered a rich lode that did not

show itself on the surface.

In the autumn of 1851, Mr. Douglass informed me that there were indistinct

si^ns of old works, half a mile from the lake on the northwest quarter of Section

1, T. 53, R. 34, owned by the Isle Royale Mining ( lompany. At the request of the

directors of the company, a close reconnoissance of the ground was immediately

made by myself. It required some assistance of the imagination to conceive- that,

the slight and irregular depressions, which were dimly visible among the trees, were
the works of men. Applying a compass to such of them as could he seen at one

view, and carrying this line forward, it passed over or near the successive pits for a

distance of one-third of a mile. We then set men to work to cut down a cross

trench through one of them, and in a few hours reached the bottom. The vein

and its walls were distinctly visible, having been worked out to a depth often feet.
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but the space was filled with rubbish nearly to the surface. Further examination,

and cross trenching, disclosed the vein along a distance of three quarters of a mile,

iu places very broad, with a bearing coincident to that of the formation.

It has now been worked to a denth of 250 feet, producing copper iii rich masses,

over a space twenty feet in thickness. In these wide places or pockets the i

miners enlarged their pits to correspond, and carried their works to greater depths.

Charcoal, broken maids, and ashes are mixed with the black earth and rocky frag-

ments of the pits.

3d Group.

Minnesota Mine.—As I have before stated, it was upon this location that the exist-

ence of mines, long since wrought, on Lake Superior was first made known to us.

It is here, also, that the most extensive and interesting works of that kind are to be

found.

The Minnesota lodes have a direction like those at Portage Lake, and different

from those at Toint Keweenaw. The veins about the forks of the Ontonagon,

embracing a district of forty-five miles in* length, on the mineral range, from the

Douglass Houghton Mine, on the east, to the Akogebe Lake, on the west, run tcith

the range, and not across it. Their bearing is, therefore, north-easterly and south-

westerly, or about N. 54° East.

Fig. 9.

Minnesota Mine. Section across the Vein, looking from the easterly quarter. N. 30° W.—BB. Mineral vein

dipping north.—J .1. Wall rock of compact trap.—a. ". Left standing a part of the original surface support

to the hanging wall.— m. Mass of copper sustained by timbers.

—

b. Ancient burrow or spoil bank.—c c. Vein

matter embracing masses of copper n n.

On the Minnesota there is a group of veins nearly parallel among themselves,

tour in number, and on all these the ancients labored. The surface presents a cor-
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responding group of rude trenches, showing the position of the veins, for more than

two miles. The ground rises gradual!} to a height of 631 feet ahove the lake, but

on the south drops suddenly off into a deep valley. The Ontonagon Rivei cuts the

range two and a half miles wesl of the mine, being navigable for batteaux to the

Landing.

In the ahove section, across the main lode, 1 have grouped together several

remarkable objects, that were seen near each other, though not strictly in contact.

The descriptions and sketches are in part due to Mr. Knapp, partly to Messrs. Foster

and Whitney, and also to m\ personal examinations.

The vein Ii B has a variable thickness from one to nine feet, dipping northerly, at

an angle of about 60° with the horizon. This is somewhat steeper than the dip of

the strata, or wall rock, A A. On some of the veins, the excavations extend east-

ward, out of the Minnesota, into the grounds of the Rockland Mining Company,

when- tluv are very distinct. Being upon the southerly slope of the mountain, the

ditches have become very much filled up by washing from the surface. The greatesl

depth of the ancient excavation is thirty feet. At the place of the above section

the vein had been removed to a depth of twenty-six feet.

Not far below the apparent bottom of a trough-like cavity where shaft No. am is

aow situated, among a mass of leaves, sticks, and water^Mr. Knapp discovered a

detached mass of copper weighing nearly six tons. It lay upon a cob work of round

logs or skids six to eight inches in diameter, the ends of which showed plainly the

strokes of a small axe or cutting tool about 2* inches wide. These marks were

perfectlj distinct. A piece of this wood which I took from the mine in 18-49 proved

to be a species of oak, the only species known upon the range, and by some called

the Spanish oak. It shrunk on drying to about two-thirds of its size, cracking open

in deep gashes, and possessed little strength. Its appearance was that of water-

soaked timber not rotted, preserving its original form.

The mass of copper had been raised several feet along the foot wall of the lode.

on the timbers, by means of wedges. Its upper surface and edges were beaten and

pounded smooth, all the irregularities taken off, and around the outside a rim or lip

was formed, bending downwards. This work had apparently been done after the

miners had concluded to abandon the mass. Such copper as could he separated by

their tools was thus broken off. The beaten surface was smooth and polished, not

rough. Near it were found, as the excavation advanced, other masses. // //, imbedded

in the vein. After several years, this vein has been found by the modern miners

uncommonly rich and valuable for the size and number of its masses of copper.

Not far to the west of this spot a portion of the vein a a had been left like a

pillar as a support to the hanging wall, while they excavated beneath. It is cut or

bruised quite smooth, but shows no marks of other tools than the mauls. This

rocky support is about four feet in thickness, mid is high enough above the present

bottom of the trench to allow a person to pass under it. The marks of fire on the

mcks of the w alls are still evident. ( 'harcoal, ashes, and stone mauls are found in all

of the pits hitherto cleaned out. One of the heaviest mauls yet seen, weighing thirty-

six pounds, came from this location. It has ;i double groove, as shown in the annexed

figure, which is not usual, and it, was intended, no doubt, to be used by two men.
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Fig. 10.

Stone Maul, with double grooves.—Weigh! 36 lbs.

Minnesota Mine.

In one of the pits a rude ladder was found.

formed of an oak tree trimmed so as to leave

the stumps of the branches projecting, on

which men could readily descend or ascend

to or from their work. Wooden levers are

also found among the rubbish, preserved by

water, which covered them continually.

On the edge of the excavation in which

the mass m was found there stood an aged

hemlock, the roots of which extended across

the ditch. I counted the rings of annual

growth on its stump, and found them to be

two hundred and ninety. Mr. Knapp men-

tions another tree which had three hundred

and ninety-five. The fallen and decayed

trunks of trees of a previous generation

were seen lying across the pits. >
Near the place where the detached mass

in was found Mr. Hill discovered a tool of

which the following is a sketch, and near it

a copper maul or sledge1 weighing from

twenty to twenty-five pounds. Like all the

other implements found this maul had been

fashioned by pounding in a cold state.

Originally the mass appeared to have had

the shape of the letter T. the cross head at

the top being about an inch thick and two

or three inches broad, tapering towards each

end. These two prongs had been folded

over each other and beaten into a shape

rudely resembling a man's fist, but larger. This lump of copper had e\ idently been

battered either by pounding, to make it more compact, or by use as a maul. The

handle of the maul was eight or nine inches long.

Copper Chisel. Full size.—Length 7{

in.; breadth 1; in.; thickness
J

in. Minnesota Mine.

View i-.k-e

wise.
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The chisel above figured was somewhat bruised at the upper end, as though it

had been used. Towards the upper end the corners arc taken oft", apparently for

the purpose of being held in one hand, while it was struck by a mallet with the

other. It has a rough surface, common to these relies, but is symmetrical in form,

with a bevel at the cutting edge on both sides. None of the tools show signs of

having been ground to an edge on stone, but are beaten down roughly by hammers.

Artificial Caverns.—On the Aztec, Ohio, Adventure, and Ridge locations, in

addition to the pits which are so common along the range, there arc cavities in the

mural faces of trap at various elevations, which are ancient and belong to the old

copper works.

The bluffs are sometimes as high as three hundred feet above the valley. There

are also breaks or gaps in the range formed by dislocations of the strata or faults,

enlarged by the wearing action of the drift forces. The ends of different beds of

trap are thus presented to view, rising on either side of the gorges, with precipitous

fronts of different heights. One of the strata, and perhaps more than one, is

metalliferous, like the scoriaceous bed worked at Copper Falls and at Phoenix

Mines, on Point Keweenaw. At the Adventure the metal bearing stratum is very

thick and highly charged with copper, disseminated irregularly through it. The

ancients wrought upon it extensively, seeking with assiduity for the rich portions,

no matter how difficult of access. Some of their excavations on the side of the

bluff are scarcely large enough to shelter a bear. Others are more extensive,

formed in all conceivable shapes, extending wherever indications of minerals were

apparent. The agents of the Adventure Mine have followed the example of their

predecessors, but on a larger scale, pursuing the strings and bunches of copper in

all directions, till the) disappear. When the mineral fails, like the ancients they

strike off at random, and seldom proceed far without encountering other lumps or

si null masses.

Hitherto the true veins near the copper bearing stratum have not proved profit-

able. The ancients, exercising their usual skill, expended very little labor upon

them. The) showed in this very considerable knowledge respecting the different

systems of veins, and also in regard to those anomalous deposits in which the caves

are situated.

Forest Mine, Evergreen Bluffs.—On the ground known by the name of the Ever-

green Bluffs ancient pits have been opened southeasterly of the Minnesota works.

Some prominent ones have recently (1855) been cleared out on the "Johnson

preemption," which disclosed in a few days several tons of copper. Masses had

been partly uncovered in the vein, as at the Central Mine, and thus left. On the

Nebraska location and on the Rockland, the old excavations are numerous, and
wherever they are reopened valuable lodes are exposed. They are not wanting on

the wesl of the river. At the forest Mine the present works were commenced
upon the site of earlier and ancient operations. A wooden bowl was found near

the bottom of one of them, that had been used for baling. Doubtless many others

in the vicinity of the Ontonagon exist that are nol yel discovered.
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Fig. 12.

Sectiou on a h, full size.
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Fig. 13.

Copper Gad, full size.

Minnesota Mine.

Fig. 14.

Section on c </, full size.
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Spear Head.—Half size. 14 inches

long. Ontonagon. From draw-
ings of John F. Mullowney,
Esq., Surveyor.

Onrsi-r,.—Half size. 13 inches

long. Ontonagon.
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Copper Implements, Ontonagon.—Some laborers in the employ of Mr. Greenfield

w< re levelling the ground for a brick yard on the east bank of the Ontonagon River,

half a mile above the village, in the year L854, when they perceived some pieces

of copper, which were well fashioned implements. They are said to have been

found upon a bed of clay in a ravine, and covered about two feet with alluvial

earth, a large cedar tree growing nearly over the spot. They consist of two imple-

ments, which may he described as spear or javelin heads, though more probably

designed as miners' tools; and two cutting instruments that may properly be called

chisels, as shown in the annexed sketches. These show the form and size better

than any written description. The socket of the spear is small, and not of the best

shape to give a good fastening to a start, which may perhaps favor the idea that it

was a weapon for the use of one hand, like a dirk. The blade is symmetrical and

strong; it apparently had not been much bruised or injured by use. If it was to

be thrown like a javelin, the stock or staff must have been fitted on around the

shank and driven down over the blade some distance, to make the wooden attach-

ment proportionally strong with the metal part.

The chisel also had not been used, since neither the cutting edge nor the head

is battered. It is bent up longitudinally from near each end in the manner

shown by the cross section in c d. The object in giving it this form must have

been to stiffen it and thus save metal. This contrivance speaks well for the inge-

nuity of the maker. Those instruments have better proportions than similar ones

found in Ohio. They were probably fresh from the hands of the workman when

they were lost upon the banks of the river. Although I have myself examined

these implements, I am indebted to Messrs. Emerson, Coburn, and Mullownoy for

facts respecting them. Both are represented to be more hard and less malleable

than the native copper of the mines, from which it has been inferred that they have

undergone a hardening process. Like those found at Marquette and elsewhere, I

suppose the hardness is duo only to prolonged hammering, by which the density is

increased. The copper of the ancient inhabitants of Europe was hardened by

alloying it witli tin.

Copper Implements, Carp River. (Not on the Map.)—In August. 1854, while

workmen were engaged for Mr. John Burt in making a dam across the Carp

River near Marquette, signs of copper were discovered in gravel. They were

wheeling earth from the banks of the stream, and did not at first preserve the

remains that were visible in the form of spots of green carbonate, which on exam-

ination presented a core of unoxidized metal. Mr. Burt states that there were

numerous thin chips of copper not entirely decayed, which appeared to have been

cut from a piece of native metal by a sharp and thin tool. Then- was also foiuid a

rude copper knife, the shank two and a half inches, and the blade four and a half

in length, making seven inches. The blade resembles in shape a short butcher

knife very much worn. It has spots of native silver imbedded in it like those

frequently seen in Lake Superior specimens of copper.

Another tool resembles a bodkin, with a socket for the insertion of a wooden
handle. There were also arrow or spear heads of copper, which were probably

made upon the spot. These relies were lying upon a bed of water-washed gravel,
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Fig. 15.

Fig. 1G.

which Mr. Burl conjectures once formed (lie bed of the river, but the channel of
this time is ten feet lower. Soil had accumulated over the tools to a depth of two
loot, and on it wore pine tiros, considered to be al least one hundred years of age.
The knife was harder than (he chips, and

does not bend so easily. This hardness is

probably due to the process of hammering
which the mass underwent while it was in a

cold state, and not to am tempering, If the

bodkin-like implement had not been of this

parcel the others mighl have been referred

to the present race of Indians. They pos-

sessed knives and other implements made
of copper when the French came among
them, but these were very rude, Mr.

Baily, of Eagle Harbor, has one which
resembles somewhat the semilunar knife

used by saddlers. There is a notch in the

middle by which to attach a handle. Mr.
B. thinks it was used in dressing and work-
ing skins. It was found in the gravel within

the pickets at Fort Wilkins, Copper Harbor.

Near the mouth of Carp River there are

remains of cabins, placed in a row like the

houses of a village. This is shown by a

line of heaps of stone and clay, like the

remains of chimneys, and connected with

them slight ridges of clay, resembling the

low embankments around a lo<r building

after the timber has decayed. They may
have been formed of clay which was used

to daub the chinks. A forest of ancient

growth covered these ruins. Although I

know of no historical evidence illustrating

the point, I should hesitate to give them a

greater antiquity than the early French ad-

venturers. It is about two hundred years

since the Jesuits established themselves on

Lake Superior. Traders may have preced< d

them thirty years, and constructed cabins at

places not mentioned by the Jesuits.

I have seen the ruins of buildings on the

west fork of the Ontonagon, near the old

Copper Rock, the history of which has

reached us, and which were erected in 1769. In 1845, eighty-four years afterwards,
all the logs except such as were of cedar, had disappeared. Near a cabin which

8
Pointed Tool with a

Socket.—Full size.

Carp River.

Rcde Coppun Knife.—Full size.

Carp River. 1, 2. Spots of silver.
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was used for a blacksmith shop, the outlines of a forge were quite distinct, with

cinders, charcoal, and pieces of rusty iron lying upon it. There were also several

pounds of corroded steel and brass, mostly the locks and guards of muskets, and

CorrEE Instrument.—Full size. Fort Wilkins.

Section through a b.

one gun barrel. On the forgo a pine tree had established itself, which we cut

down, and counted upon the stump sixty-one layers of annual growth.

In regard to the implements found at the mill on Carp River, I incline to the

belief that they are not as ancient as the old mines. Mr. Henry, who has furnished

us the account of the explorations just referred to on the Ontonagon River, and on

the north shore, made by the English soon after the Treaty of Faris, says that the

Indians beat out pieces of copper into bracelets and spoons. None of their imple-

ments are shown to have been so difficult to form as the chisels and spear-heads,

which are found in the old pits. These required a state of mechanical skill appa-

rently above the reach of Indians.

Mr. Burt has also furnished the following sketch of a copper honk found by

himself in the excavation of the St. Mary's Canal.

Fig. IS.

Y
a

Copter Hook.—Full size, a a. Flaws in the metal. Sault St. Mary's.

It has the usual flaws which cold wrought articles exhibit, and doubtless belongs

to the class of recently made implements.
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On the Canada shore of the St. Man's River, a! Garden River, twelve miles
below the Sault, an implemenl was discovered in the soil by a half-breed and pre-

sented to Mr. Burt. The horizontal and side views are sufficiently shown in the

Pig. 19.

Outline ok a Copper Tool. Full size. Garden River, Canada.—a. The head.—4. The edge.— c c. Flaws in the

metal.

Longitudinal section.

Fig. 20.

Copper Speah-hkau. Full size. Downward view.— e. Hole iu back of shank. Oak Orchard. Oconto County.

Wisconsin.

Si.le view.

Section of blade through c d. Section of shank tlirou

sketch to indicate its use. which was thai of a cutting instrument like a chisel

Its bruised head shows the effect of blows from a mallet of wood or stone.
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\ rude knife and spear-head of copper were recentlj picked up by Mr. AA illiam

Windross, a< Oak Orchard, Oconto County, Wisconsin, on the western shore of

Green Bay. They are in the possession of Lyman C. Draper, Esq., of Madison,

Wisconsin, to whom they were presented by the Hon. C. D. Robinson, of Green

Copper Kniff. Natural size.

—

tee. Flaws.

Section ol blade from a to 6.

Bay. The spear or arrow-head differs from those of Lake Superior principally in

the state of finish, and in having a hole e in the shank to fasten it to a handle or

shaft Both these specimens are roughly forged and apparently ground to a blunt

edge. They are, with little doubt, recent, the work of some half-breed or French-

man.

By whom were the ancient mines wrought?— 1 have already given reasons going to

show that it. was not the present Indian race by whom these mines were worked.

\s yet no remains of cities, graves, domicils, or highways have been found in the

copper region. As the race appears to have been farther advanced in civilization

than their successors, whom we call the aborigines, the) probably had better means

of transportation than the hark canoe. They might thus carry provisions a great

distance by water. Their mine-works are open cuts exposed to the day, which in

the winter in this country, where snow lies from three to five feet in depth, could

not he occupied comfortably without shelter. No remains of such coverings have

been discovered, nor is it probable that any traces of such should now Ik- recover

able. On tin- upland the thermometer descends to minus 38°. This would not

render these trenches absolutely untenable, but would present great difficulties in

working them. Even in modern shafts and galleries, that are closed by self-shutting

doors, frost penetrates to a depth of twenty and thirty fathoms. It is frequently

necessary to put sto\es in the upper levels in order to prevent their being tilled with

ice. It would therefore be barely possible, by no means profitable, to work in open

trenches during winter. The miners could readily bring with them in the spring

supplies for three months, and before these were exhausted the same craft might
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return for additional supplies. After spending the months of summer, the miners

could return to their homes for winter, carrying with them the mineral obtained
during the season.

In relation to their dead, it, ma}' have been a custom, perhaps a part of their

religion, to restore the bodies to their friends. If the number of operators was not
great, and the mortality was no greater than it is now, this would not have been a

great burden. In cast- there were no women and children the proportional number
of deaths would be less than at present. It is now, for the season of navigation,

not far from five in 1000, including females and children, and including also those

killed by accident.

All the ancient excavations hitherto examined could have been made, with our

means of working, at less expense than has been incurred during the last ten years.

But we -must allow much for the imperfect modes of operating, and thus increase

the number of men required to do the same work; we must also, on the other hand,

conclude that the old mines were wrought a great length of time, and infer that a

less mining force was kept up than we have in our times.

In the prosecution of mining in this remote region, not only would the deaths

be few, but among them such distinguished persons as were entitled to sepulchral

mounds or monuments would not be found in great numbers. The absence of arti-

ficial mounds, therefore, need not excite surprise.

The Mound Builders consumed large quantities of copper. Axes, adzes, chisels,

and ornamental rings are so common among the relics in Ohio as to leave no doubt

on this subject. We know of no copper bearing veins so accessible as those of

Lake Superior to a people residing on the waters of the Ohio. Neither are there

any others now known that produce native metal in quantities to serve as an article

of commerce. Specimens of pure copper are found in other mines of North America,

but not as a predominant, part of the lode. The implements and ornaments found in

the mounds are made of metal that has not been melted. They have been brought

into shape cold wrought, or at least without heat enough to liquefy the metal, and
were therefore produced from native copper. In the Lake Superior veins spots of

native silver are frequently seen studding the surface of the copper, united or welded

to it, but not alloyed with it. This is not known of any other mines, and seems to

mark a Lake Superior specimen wherever it is found. It also proves conclusively

that such pieces have not undergone fusion, for then the pure white spots would

disappear, forming a weak alloy. Copper with blotches of native silver has been

taken from the mounds. Dr. John Locke, of Cincinnati, possessed a flattened

piece of copper weighing several pounds, which was found in the earthworks at

Colerain, Hamilton County, Ohio, having a spot of silver as large as a pea forming

a part of the mass.

At the first view of the logs which supported the mass m of the Minnesota vein,

the marks of the tool by which they were cut brought to mind the old copper axes

I had seen in Ohio, figured by Mr. Squier. The cut was about an inch and three-

tenths wide, not smooth like that of a perfectly sharp edge, and not deep enough

for a modern axe or hatchet. No such axes have been found on Lake Superior.

Those of Ohio may have been used as a chisel, although Mr. Squier thinks a
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handle was attached to them. The difference between the axe and chisel is

principally in the taper of the axe towards the head. No groove or eye has been

noticed b) which to inseri a handle, but the Peruvians had means of fastening a

handle to a similar instrument without either. There are also chisel-like tools from

the Ohio mounds almost identical with those T have already figured. James

McBride, Esq., of Hamilton. Butler County. Ohio, has in his possession four of

them, found in is.").") near that place, that may be regarded either as chisels, axes,

or adzes.

Eow much time has passed since these mines were wrought, or since the\ were

abandoned, is a question of great interest. 'The timber found in some of the ancient

mines is in a better state of preservation than that of the Ohio mounds; but it does

not follow that it is more recent. Mosl of the pieces exhumed were covered by

water, or wet earth. In a northern climate the decay of wood is slower than in

warmer regions. The timber itself is mostly resinous, which assists in its preserva-

tion. The wooden cobwork that remains in the Ohio tumuli, hitherto examined,

always lies above water, and the loamy earth in which it was buried does not wholly

exclude the atmosphere.

In the Grave Creek mound the timber was very much decayed, but the chambers

inclosing the skeletons were elevated above the natural surface, and the surrounding

earth was dry. These circumstances being considered, it does not follow that the

wood work of the mounds is the most ancient because it is the most decayed.

The living trees now standing, with their roots entwined among the mauls, skids,

and shovels of the old miners, are reliable witnesses as to the least space of time

since the mines were abandoned. The age of suck trees varies from 300 to 350

years. Beneath the shade of these patriarchs of the forest are the prostrate and

rotten trunks of a preceding generation.

General Harrison, in a discourse before the Historical Society of Ohio, adds

another score to the tally of ages that have passed since the earthworks were

evacuated. When ground that has been cleared of its timber is abandoned, the

second growth differs from the first in kind. It is not until several generations of

trees have disappeared, that such places produce the varieties which constituted the

orieinal forest. The same thins: is observed on Poinl Keweenaw; where a sweep-

in"- tire has consumed or deadened the resinous trees of the mountains, the firsl

succeeding growth is that of birch and aspen.

In process of time, however, the balsam, cedar, pine, and hemlock, resume their

ancient domain, overshadowing and obscuring the deciduous trees. On the ancient

burrows, and in tin- old pits of Lake Superior, the same kinds of timber flourish

now as are observed in the surrounding forest. These works could not have been

carried on without destroying the growth of timber of that day. Before the pines,

and oilier evergreens that now occupy these places, overcame the birch and aspen

tree-, one or two generations must have passed away.

Is it going too far. on the strength of this evidence, to place the abandonment of

the mines at a distance of 500 to 600 years from our times!

There may have been inhabitants covering large territories for long periods who

have disappeared withoul leaving an\ monumental evidence- of their occupation.
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If the North American Indians had been destroyed In a general pestilence before
Pamphilo de Narvaez landed in Florida, what traces of them should we ho able to

lind! They have left no distinctive marks of their existence impressed upon the
soil. Some faint signs of cultivation in the shape of little hillocks or hills of corn,
not entirely obliterated as yet, are the sole vestiges of centuries. But avoiding all

mere conjectural speculations, the following conclusions may be drawn with reason-
able certainty:

—

An ancient people extracted copper from the veins of Lake Superior of whom
history gives no account.

They did it in a rude way, by means of fire and the use- of copper wedges or

gads, and by stone mauls.

They had only the simplest mechanical contrivances, and consequently pene-

trated the earth but a short distance. 1

They do not appear to have acquired any skill in the art of metallurgy or of
cutting masses of copper.

For cutting tools they had chisels, and probably adzes or axes of copper. These
tools are of pure copper, and hardened only by condensation or beating when cold.

They sought chiefly for small masses and lumps, and not for large masses.

No sepulchral mounds, defences, domicils, roads or canals are known to have been
made by them. No evidences have been discovered of the cidtivation of the soil.

They had weapons of defence or of the chase, such as darts, spears, and daggers
of copper.

They must have been numerous, industrious, and persevering, and have occupied
the country a long time.

Eagle River, May 1, 185fi.

• Their deepest works are about the same as that of the old tin mines of Cornwall, which were
wrought before the conquest of Britain by the Romans.
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INVESTIGATION

SOLAR-DIURNAL VARIATION OF THE MAGNETIC DECLINATION,

AND ITS ANNUAL INEQUALITY.

Having discussed, in Part I, the eleven-year period in the amplitude of the

solar-diurnal variation, as well as in the disturbances of the magnetic declination,

I now proceed to the analysis of the annual inequality of the sohu--diurnal

variation.

To obviate the difficulty which would occur in cases of months of unusal dis-

turbance, if the crude observations were used, the normals or means freed from the

disturbances have been employed in the discussion. This mode of proceeding not

only obviates the necessity for rejecting the observations of particular months, but

brings out the most consistent results which the observations can furnish, for both

diurnal and annual variation. It is the course adopted by General Sabine in the

third volume of his discussion of the Toronto observations. 1

Returning, then, to the hourly normals, they are rearranged in the tables which
follow, according to the different months of the year. The normals for 1840 are

corrected for the index error by the addition of 93.3 scale divisions. All correc-

tions for referring the partial monthly readings to the annual mean are, of course,

omitted.

1 Tabic LXVI, of this volume, exhibits the solar-diurnal variation of the declination after the separa-

tion and omission of the larger disturbances; whereas Table VII, of the preceding volume, similar in

form, differs from the latter, being derived from all the observation including the disturbances.
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Hot i:i v Declination. Normals for Augi st.

Observations 19} minutes later than indicated. One division of scale = 0'.453.
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Recapitulation.—Monthly Declination-Normals for eacii Hour of tue Day, and for the



10 AMPLITUDE OF THE SOLAR-DIURNAL VARIATION

Table of the Solar Diurnal Variation of the Magnetic Declination for each Month of
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(A).

—

Mean Solar-Diurnal Variation op the Declination for Summer, Winter, and the whole Yeah.
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The second diagram (B) exhibits the same phenomenon in a different way; the
yearly curve of the first diagram being straightened out and forming the axis of
the second diagram, which thus shows the deviations from the annual mean value
for the two seasons when the sun has north and south declination. The ordinates
are obtained by subtracting the annual mean from either the summer or winter
mean in the preceding table. This diagram exhibits, in quite a characteristic

manner, the course of the annual variation at the different hours of the day at

(B).

—

Semi-Annual Irregularities op the Solar-Diurnal Variation of the Declination.

2'

West

1*- 123456789 10 11 N'n 13 14 15 16 17 18 19 20 21 22 23 24h-

Philadelphia mean time.
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the season for which the diagram is constructed. Thus, at the hour of 6 or 7 in

the morning, the annual variation is a maximum, disappearing at a quarter before

10 A. M., and reaching a second (secondary) maximum value at 1 P. M. It

almost disappears soon after 5 P. M., and a third still smaller maximum is reached

after 9 P. M. Half an hour before midnight, the annual variation again disap-

pears. At (and before and after) the principal maximum, between 6 and 7 in the

morning, the annual variation causes the north end of the magnet to be deflected

to the east in summer and to the west in winter; at 1 P. M., the deflections are to

the west in summer and to the east in winter. The range of the diurnal motion

is thus increased in summer and diminished in winter; the magnet being deflected

in summer more to the east in the morning hours, and more to the west in the

afternoon hours, or having greater elongations than it would have if the sun moved

in the equator. In winter, the converse is the case. The range of the annual

variation from summer to winter is about 3'.0, and its daily range about 2'. 6 at

Philadelphia.

(C). Comparative Diagram op the Semi-Annual Deflection of the Solar-Diurnal Variation.

i
north

1 south
of the equator {=}

9 Noon 15

Mean local time.

9 Noon 15

Mean local time.

The next diagram (C) has been projected in order to illustrate the semi-annual

inequality of the diurnal variation at four principal magnetic stations.
1 The

general features of the Philadelphia curve most nearly resemble those exhibited

in the St. Helena curve ; and, relatively, the Toronto and Hobarton curves appear

to represent rather extreme than normal shapes. The Philadelphia and St. Helena

' The annual variation of the diurnal motion has been made the subject of a particular discussion by

General Sabine, in papers presented to the British Association and the Royal Society. See Reports of

the British Association, 1854, pp. 355-368, and Transactions of Royal Society, May 18, 1854, pp.

67-82; also, article XXVIII, Philosophical Transactions, 1851.
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curves have another feature in common : the amplitude at its maximum value,

shortly after 6 A.M., is less than the amplitude at Toronto and Hobarton ; and,

upon the whole, the Philadelphia type confirms the idea that all forms partake of

the same general character, more or less affected by incidental irregularities.

In reference to the annual variation, General Sabine, in the "rectifications and

additions" to the last volume of Humboldt's Cosmos, expresses himself as follows:

"Thus, in each hemisphere, the semi-annual deflections concur with those of the

mean annual variation for half the year, and consequently augment them, and oppose

and diminish them in the other half. At the magnetic equator, there is no mean
diurnal variation, but in each half year the alternate phases of the sun's annual in-

equality constitutes a diurnal variation, of which the range in each da}' is about 3'

or 4', taking place every day in the year except about the equinoxes ; the march of

this diurnal variation being from east in the forenoon to west in the afternoon,

when the sun has north declination, and the reverse when south declination."

According to the same authority, the annual variation is the same in both hemi-

spheres, the north end of the magnet being deflected to the east in the forenoon,

the sun having north declination; when in the diurnal variation, the north end of

the magnet at that time of the day is deflected to the east in the northern hemi-

sphere and to the west in the southern hemisphere. In other words, in regard to

direction, the law of the annual variation is the same, and that of the diurnal

variation the opposite, in passing from the northern to the southern magnetic

hemisphere.

I next proceed to consider more in detail the annual variation at the hours of

6 and 7 in the morning and of 1 and 2 in the afternoon, these being the hours of

the principal and secondary maxima respectively. By subtracting the annual

mean from each monthly value at the respective hours, we obtain from the preced-

ing general table the following columns :

—

Annual Variation at the Hours op the Principal and Secondary Maxima of Range.

t \ indicates j
wes

,

t
j deflection from the mean annual position.

6h ' A. M. 7h - A. M. Mean.

January .

February .

March .

April . .

May . .

June
July . .

August
September
October .

November
December

+2'. 15

+ 1.38

+0.75
—0.52
—1.32
—2.03
—1.72
—2.31
—1.14
+1.52
+1.28
+1.99

+l'.8ti

+1.25
+0.19
+0.82
—1.43
—1.78
—2.16
—3.00
—1.34
+1.30
+1.66
+2.60

+2'.01
+1.31
+0.47
+0.15
—1.38
—1.90
—1.94
—2.66
—1.24
+1.41
+1.47
+2.30

Maximum range at the above hours,

5'.0 ; the easterly deflection being greater

by 0'.4 than the westerly.

1&- p. M. 2h. Mean.

—1'.20

—1.09
—0.19
+0.88
+0.92
+0.84
+1.21
+1.39
+1.24
—1.24
—1.31
—1.43

— 0'.76

—1.15
—0.75
+1.25
+0.94
+0.93
+1.30
+1.23
+0.40
—1.05
—1.40
—0.96

-ii-.ns

—1.12
—0.47
+1.06
+0.93
+0.S9
+1.25
+1.31
+0.82
—1.14
—1.35
—1.20

Range at the hours 1 and 2 P. M., 2'.7
;

the eastern and western deflections being

equal.

A general inspection of the above columns containing the mean values shows

that, approximately, the solstices are the turning epochs of this annual variation,
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the signs changing at the time of the equinoxes. To ascertain how nearly this is

true, :iik1 in order to obtain a more precise expression, the means of the two columns

(after changing the signs in tin- second) for each month respectively, were put into

an analytical form, using Bessel's well-known formula for periodic functions

—

Aa = +U.78 sin (e + 90°) + 0'.32 sin (28 + 180°)

;

or, a„ = -f 1'.18 cos e— 0'.32 sin 2e

the angle 9 counting from January 1st.

The maximum values will occur on the first of January and the first of July;

and the transition from a positive to a negative value, and the reverse, will take

place on the first of April and the first of October, the equation 1.78 cos — 0.32

sin 2 0, bring only satisfied for 6 = 90° and 270°. That the angles C, and C2

should be exactly 90° and 180° is remarkable. The monthly values are satisfied

as follows:

—

Middle of By observation. By calculation.

January + 1'.50 +1'.56

February +L22 +0.94

March +0.47 +0.30

April —0.4G —0.30

May —1-16 —0.94

June —L40 —1.56

July —1.59 —1.56

August —2.00 —0.94

September —1.03 —0.30

October ... ... +1.28 +0.30

November +1-41 +0-94

December +1.T6 +1.56

The regular progression of the monthly values is a feature of the annual varia-

tion deserving particular notice. There is no sudden transition from the positive

to the negative side, or vice rersd, at or near the time of the equinoxes (certainly

not at the vernal equinox); on the contrary, the annual variation seems to be

regular in its progressive changes. The method here pursued is entirely different

from that employed by General Sabine for the same end, but the results are, never-

theless, in close accordance. He remarks (in the British Association report above

cited): "When a mean is taken corresponding to the 10th or 11th day after the

equinox, the transition from the character of the preceding six months has already

commenced and advanced very far towards its completion, and, by the middle of

October, is quite complete ; apparently, the progress of the change is somewhat

more tardy in the March than in the September equinox." From the above an-

alysis, we have found that the transition took place ten days after either equinox,

and also that the turning points occur ten days after the solstices.

For the more precise determination of the law of the phenomenon, and in order to

render the results of similar investigations comparable with one another, the regular

solar-diurnal variation is now to be expressed as a function of the time. The pre-

ceding tabular values, given in minutes of arc, when treated as required by Bessel's
1

periodic function, furnish the following expressions for each month of the year:

—

1 For another development of the formula, see Rev. Dr. H. Lloyd, "On the Mean Results of Obser-

vations," Transaction? Royal Irish Academy, 1S4«, Vol. XXTT, Part T. Dublin, 1«49.



OF THE MAGNETIC DECLINATION. 15

Fur January, Xi = + 1'.423 sin (15 n + 225° 0!)') + F.491 sin (30 n + 16° 38')

+0'.579 sin (45 n + 220° 23') + 0'.548 sin (60 n + 53° . .
)

For February, Ad = + 1'.469 sin (15 n + 211° 09') + F.456 sin (30 n + 20° 50')

+ 0'.4T2 sin (45 n + 231° 59') -f C.352 sin (60 « + 60° . . )

For March, Ad = +2'.09S sin (15 « + 206° 46') + 1'.827 sin (30 n + 26° 34')

+ 0'.693 sin (45 n + 230° 10') + 0'.413 sin (60 n + 84° . . )

For April, a,* = +2'.906 sin (15 n + 213° 21') + 2'.001 sin (30 n + 34° 01')

+ 0'.926 sin (45 « -f 223° 2'.)') + 0'.245 sin (60 /! -f 80° . . )

For May, A rf = + 2'.746 sin (15 n + 210° 38') -f 2'.37Y sin (30 n + 45° 50')

+ 0'.970 sin (45 n + 251° 57') + O'.IOO sin (60 n +161° .. )

For June, a,, = +2'.883 sin (15 n + 204° 09') + 2'.438 sin (30 w + 14° 15')

+ 0'.94l sin (45 n + 254° 03') + 0'.216 sir! (60 h +114° . . )

For July, a,; = +3'.310 sin (15 n + 204° 19') + 2'.465 sin (30 n + 38° 48')

+ 1'.047 sin (45 n + 251° 38') + 0'.092 sin (60 n +176° . .
)

For August, a,, = +3'. 161 sin (15 n + 211° 37') + 2'. 849 sin (30 n + 52° 16')

+ 1'.375 sin (45 n + 265° 49') + 0'.201 sin (60 ra + 51° . . )

. For September, Arf = +2'.706 sin (15 n + 220° 05') -f 2'.372 sin (30 n + 55° 54')

+1M26 sin (45 n + 261° 14') + 0'.414 «i» (60n+115° ..
)

For October, a (( = +1'.271 sin (15 n + 226° 29') + 1'.325 sin (30n + 33° 12')

+ 0'.727 sin (45 n + 230° 52') + 0'.150 sin (60 n + 47° . . )

For November, Arf = +1'.259 sin (15 n + 229° 06') + 1'.257 sin (30 n + 39° 15')

+ C.390 sin (45 n + 236° 30') + 0'.242 sin (60 n + 87° . . )

For December, Ad = +1'.212 sin (15 n + 231° 46') + 1'.321 sin (30 n + 23° 34')

+ C.367 sin (45 n + 205° 46') + 0'.418 sin (60 n + 32° . . )

In like manner, we obtain for the summer half-year (from April to September

inclusive), for the winter half-year (from October to March inclusive), and for the

whole year, the following expressions for the diurnal variation:

—

For summer half-year, Ad = +2'.936 sin (15 n + 210° 36') + 2'.404 sin (30 n + 46° 07')

-f 1'.031 sin (45 n+ 253° 37') + OM78 sin (60 n + 132° 20')

For winter half-year, Ad = + 1'.420 sin (15 n + 220° 41') + F.399 sin (30 n + 26° 39')

+ C.520 sin (45 n + 227° 26') + 0'.310 sin (60 n + 61° 17')

For the whole year,' A<i = +2'. 167 sin (15 n + 213° 55') -f 1'.875 sin (30 n + 38° 52')

+ 0'.759 sin (45 n + 244° 40') + 0'.198 sin (60 n -f 83° 05')

1 For the purpose of showing the correspondence when the above equation is deduced independently,

from the observations at the even and odd hours, I add here the values for the two cases:

—

From even hours, Ad = +2'.170 sin (15 n + 213° 27') + l'.88S sin (30n + 38° 59')

+C.729 sin (45 n + 244° 57') + 0US3 sin (60 n + 83° 26')

From odd hours, Ad = +2M59 sin (15 n + 215° 19') + 1'.835 sin (30 n -f 38° 31')

+C.848 sin (45 n + 243° 49') + 0'.242 sin (60 n + 82° 01')

The relative weights of the results by the even hours and the odd hours are as 3 : 1.

If, for the purpose of comparison with the previous results in Part I of this discussion, and with

other similar expressions, we change the angles Cv Ca , C3 , Cv by 180°, which is equivalent to an easterly

deviation from the mean for positive results and to a westerly deviation for negative results, we find

—

For Philadelphia, Ad = +2M67 gin ( 6 + 33° 55') + 1'.875 sin (28 + 218° 52')

+0'.759 sin (3 8 + 64° 40') + OM98 sin (48 -f 263° 05')

For Dublin, Ad = +3'.519 sin ( 8 + 64° 18') + 2'.127 sin (2 8 + 225° 22')

+0'.«8S sin (3 8 + 70° 40') + C.322 sin (4 8 + 242° 27')

This latter expression is copied from the Rev. H. Lloj'd's discussion of the Dublin observations iu

1840-'43.

For a comparison of the monthly equations, the reader may also consult similar expressions obtained
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In determining the least square coefficients in these equations, allowance has

been made for the different weights due to the readings at the even and odd hours.

6 is reckoned from midnight at the rate of 15° an hour. To compare the numerical

quantities of the angles Cu C„, C3 , C4 , in the general expression

—

Ad = B, sin [6 + Ci) + B2 sin (20 + C2) + B3 sin (30 + C3) + Bt sin (40 + Q,
with the same quantities in the formula of the diurnal variation (pp. 8 and 9 of

Part I), 180° must first be added or subtracted from each angle given there; since,

in the discussion of Part I, increasing numbers correspond to a decrease of western

declination, the scale being thus graduated, whereas, in the present case, increasing

positive numbers correspond to an increase of western declination, as stated above.

The following table exhibits the close correspondence of the computed and ob-

. served mean annual value of the regular solar-diurnal variation :

—

Philadelphia
ima n time.
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Regular Solar-Diurnal Variation of the Magnetic Declination, Summer half Year.
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Regular Solar-Diurnal Variation of the Magnetic Declination, Winter half Year.
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Type-Curves of the Regular Solar-Diurnal Variation of TnE Declination.
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Year
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In the above table + signifies westerly and — easterly deflection ; it may be

compared with similar tables constructed for Toronto, 1 Dublin,2 and Prague. 3
It

will be observed that the preceding table, which gives the observed variation, refers

to an epoch l'JI minutes later than the exact local hour (that is, to an exact

Gottingen hour), whereas the computed table refers to the exact Philadelphia hours.

From the computed tabular values, aided by the diagrams, we can now deduce

some of the general features of the diurnal variation and its annual inequality.

The general character of the diurnal motion (see type-curves) is nearly the same

throughout the year; the most eastern deflection is reached a quarter before 8

o'clock in the morning (about a quarter of an hour earlier in summer, and half an

hour later in winter) ; near this hour the declination is a minimum ; the north

end of the magnet then begins to move westward, and reaches its western elonga-

tion about a quarter after one o'clock in the afternoon (a few minutes earlier in

summer). At this time the declination attains its maximum value. The diurnal

curve presents but a single wave, slightly interrupted by a deviation occurring

during the hours near midnight (from about 10 P. M. to 1 A. M.), when the

magnet has a direct or westerly motion; shortly after 1 A. M. the magnet again

assumes a retrograde motion, and completes the cycle by arriving at its eastern

elongation shortly before 8 o'clock in the morning. This nocturnal deflection is

well-marked in winter, vanishes in the summer months, and is hardly perceptible

in the annual curve. According to the investigations of General Sabine, it is

probable that, if we had the means of entirely obliterating the effect of disturb-

ances, this small oscillation would almost disappear. In summer, when it has no

existence, the magnet remains nearly stationary between the hours of 8 P. M. and

3 A. M., a feature which is also shown by the annual type-curve.

The two preceding plates show a close general resemblance in the diurnal curves

for the six months when the sun has north declination, and a similar resemblance

in the other six months when it has south declination.

The analytical expressions give the epoch and amount of variation with greater

precision. The hours of minimum and maximum deflection are obtained from the

equation
( = o; and the hours of the mean declination, when the curves cross

1
</ n

the axis of abscissae, from the condition A d = o. The following table contains

these results for each month and the two principal seasons of the year, also the

critical interval between the two adjacent hours of the mean position'.

1 Vol. III., Tabic LXVI; compare also with Table VII. of Vol. II.

- Trans. Royal Irish Academy, Vol. XXII., Part I., Table III.

Academy of Science at Vienna, Vol. VIII. of .Math. Section, Table II.
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the diurnal minima and maxima, the former represented by a valley, the latter by

a ridge in the magnetic surface.

The magnitude of the diurnal range is next to be considered.

Diagram showing the Deflection (in minutes op arc) op the Noeth end of the Mac.net from its Monthly Normal

Position for every hour of the day and month of the year, derived from the Declinometer Observations

at Philadelphia between 1840 and 1S45.
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The following table contains the amount of the deflection at the eastern and

western elongations and the diurnal amplitude of the declination for each month

of the year, derived from the preceding equations:

—
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and for the whole year 7'.89; all corresponding to an epoch removed about one

year and a half from the epoch of a minimum of the solar period.

The numbers expressing the diurnal range exhibit three remarkable features,

viz., the maximum value in the month of August, the sudden falling off in the

months of September and October (see the graphical representation), and the

Diurnal Range of the Declination.

"a 5^
en 2.< 3

e^ **

CO O

minimum value in November or December. Otherwise the progression is regular;

the curve is single-crested, a feature equally true for the eastern as well as for the

western deflection when viewed separately. This latter circumstance is of special

importance, since it is probable that it is mostly by the interference of these two

separate curves that we observe at. other stations the curve of the diurnal range

at some stations apparently.to be a double-crested one. The curves for Milan, Munich,

Giittingen, Brussels, Greenwich, Dublin, etc., for instance, exhibit two maxima,

one after the vernal equinox, and a second, generally the smaller one, about the

summer solstice, with more or less regularity. The system to which Philadelphia

belongs is exemplified by the annual curve of the diurnal range at Prague and at

some Russian stations, especially at Nertschinsk, but principally at Toronto, for

which last station the curve is shown in the diagram. Neither station appears to

have a tendency to a secondary maximum about the month of April, leaving the

maximum about a month and a half after the summer solstice, a well-marked North

American feature.

Annual Variation of the Declination.—In connection with the preceding discussion

the annual inequality in the magnetic declination next claims attention.

This subject presents greater difficulty, inherent in the observations, than the

diurnal inequality; not so much on account of the length of the period as on

account of the difficulty of keeping the instrument in precisely the same condition

of adjustment throughout the year. In the first part of this discussion I have

already had occasion to refer to this circumstance while investigating the annual

effect of the secular change, and it was there shown that the Philadelphia observa-

tions share in this respect the difficulties of those of other stations,
1

in consequence

of which the results must be received with caution.

1 It may be proper to give here, in full, Dr. Lloyd's instructive note on this subject, in his discussion

of the Dublin observations: "The determination of the annual variation is much more difficult than that
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Returning to the lust vertical column in the table, headed " mean," we have

there the monthly values of the declinometer readings (in scale divisions), and in

their differences when compared month for month, the joint effect of the secular

change, and of the annual inequality. To eliminate the effect of the secular

change, we determine its annual amount as follows : Subtracting the mean annual

reading 559.64, corresponding to July 1, from each monthly mean, and putting

x = monthly effect of the secular change (considered as uniform), each monthly

mean reading furnishes an equation for the determination of x, thus : for

January

February

March

April .

4.56 = 5.5 x

3.34 = 4.5 x

5.22 = 3.5 *

4.39 = 2.5 x, etc.,

which, when combined by least squares, give x = l
d
.227, hence the annual change

14' .7 or G'.7 of increasing westerly declination. 1

Deducting the effect of the secular change, and comparing the monthly remainders

with their mean values, we obtain the annual inequality of the declination as

follows :

—
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the remaining 27 months in the years 1S43, '44, and '45, when discussed in the

same manner, give a rather different result.

Some improvements, however, can be made in the preceding investigation \<\

omitting the December mean of 1844, which is obviously about 12 scale divisions

too small; the observed value is 535d-
.2, and the interpolated value 547''.0. An

examination of the first series shows a defect in the monthly means of 1841, be-

tween May and June, requiring a constant correction of + 8.0 scale divisions for

the remaining months after May, as may be seen by the following table :

—

Computed value for June, 57.9-2
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retrograde in regard to the advance of the secular change (to the westward) ; this

is in conformity with the law as given by Dr. Lloyd in the Dublin discussion, where

the motion of the magnet is to the westward at this period of the year, or the

reverse of the Philadelphia deflection, but the secular change is likewise reversed,

the west declination diminishing at Dublin (at the same time or more accurately

between 1840 and '43).

For further comparison I give here the results deduced from seven years' obser-

vation at Toronto between the years 1845 and '51, a previous working up of a

three years' series (middle year 1846) not being deemed sufficiently distinctive in

its results. The secular change is here 2'.0 per annum, increasing westerly declina-

tion, whereas it was 4'.4 per annum at Philadelphia in 1813; as in the above

result + indicates west, — east deflection.

Annual Variation at Toronto between 1845 and 1851.
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INVESTIGATION

INFLUENCE OP THE MOON ON TIIE MACNKTIG DECLINATION

The existence of a sensible lunar effect on the magnetic declination has already

been established by the labors of Broun, Kreil, Sabine, and others. It is never-

theless important to add the weight of new numerical results to those already

obtained.

In the discussions of the Philadelphia observations of magnetic declination,

already presented to the Association, I have shown how the influence of magnetic

disturbances, of the eleven year period of the solar diurnal variation and its annual

inequality, of the secular change, and of the annual variation may be severally

eliminated, leaving residuals from which the lunar influence is to be studied. Each

observation was marked with its corresponding lunar hour and the hourly normals

used for comparison.

'This method of treatment of the subject is that followed by General Sabine in

his discussion of the results of the British observations.
1

The details of the method will be better understood by an example.

The time of the moon's passage over the meridian of Philadelphia (upper transit)

was obtained from the American Almanac, the small correction for the difference

1 In reference to methods and results, in general, on this subject, the following papers may be consulted :

Observations in Magnetism and Meteorology made at Makerstown, in Scotland, in the observatory of

General Sir Thomas M. Brisbane, Bart, in 1845 and 1846, forming vol. six., part i. of the Trans. Royal

Society of Edinburgh. By John Allan Broun. Edinburgh, 1849; also vol. xix. part ii., containing

the general results (1850).

Einfluss des Mondes auf die magnetische Declination by Carl Kreil. Vol. iii. of the Proceedings of

the Mathematical and Physical Section of the Imperial Academy of Sciences of Vienna, 1852; also,

vol. v., ibid., 1853.

Philosophical Trans. Royal Society, art. xix., 1853: On the Influence of the Moon on the Magnetic

Declination at Toronto, St. Helena, and Ilobarton. By Col. E. Sabine.

Phil. Trans. Royal Society, art. xxii., 1856: On the Lunar-diurnal Magnetic Variation at Toronto.

By Major General E. Sabine. And

—

Phil. Trans. Royal Society, art. i., 1857: On the evidence of the Existence of the Decennial Inequality

in the Solar-diurnal Magnetic Variations and its Non-existence in the Lunar-diurnal Variation, of tin:

Declination at Hobarton. By Major General E. Sabine.

1
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of longitude being neglected. The observation nearest to the local mean solar

time of the moon's transit was marked with a zero, signifying 0"' of lunar time.

The time of the inferior transit was next obtained; and the observation nearest to

it in time was marked 12". The greatest difference in interval between the moon's

transit and the time of observation could in no instance exceed half an hour. In

the bi-hourly series, the observations nearest the moon's transit, or to either hour

angle, one hour before or one hour after the transit was marked. The mean of

a number of differences for the same hours thus gave a result corresponding

nearly enough with the hour. The number of observations intermediate between

those marked 1 '- and 12 h
- were marked with the corresponding hour angle by

interpolation, care being taken to note the nearest full hour against each observation

in the bi-hourly series. The hourly series begins with October, 1843. In the case

of thirteen observations within twelve lunar hours, the one nearest midway between

the two consecutive lunar hours was omitted.

In the month of March, 1842, which is selected as an example of the details of

working the bi-hourly series, the number of observations available is 298, of which

148 correspond to western and 150 to eastern hour angles. In the abstract which

follows + indicates a deviation of the north end of the magnet to the west, and

— a deviation to the east of the respective normal position for the hour. The

hourly normals are given in the first part of the discussion. No difference exceeds

eight divisions, this being the limit in number indicated by the criterion.
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If divided into western and eastern hour-angles, the animal numbers stand as

follows :

—

1840

1841

1842

1843

1844

1845

The preceding mean results will be found inserted in their proper place in the

following abstract of the mean monthly values for each observing month between

1840 and 1845.

Proceeding in this way the following results are obtained for the different

months discussed.



ON THE MAGNETIC DECLINATION.

D's Upper



LUNAR EFFECT

D's Upper transit. Moon's hour-angle.

M3.'
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These results, I, II, III, when expressed analytically by means of Bessel's form

of periodic functions, and when treated by the method of least squares, are repre-

sented by the following equations, in which the moon's hour-angle is reckoned

from the upper transit westwards at the rate of 15° to each hour. A<r_ represents

the lunar diurnal variation.

Group I, 1840-'41. A c
= +0'.003 + O'.OGS sin. (s + 92°) + 0M89 sin. (2<J + 67°)

" II, 1842-'43. A C
= —O'.OOG + 0'.030 sin. (e + 263°) + 0'.282 sin. (29 + 63°)

" III, 1844-'45. A C
= O'.OOO + C.075 sin. (o + 292°) + 0'.219 sin. (28 + 88°)

The numerical results from these equations are presented graphically on the

following diagram.

LtTNAR-DlUKNAL VARIATION OP THE MAGNETIC DECLINATION.
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from 4,900 observations in 1S40, '41.

from 0,715 observations in 1842, '43.

from 10,029 observations in 1844, '45.

The curves all agree in their distinctive characters, and show two east and two

west deflections in a lunar day, the maxima W. and E. occurring about the upper

and lower culminations, and the minima at the intermediate six hours. The total

range hardly reaches 0'.5. These results agree generally with those obtained for

Toronto and Prague.

From 8,000 to 10,000 observations seem to be required to bring out the results

satisfactorily, and the best results are derived from the use of all the groups.

Tbe following table contains annual sums of deflections for each hour, and the

resulting lunar-diurnal variation from the 21,G44 observations available for the

purpose :

—

—1
1 1 1
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The constant in Bessel's formula comes out zero, and hence it is inferred that

the moon has no specific action in deflecting the magnet by a constant quantity.

The coefficient of the first term of the formula is small, and it is from the second

term that the distinctive features, of the double-crested curve result. These results

are all represented by curves.

Both the east and west deflections are well marked, those occurring when the

moon is east of the meridian being greater than those when west.

It is not at all necessary to take in the third or higher terms. The progression

of the hourly values is systematic, and the agreement between the computed and

observed values is deemed satisfactory. The following diagram represents the

curve resulting from the above equation, the observed values being indicated by

dots.

Lunar-Diurnal Variation.

CO
©
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Prague observations also confirm the nearly equal deflections (mean) to the west

and .east. The epochs of the maxima and minima were fuund from the four roots

of the equation = 0.029 cos (6 + 295°) + 0.414 cos (20 + 85°), which gave 10

minutes as the mean time elapsed between the moon's passing the meridian, and

the time of maxima deflections. If we take the four phases into account, the lunar

action seems to be retarded 10 minutes, which quantity may be termed the lunar-

magnetic interval for the Philadelphia station. At Toronto the intervals are not

so regular.

The secondary range exists at Toronto, and is a marked feature in the Prague

result.

The following table contains the observed and computed values and their dif-

ferences :

—

Upper Curve.
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inferred from the ten-year series of the Prague observations, that in winter the

lunar-diurnal variation cither disappears, or is entirely concealed by irregular fluc-

tuations, requiring a long series for their diminution. The method of reduction

which he employed was, however less perfect than that now used. The second

characteristic of the inequality consists in the earlier occurrence of the maxima

and minima in winter than in summer. The winter curve precedes the, summer

curve by about one and three-quarter hours. Both these features are well ex-

pressed in the above diagram. At Toronto, the same shifting in the maxima and

minima epochs was noticed, but the other inequality in the amount of deflection

is not exhibited. It seems probable that the Philadelphia results are more typical

in form than those either of Prague or Toronto. It is also apparent that the

smaller deflection at the upper culmination in the annual mean, when compared

with the deflection at the lower culmination, is entirely produced by the feeble

lunar action in winter. The maximum west deflection in summer occurs actually

near the upper culmination. At the same season the maximum east deflection is

still retained (as in the annual curve) about six hours after the lower culmination.

In the winter season this last mentioned maximum east deflection is actually the

smaller of the two. We have

—

Maximum summer range . . . . - • 35".4, Secondary, 31".S

winter " 25 .2,
" 15 .-6

Difference 10 .2, 16 .2

At Prague the maximum summer range was 44".

Next I proceed to examine whether the phases of the moon, the declination, or

parallax, have any sensible effect upon the magnetic declination. Mr. Kreil found,

from a ten years' series of observations at Prague, that there was no specific change

in the position of the magnet depending upon the moon's phases and parallax, but

that the declination was 6".8 greater when the moon was at the greatest northern

declination than when at the greatest southern declination. On the contrary, Mr.

Broun, from the Makerstoun observations, a much shorter series than the one at

Prague, inferred that there was a maximum of declination two days after the full

moon. He also found a maximum corresponding to the greatest northern declina-

tion of the moon, but does not appear to have investigated the effect of distance.

The residuals which we have been treating enable us at once to examine these

several points.

Beginning with the lunar phases, the daily means for the day of full and new

moon, and for two succeeding days, were compared with the monthly mean declina-

tion. In case any of the hours were disturbed, the monthly normal for the hour

was substituted for the disturbed observation before the mean was taken. If one-

half or more of the hourly readings were disturbed, the daily mean was altogether

omitted. Accidental omissions of hourly observations were supplied by the hourly

normal. The half-monthly normals were then compared with the half-monthly

means. In the table of differences thus formed, equal weight is given to the

bi-hourly and hourly observations. The daily mean having been subtracted from the

monthly mean, the positive sign indicates a western deflection, and the negative sign

3
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an eastern one, as compared with the normal position. The following table con-

tains the result :

—
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T N V E S T I G ATION

ELEVEN (OR TEN) YEAR PERIOD, AND OF THE DISTURBANCES OF THE HORIZONTAL
COMPONENT OF THE MAGNETIC.' FORCE.

Volume XI of the Smithsonian Contributions to Knowledge contained a discus-

sion, in three parts, of the observations for magnetic declination. The first part

referring to the eleven (or ten) year period in the amplitude of the solar diurnal

variation, and of the disturbances of the magnetic declination; the second, to the

annual inequality of the solar diurnal variation, and the third, to the influence of

the moon on the magnetic declination. The present discussion refers to the

changes of horizontal force, and will be carried on in the same order as the former,

so as to dispense with explanations in the mode of treatment, unless in those por-

tions involving the peculiarities of the horizontal force instrument and record.

Charles A. Schott, Esq., has rendered me the same assistance in this work, stated

in the introduction to Part I.

The horizontal force instrument was one of Gauss's large bifilar magnetometers,

made by Meyerstein, of Gb'ttingen, the weight of the magnetic bar being about

twenty-five pounds, and its length being thirty-six inches and five-eighths. The

suspension wires were slightly inclined, the smaller distances between them being

above the larger. The value of one division of the scale in parts of the horizontal

force was determined to be :

—

in May, 1840, .... 0.000035

in June, 1841, .... 0.000038

The mean, or 0.0000365 is the value used throughout the series. The sensibility

of the instrument was thus very considerable. The instrument having been pro-

perly adjusted with the bar at right angles to the mean magnetic meridian, the

torsion angle Z was found to be 71° 43'. The relation h= a cotcm. Z expresses

the value of one scale division h in parts of the horizonal force, a being the value

of a scale division in parts of the radius, or 0.00011 = 0'.38, and Z the angle of

torsion. Increase of readings on the scale corresponded to decrease of horizontal

force.

The instruments were placed in position by the equations deduced by Professor

Lloyd, for the case of the declinometer in equilibrium with the horizontal and

vertical force magnetometers, the position of instable equilibrium being taken
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necessarily from the form and position of the observatory. The effect of the small

vertical force bar at first used, upon the bifilar was quite insensible, and that of

the declinometer bar affected the value of the scale but slightly, the effect of

both instruments changing the value of the scale divisions only in the ratio of 1 to

0.9!K"><;.

A thermometer, by Francis, of Philadelphia, divided to half degrees of Fahren-

heit's scale, and easily read to tenths, was placed in the box of the horizontal force

magnetometer and as near as practicable to the bar.

After the bifilar was set up, a motion commenced in the direction indicating

decrease of force ; it was progressive though not steadily so. After a time- an extra

scale was required on occasions of auroral, or other disturbances, and finally the

ordinary readings were upon this extra scale. On the occasion of the change of

the vertical force magnetometer, in January, 1841, by the substitution of Saxton's

balance magnetometer for Lloyd's, the magnetism of the horizontal force bar was

examined and found to have sensibly decreased; its force amounted to 0.9601 of

its original force, in May, 1840. The experiments were made by means of deflec-

tions with a subsidiary declinometer bar, the only means then available. A further

experiment of the loss of force was made in June, 1841, when the instrument was

accidentally disturbed by one of the observers. The loss of magnetism then found,

by means of a new determination of the angle Z, was 0.0314 of its amount in

January, 1841. To ascertain the change of magnetism of the bars of the mag-

netometers, vibrations were also made use of, but they led to no satisfactory result.

The progressive change of the scale readings from the change of the horizontal

force and loss of magnetism of the bar, will be investigated further on.

The observations, between June, 1840, and September, 1843, were made bi-hourly,

and from October, 1843, to the close of the scries, hourly. The series extending

over five years is not quite continuous; no observations were made on eleven

days in January, 1841, on the occasion of the introduction of a new vertical force

magnetometer, and the consequent necessity of readjusting the instruments; in

January, February, and March, 1843, the work was reduced to but a single reading

a dav, by circumstances elsewhere stated; there are also some minor disturbances

at other times when the difference in the readings, however, were ascertained and

allowed for. Full statements bearing on the continuity of the series will be given

in subsequent pages.

The reduction proper, necessarily commences with the operation of bringing all

the readings to the same standard temperature, to render them comparable among

themselves.

Correction of the Readings of iff Bifilar Magnetometer for Changes of Temperature.

The care bestowed on the experiments to ascertain the effect of the temperature

on the instrument, and the perseverance with which they were carried out were

not rewarded with a corresponding degree of agreement in the results obtained, by

the various processes employed. This it will be recollected was also the case at

other observatories. The subject of the co-efficient of temperature for the bifilar

magnet is fully treated in the preface to the three volumes containing the record,



OF THE MAGNETIC FORCE. 5

and it will, therefore, in this place only be nccessar) to recapitulate in general the

results and to state the nature of the experiments there described.

The first observations for the temperature co-efficient were made on July l(i,

1S40. Oscillations were observed alternately at the ordinary temperature and near

the freezing point, obtained by surrounding the bo\ containing the magnet with

ice; at the same time comparative oscillations of a bar in another building were

observed to furnish the necessary data to correct the hifilar results for any change

in the horizontal force during the progress of the experiments. The value deduced

was 2.8 scale divisions for a change of 1° Fahrenheit. No reliance was placed on

this result on account of the comparatively rude indications of the subsidiary

instrument, and also on account of an irregularity at a certain point in the curve

representing the connection of change of force with change of temperature.

The method of deflections was tried, and abandoned on account of the small

amount of deflection at a distance sufficiently great to prevent the chance of per-

manent changes from the mutual action of the bars.

On the 22d of February, 1841, comparisons by vibrations were again resorted to,

but with no better success, the correction for change of force during the interval

beinsr unsatisfactory. The result deduced was 3.0 scale divisions for 1° Fahr.

Applying the results to the readings of the bar when mounted on the hifilar

suspension wires in the observatory, they were so little satisfactory that it was

determined to get the change of intensity of the bar by heating and cooling the

observatory while the bar remained in situ.

In January and February, 18-42, a continuous series of observations was made by

allowing the observatory to attain the winter temperature on one day, and obtaining

thus a result by comparison with the preceding and succeeding days, when the

room was artificially warmed. The value found was 1.55 scale divisions for 1°

Fahr. At this time the observatory was Avarmccl by a soap-stone stove with copper

fixtures.

About the close of the year 1842 an efficient set of subsidiary instruments was

mounted in one of the College buildings, the bifilar magnet being about nine inches

in length. After the relative value of the scales of the instruments had been

ascertained, comparative observations were made, six each day, in the morning and

afternoon. These observations and results are given in a table extending over

eleven months, in 184)3, and over eleven months, in 1844. The results were fluc-

tuating, and the discrepancies proved conclusively, that other causes were at work

which would not be accounted for. The changes in the force were generally small.

In the course of these experiments I found, beyond a doubt, that instruments of

the same dimensions were required to give comparative results. During an aurora

the small instrument in the College gave by no means the same results as the large

instrument in the observatory ; there were numerous comparisons determining this.

I had reason also to believe that the large bar had its induced magnetism easily

disturbed, and not regularly renewing itself, so that the correction for temperature

may be supposed compound, one part permanent and cue part temporary. The

following results were obtained:—
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Observations between February and June, 1843, 2.50 scale divisions

July and December, 1843, 2.28 "

" " January and June, 1844, 1.94 "

July and December, 1844, 2.00 "

for L° Fahr. It may also be stated that no reasonable supposition in regard to

differences of temperature between the indications of the thermometer and mag-

netic bar, or to changes in the co-efficient varying with the temperature, will explain

all the cases of discrepancies. In these comparisons, always near each other in

time, small differences in intensity, as shown by the subsidiary instrument, were

allowed for, but the corrections for temperature of this latter instrument were

neglected, as the changes of temperature in the building where it was placed were

small.

Another method, not quite so unobjectionable as the preceding one, was tried;

it consisted in taking the results corresponding to the highest temperatures during

each winter, and comparing them with those corresponding to the lowest tempera-

tures, a correction being made to reduce the changes of force by means of the

secondary instrument. These comparisons were liable to be affected by the unequal

distribution of the results used over the different parts of the month. The result

was : for combinations and comparisons, from

January, 1844, to June, 1844, 2.03

July, 1844, to December, 1844, 2/29

scale divisions for each degree of Fahrenheit's scale.

The mean value of all the results obtained by the various processes explained, is

2.6 scale divisions, and as a preliminary measure, it was supposed that the co-effi-

cient was changeable, and hence a correction for change of temperature was applied,

varying from 3.2 scale divisions, in 1840, to 2.0 scale divisions, in 1844.

On resuming the discussion it was thought desirable to deduce a value for this

co-efficient directly from the entire mass of observations, as this could not fail to

satisfy the whole series. For this purpose it was indispensable to make the series

of observations continuous, or, in other words, to refer the readings, extending over

five consecutive years, to the same initial division of the scale. This is, therefore,

a proper place I'm- stating all cases when the instrument suffered any disturbance

and the amount of scale (direction required. All necessary explanations are given

in the record.

The first break iii the series occurred August 27, 1840, at 12" 22"' (Philadelphia

time), when the mirror was accidentally deranged. The observed numbers from

this date to September 22, at 12" 22m have been brought to comparison with former

numbers by the mean position of the bar for six previous days (in some cases

seven) and by the hours, from 0" 22"' to 22" 22"' inclusive. This correction is

already applied in the record, its probable error is given as 3.3 scale divisions.

On September 22, 1840, the instrument was readjusted.

An interruption of eleven days occurred, in January. 1841, owing to the intro-

duction of a reflecting vertical force magnetometer,, and requiring a new arrange-

ment of the instruments. The horizontal force magnetometer was left in its place.

The mean values for January, viz:. 944.6 divisions for the bifilar, and 36°.5 for the
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corresponding temperature, as given in volume I of the record, may I).' reduced to

the true moan by tin- interpolation of values, between December 31 and January
12. The daily moan (at 32°), on December 31, was 842.3. and on January 12,

913.0, hence, omitting the readings for January 3d, and 10th, as Sundays, the com-
plete monthly mean should be 18.6 divisions less or equal 926.0.

The observations were resumed on the 12th, and continued to February 8th at
22'' 49i n

', when the wires were found to have been slightly deranged, two days
previously, February 6, IS'

1 22" 1 (Philadelphia time), a great change in the position
was noticed; on re-arranging the instrument it did not return to its former read-

ings. A correction of + 116 has been applied (in the record) to the previous mean
readings only in this month, and in consequence + 116 divisions should he added
to eacli individual reading from the commencement of the series ; but on account
of another disturbance of the instrument, on the 22d, at 16'' 22"' (Philadelphia time),

a further correction of + 92.8 scale divisions should be applied. The total correc-

tion is therefore + 208.8. Besides these corrections the readings on the 22d from
0" 22m (Philadelphia time) to 10 1

' 22 ra (Philadelphia time), inclusive, should be
increased by + 25.1 divisions, the alhidade of the instrument having been dis-

turbed. 1

On the 2d of June, 18-11, the suspension wires were struck accidentally, derang-
ing the instrument ; the readings were then near the end of the subsidiary scale,

and in rearranging the instrument the new readings were brought near the middle
of the scale. The total difference between the old and new scale readings, the

latter commencing with the first of the month, is 900 scale divisions. The means
between June 1st and 5th are already corrected in the record, but the individual

bi-hourly readings require a correction of + 21

3

2 scale divisions to produce these

means. It was thought best not to apply this correction of — 900 divisions to the

observations between June, 1840, and June, 1841, but simply to state the quantity

since it can be applied easily to any result hereafter.

At the close of 1842 the regular observations were discontinued for three months,

during January, February, and March, 1843; a daily reading was taken at 14h 22"'

(Philadelphia time), in order to keep up a continuity in the scries. By means of

the reduced readings in the same months in the other years, it was found that a

correction of — 3'\4 — 3\7 and + l
d
.5 for January, February, and March, respect-

ively, was required to refer the moan at 14 h 22m to the mean of a complete bi-hourly

daily series. Applying these corrections, the corrected monthly means become :

—

1 The
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Eor January, 18 13,

Eor February, 1*4:;.

For March, 1843,

803". 7 .it 59 J

798".9at 51°.9

815". 1 at 48°.7

On the loth of April, ls4:5, the instrument was carefully examined and found in

adjustment.

At 6h
5()

m on May 4, 1S43, the bifilar was disturbed, but readjusted on May ">.

before the regular observation at 2h 21m P. M. A correction of — 16 divisions

during the interval is to be applied to the readings. After this date the instrument

remained undisturbed.

We have, therefore, for discussion the following continuous series of montbh

means of the readings of the bifilar magnetometer with its corresponding mean

temperature. The series extends over rive years and one month. To obtain a

better view of the series, the correction .of — 900 divisions for the first twelve

months has been applied, it gives a negative value to the June mean of 1840.

Table I.

—

Recapitulation of
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Ae — difference between any single period and the mean epoch.

a/ = " " any temperature ami the mean temperature.

The formula was first applied to the monthly means resulting from five years of

observation; Lt gave y = + 1.0 scale division; but the remaining differences showed

that the irregular changes between June and July, ami December and January, of

the years 1840-41, had an undue effect en the result, the first year's observations

were, therefore, omitted, and the process repeated for the remaining four years.

The twelve conditional equations gave the normal equations:

—

+ 2143.15 = + 143k— 200.4 y.

— 254!).7:i =— 200.4.r+ 711.1 y.

whence sc<= monthly effect of tin 1 progression = + 16.5 scale divisions.

y= temperature correction for 1° Fahr. = + 1.8 " "

An examination of the observed and computed values showed that the introduc-

tion of a term Ae2
z woidd improve the agreement, solving the three normal equa-

tions we found
.r= + 17.6

y=+ 1.62

2 =— 0.31

The following table shows the comparison of the observed and computed monthly

mean readings of the bifilar :

—

1841-1845.
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Combination by Alternate Means of the Warmer Months, from May to October inclu-

sive, with the COLDEB Months, from November to April inclusive.
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The next step of the reduction consisted in transcribing the whole body of the

observations after correcting them individually for differences of temperature; the

adopted standard temperature being 63° Fahr.

The following table contains the monthl) means of the bifilar readii gs reduced

to the standard temperature; the scries has been made continuous by the application

of certain corrections explained before.

The readings are in scale divisions of 0.0000365 parts of the horizontal force;

increasing numbers denote decrease' of force. The time is Observatory mean time,

counted to twenty-four hours for convenience sake.

Table
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The monthly means arc contained in the following table:

—

13

Table III.-

—

Monthly Mews of the preceding Bitixab Readings reduced to the

Standard Temperati re 63° Fahrenheit.
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At Philadelphia the progressive change is so large as to require a systematic' correc-

tion throughout the series. In the manuscript tables used for the preparation of

the monthly normals and containing the observations reduced to 63° Fahr., the

readings corrected for progressive change 1 were written in blue ink underneath each

observation. If the monthly differences are taken from Table No. III., it is appa-

rent that the change is irregular, and in three cases at least it is certain that other

causes were in operation, which produced larger monthly differences than could lie

attributed to the gradual loss of magnetism. These cases are the following (alreadj

noticed in the preceding temperature discussion): between June and July. 1S40, a

difference of 170 divisions; between December and January, 1S40-41, a difference

of 77; and between May and June, 1841, a difference of 103 divisions. They

require separate treatment, as will be presently explained. For the correction of

the progressive change the mean reading from one month's series was made out for

the first, middle, and last of each month. By this process of taking the mean from

14 days preceding and 14 days following each of the epochs the lunar effect on the

solar variation is practically eliminated from the resulting mean value. 1 These

means corresponding in time to the beginning, the middle, and the end of each

month, furnish the rate of change for the first and second half of the month, and

by simple interpolation give the correction for progressive change for each day.

If the rates for the first and second half of the month are different, the monthly

means of each hour (from the blue figures) will differ by a small but constant quan-

tity from the former monthly means. Thus, for instance, for the month of June,

1842, the monthly mean is 651 divisions, corresponding in time to the middle

of the month, the mean of the readings (at 63°) for (he second half of May
and the first half of June is 641, corresponding in time to the first of June, and

the mean of the readings (at 63°) of the second half of June and the first half

of July is 673, corresponding in time to the last of June; the correction applied to

the bi-hourly readings (at 63°) on June 1st was + 10, and to the readings on June

30th was — 22 divisions. At the middle of the month the correction is zero, and

for the intermediate days it is in proportion to their respective distances from the

middle. The- algebraic sum of the daily corrections divided by the number of days

of observation is — 3, which gives the new monthly mean 648, as corrected for

irregularity in the progressive change. In the exceptional case of a break, or

beginning and termination, the required rate (4' change for half the month was

found by a similar process, using half monthly and quarterlj means.

The following table, No. IV., contains the monthly means of the bi-hourlv and

hourly readings of the bifilar magnetometer referred to a uniform temperature (63°

Fahr.), and corrected for irregularity in the progressive change. It is here inserted

for the purpose of comparing it with the monthlj normals, showing the change pro-

duced by tin 1 exclusion of the disturbances. The means in the month of June, 1840,

are suppressed, and the readings between June 1 and June 5, 1841, were not used.

1 In connection with this subject, the first part of an interesting paper by Mr. Broun maybe
consulted, viz. : " On the lunar diurnal variation of the magnetic declination at the magnetic equator

"

— Proceedings Royal Society vol X. N,, :;'.!, lSGO
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Table IV.

—

Monthly
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Table V.

—

Monthly Means of the preceding
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moan (the monthly mean for the respective hour), also the number of observations

in each year subjected to the process:

—

LIMITS OF REJECTION lit PEIRCE'S CRITERION.

Div's.

1840-41
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The larger disturbances having been excluded, new monthly means were taken,

and the process was repeated several times, when required, until all readings differ-

ing 33 scale divisions or more had been excluded; the final means constitute the

normals as given in the following table:

—

Table VII.—Monthly Normal of the Bi-Hourly and Hourly
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subject to the same inequality of about eleven years as the declination, and the

means of investigation will be analogous to those used in Tart I of this discussion.

For greater convenience, the preceding monthly normals were united into annual

means and the results put .into an analytical form, using Bessel's function applicable 1

to periodical phenomena, and determining the numerical quantity by the application

of the method of least squares.

In the following table of the regular solar diurnal variation of the horizontal force

the means for 1842-43 depend only on nine months of observation; the correction

given to refer them to twelve months of observation depends on the mean difference

between the results of the same nine months and twelve months of the preceding

and following year ; this correction is nearly constant and the same within one scale

division for the adjacent years. In the second corrected column for 1842-43 the

effect of the annual inequality is thus eliminated. In the year 1*4:5-44 the results

from nine months of observation at the odd hours were reduced to twelve months

by means of corresponding differences in the series of even hours; thus (omitting

the minutes) at hour 2, mean of 12 months = 1006, mean of 9 months = 1028; at

hour 3 for the same 9 months, mean = 1026, or 2 divisions less; at hour :! for

12 months the mean is therefore 1004, and the same result is found by comparing

with the following hour 4 ; the mean is given in case of a difference in the two

residts.

Table VIII. Regular Solar Diurnal Variation of the Horizontal Force for each

Yeah of Observation expressed in Scale Divisions.

Increased numbers indicate decrease of force. The minutes at the head of each column are to be adde 1 to

the hours given in the first vertical column. Kaeh year commences with the mouth of July.
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The preceding mean diurnal variations were put in the following analytical form,

in which the angle counts from midnight at the rate of 15° an hour.

Ve^r 1S4C-U II = 223>.5 + E .98 tin (9 + 252° 14') + 11«.68 tin (2 + 121° 16') + 5«.89 tin (3 9 + 314° 42')

" 1841-12 H= 551.5 + 4.03 sin (fl -4- 244 07)+ 6.58 sin (2 8+131 32 ) + 4.48 sin (3 9+312 19)

" 1842-43 H= 789.9 + 4.14 sin (0+260 06)+ "•"" "" (2 8 + 132 24 ) + 3.74 sin (3 8+323 06)
" 1843-44 H = 1007.4 + 2.14 sin (9+273 55)+ 5.09 tin (2 9 + 128 58 ) + 2.35 sin (3 + 317 58)
u is44_45 H = 1191.4 + 4.40 sin (0 + 271 13)+ 6.8G sin (2 + 123 25 ) + 4.11 sin (3 0+321

To show the degree of correspondence in the formula1 when deduced from the

observations of the even and odd hours separately, the results for the last year have

been added, viz:

—

Even hours II = 119V.3 + 41.20 sin (0 + 271° 28') + 61.98 sin (2 + 122' 360 + 4\11 sin (3 9 + 322' 35')

Odd hours H = 1191.5 + 4.60 tin (9 + 270 09 ) + 6.73 sin (2 0+124 13 ) + 4.12 sin (3 + 320 17 )

The close agreement between the observed and computed values is shown gene-

rally in the annexed diagram.

(A).

—

Inequality id the Diurnal Variation of the Horizontal Intensity.

204 div

08

1840-41.

1*41-42.

1*42-43.

1S43-44.

1-44-45.

0" 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 IS 19 20 21 22 23 24"

A. M. P- M-

Philadelphia local time.

The following table exhibits the differences for the year 184-2-43. as an example

of the numerical correspondence.
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Observed range. Computed i

January, 1841 38.8 38 3

1 s 12 23.8 26.2

isci 24.1 L9.1

1844 15.2 18.1

1845 24.2 23 2

The minimum range as given by tin- formula is in September, 1843. In Pari I.

of the discussion we found the minimum range of the declination in May, 1843,

and the minimum from the disturbances of the declination in August, L843.

Before proceeding to the discussion of the disturbances in the horizontal force,

the formulae given for the diurnal variation require to be put in a different form for

future use and for convenience of comparison with other places.

The scale divisions were multiplied by the value of one division of the scale

(0.0000365), and again by the value of Xfound for the year; the numerical constant

was replaced by Xand the angular quantities were changed by 180 so as to make

increasing numbers correspond to increase; of force ; we then obtain in absolute

measure the following expressions for the regular solar-diurnal variation of the

horizontal force at the Girard College:

—

Year 1840-41 H= 4.178 + 0. 191 sin (9 4- 72° 14') + 0.00178 sin (2 fl+ 301° 16') 4- 0.00090 sin (3fl + 134° 42 I

" 1841-42 H = 4J.75+ 0.00061 sin (9+64 07 ) + 0.00100 sin (2 fl+ 311 32 ) + 0.00069 sin (3 fl + 132 19)

" 1842-43 H = 4.173 4- 0.00063 sin (fl + 70 06 ) + 0.00108 sin (2 9 + 312 24 ) + 0.00057 sin (3 <3 + 143 06 I

" 1843-44 H= 4.170+ 0.00033 sin (9 + 93 55 ) + O.OO078 sin (2 fl + 308 58 ) + 0.00036 sin (3 fl + 137

« 1844-45 H = 4.1158 + 0.00067 sin (9 + 91 13 ) + 0.00104 sin (2 9 4- 303 25 ) + 0.00063 sin (3 9 + 141 26 I

The angle 9 counts from midnight ; the middle epoch to whioli eaoh equation refers is January.

Investigation of the Eleven (Ten?) Year Inequality in the Disturbances of the

Horizontal Magnetic Force.—In Table VI. the number of disturbances in each month

has been given as found from the observations; these numbers are, however, not.

directly comparable with one another, first, on account of some omissions in the

record, and secondly, on account of the change from a bi-houiiy to an hourly series.

For any incomplete month the number of disturbances for the whole month is

obtained by simple proportion from the number during the part of the month re-

corded; for January, 1841, the total number becomes 35, for June, 1841 the total

number is 18. For January, February, and March, 1843, the mean total number

of the disturbances, as found in the same months in the preceding and follow-

ing year, was substituted; this mean gave 8, 20, and 20, respectively. The num-

ber of disturbances after October, 1843, were halved to make them comparable

with the bi-hourly series. There were two anomalous months, July and December,

1840, in which the disturbances amount to 165 and 120, with an annual mean ot

64, whereas in the same months in the following year they only amount to 26 and

26 respectively, with an annual mean of 27; the mean annual difference 31 was

applied to the numbers found in 1841, which give 63 and 63 as a substitute for the

anomalous values in July and December, 1840. This anomaly does not exist in

the phenomenon itself, but is unquestionably due to the irregularity in the pro-

gressive change.

Table IX. contains the number of disturbances as distributed over the several

years and months, all referred to a uniform series of bi-hourly observations. To
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this table the monthly means and their ratio, when compared with the annual mean.

have been added; also, for comparison, the corresponding ratios found in Part I. of

the discussion of the disturbances of the declination.

month.
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Table X.—Aggregate usd Mean Amount of the Disti bbances oi the Horizontal Fori i

Expressed in Scale Divisions.

MONTH. 1S40-41.

July (4089)
August 4084
September 3092
October 3720
November 2390
December

|

6515
January 1186
February

j

2664
March

i

3112
April ' 2138
May

t

2456
June SOU

i.-ii-r.'

1157
755

3075
1284
1991

1225

601

1822
1176
2075
1211

794

1843-M i

Ml P :

Amouut.
ii

, force

1295
131

2099
2399
915

o
44
39

676
1187
164

471

660
169

34

HI
200

1412
861

131

142
I 228

1412

2173
2283
1402
sm;

127

1604
789

2390

56

52

56

49
54

52

49
50

49

49

47

44

1.10

1.03

1.11*

0.97

1.06

1.03

0.97

0.99

0.97

0.97

93

0.87*

0.87

1.61

1.56

2.06*

1.06
i oo

0.72

0.54

0.66

0.94

I

0.42"

Mean amount 53.9 52.0 48.6 46.3 46.8 50.6 1 ,ni 1.00

Maxima and minima in the columns of ratios are marked with an asterisk.

The inequality in the mean amount of the horizontal force disturbances in each

year, indicates the year 1843-44 as the minimum year.

From the preceding results. Ave may assume the month of November, 1843, as

the epoch for the minimum of the cloven (ten'?) year inequality, as far as indicated

by the differential observations of the horizontal force.

Further Analysis of the Disturbances of the Horizontal Force.—The distribution

of the disturbances in number and mean amount over the several months of the

year has been given in Tables IX. and X. From Table IX. we learn that the

disturbances are greatest in number in September and March or April, or about the

time of the equinoxes, and least in number about January and June, or about the

time of the solstices. At the autumnal equinox the numbers exceed those of the

vernal equinox ; the same law was found at Toronto ; also the numbers are smaller

at the summer solstice than at the winter solstice, in perfect accordance with the

result found at Toronto. These results are shown graphically on the annexed dia-

gram, which contains also the ratio of the disturbances for the declination in which

the same law is apparent.

(B).

—

Distribution of the Number of Disturbances ih the several Months of the Year.

Full line for horizontal force. Dotted line for declination.

- l, rt Crt — ., 3 *, o o a; !2
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Table X. shows that, in reference to the average magnitude of the disturb-

ances, the same law holds good, viz: the greatest relative magnitude occurring

about the time of the equinoxes ; the greatest amount corresponding to the autumnal

equinox, and the least to about the time of the solstices, the smaller amount occur-

ring near the summer solstice. The average magnitude of the disturbances of tin 1

declination was found subject to the same law.

If we separate the disturbances which increase the force from those which decrease

it, we may form the two following tallies of tin 1 distribution of the disturbances in

number and average amount over the several months of the years.

Table XI.

—

Annual Inequality in the
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Table XII.— ,\xm m. [neqi llity i>
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4 P. M. corresponds in time to the principal minimum at Toronto occurring between

2 and (i P. M. Thus, the curves at the two stations, representing the diurnal vari-

ation of the disturbances (irrespective of increase or decrease) of the horizontal

force, is double crested with an exchange of the principal and secondary maximum
and also of the principal and secondary minimum.

In the next Table, XIV., the diurnal variation of the disturbances is exhibited

separately for disturbances increasing and disturbances decreasing the horizontal

force.
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The average amount by which the disturbances tend to decrease the diurnal

variation of the horizontal force is 1.4 scale divisions or 0.00021 in the absolute

Bcale. The maximum effect takes place at 8 1'. M., at exactly the same hour when

the declination disturbances reach their greatest effect.

In the preceding Tables, XIII., XIV., and X V., to the hours indicated 21

1

minutes should be added, the observations being made so much later than the even

hours.

The preceding discussion shows that for two stations, even at a comparatively

short distance, as for Philadelphia and Toronto, there are, generally speaking, some

close coincidences in the laws derived from independent observations; but there

are also certain differences in other results; yet it must not be forgotten that for a

strict comparability we require, if not simultaneous observations, at least observa-

tions extending over similar parts or the whole of an eleven year period. The

Philadelphia series includes a minimum year of that inequality, with the greater

extent of observations before that epoch, whereas at Toronto the series begins after

the minimum epoch and barely extends to a maximum year.

For the purpose of obtaining a better view of the absolute amount of the disturb-

ances and their frequency of occurrence, 1 they were classified in nine groups of equal

differences of 20 scale divisions; the number of disturbances in each was found as

follows :

—

Limits Adopted.
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reference to the number of disturbances which ought to occur between the assigned

limits, it became apparent that the larger disturbances greatlj preponderate, a fact

no doubt intimately connected with the difficulty in correctly allowing for the pro-

gressive change during the first year of observation.
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SOLAR-DIURNAL VARIATION, AM) OF THE ANNUM, INEQUALITY OP THE
HORIZONTAL COMPONENT OP THE MAGNETIC FORCE.

The discussion of the diurnal and annual variations of the horizontal force is

based on the resulting monthly normal values for each observation hour as given in

the preceding part (IV.), in which the horizontal force lias been discussed in relation

to the ten or eleven year period, and which also contains the investigation of the

disturbances; in the same part all necessary statements are given relating to the

instrumental data and the absolute values of the horizontal force.

The normals, as has been shown, are referred to a uniform standard temperature;

they arc corrected for irregularity in the progressive change, and are necessarily

Creed from all the larger disturbances. The use of the normals instead of the sim-

ple means of the readings (corrected for difference of temperature) will insure

greater regularity in the variations of the horizontal force, now under consideration.

The diurnal variation requires an arrangement of the five year series of monthly

normals according to the months of the year and hours of the day; in general, the

method of interpolation for an occasional omission in either a month or hour, is the

same as that used in Tart II. of the discussion of the Girard College observations;

there is, however, this difference in tin 1 tabulation of the monthly values, that in

the present case the results are consolidated in a five years' arrangement, and in

consequence the year commences with the month of July. This arrangement was

preferred, particularly since it was found desirable to make no use of the observa-

tions in the first month of the scries.

Tabulation of monthly normals for each observing hour and each observing year,

beginning and ending with July. The individual values are taken from Table

VII. of the preceding Part IV.

After applying the corrections of — 19 scale divisions to the normals for January,

1811, and of +8 scale divisions to those of June, 1841, to allow for defective num-

ber of observations in these months, a further correction of + 68 scale divisions was

applied to all values between July, 1840, and May, 1841, inclusive, and of + 60 to

all values between July, 1840, and December, 1*4(), inclusive, to allow for defects

in the regularity of the progressive change, thus making the total correction for

the latter months = 128 scale divisions. The above corrections, when divided In •"»,

( 35 )
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in order to give the correction to the means derived from five years, become, there

tore: for months between July and December inclusive, +26; for January f 10;

for February, March, April, and May + 14; for June + 2. These corrections are

( onstanl for each hour of the day in any one month, and consequently do not affect

the diurnal variation; but they have nevertheless been applied at once to facilitate

subsequent deductions. Their origin has also been explained in the remarks accom-

panying Table V. of the preceding part.

The following example of the process of interpolation for the odd hour values

will suffice for all similar cases: Required the mean normal from the 5 year series

for ;">" 21 \
m A. M. in June (see tabular values and results below). The mean nor-

mals for the two last years at 4" 21im
, 5h 21|m, and 6" 21|

m
,
are 117(i, 117:3, and

1169 respectively; the mean at 5' 1 21 i"' is therefore 3 divisions less than the mean

at 4" 21*'", and since the mean of the ."> year series at 4" 21|
m

is 853, the result for

5" 2\\m becomes 849; again, adding 4 divisions to 847, the mean at (i'
1

21 V". we

find 851; the mean of the two values, or 850, is that given in the table, to which

+ 2 has been added, making the final result 852. The means of the odd hours, thus

found from the adjacent even hours, in general, do not differ by as much as a scale

division.

The time given in the tables of the normals is mean local time, counting from

midnight to midnight to twenty-four hours. The observations were taken (on the

average) 21| minutes after the full hours, as indicated in the tables. Increase of

scale readings indicates decrease of horizontal force; the value of a scale division

equals 0.0000365 parts of the horizontal force, or 0.0001523 in absolute measure,

the mean horizontal force being 4.173 (in absolute measure). Proper weights have

been given to the normals of the even and odd hours, in proportion to the number

of observations, as will be seen hereafter. Other special remarks will be found at

the end of the month to which they refer.

Tabulation of the hourly normals for each month and the mean of the five year

series, expressed in scale division readings anil reduced to tin 1 standard temperature

of 63° (Fahrenheit's scale), also corrected for all irregularities in the progressive

change. The regular progressive and secular change, therefore, remains in the

tabular quantities.
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Normals of the Horizontal Force for Sejptemi
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Table I. Recapitulation of the Hourly Normals op the Horizontaj l e (expressed

in Scale Divisions) fob each Month of the Year.

Increase of scale reading! ease of force.
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variation for each month in the year. In like manner \vi obtain the diurnal varia-

tion of the horizontal force—free of the larger disturbances— for the summer and

winter half, and for the whole year. Table 111. \\i!! exhibit these difference:

after their conversion from scale divisions into parts of the horizontal force (one

scale division equalling 0.0000365 parts of the horizontal force). The tabular

numbers are expressed in units of the sixth place of decimals. A plus sign indi

cates a greater force, a minus sign a less force than the mean value. Casting the

eye oxer the vertical columns, we obtain also a view of the anjnual inequality of the

diurnal variation, which will be examined further on.

Table III-
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Table [V.

Table IV. is derived from Table III. by multiplication with the absolute value of the horizontal force (4.173) ;

it contains, then-tore, the regular solar-diurnal variation of the horizontal force in absolute measure.

A plus sign indicates greater force than the mean. Two places of decimals have been placed on the side

of the table.
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(A.)—Diurnal Variation of the Horizontal Force in Sommbr, Wihteb, and for thb wholf Yrar.
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Philadelphia mean time.

This semi-annual change in the diurnal amplitude is more conspicuously repre-

sented in the annexed diagram (15), derived from diagram (A) by straightening out

the annual curve and using it as an axis of abscissae for laying off the differences

between the annual values and the summer and winter values at the same respective

hours of the day.

(B.)

—

Semi-Annual Inequality in the Diurnal Variation of the Horizontal Force.
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,;,„, are reached. Owing to the prominent annua] variation near 2 P. M.. the

f the diurnal variation between the morning minimum at 11 A. M. and the

afternoon maximum at 3| P.M. is of more interest in the discussion of the diurnal

fluctuation of the horizontal force than the 6 A. M. and 11 A. M. range, which

e, as we have seen, is slightly greater than the first one.

To find the turning epochs of the annual variation, the monthly values for the

hours 9 \. M. and 2 P. M., when it is best developed, were taken from Table IV..

and each value was again compared with its annual mean.

Table V.—Annual Variation at the II"i as 9 A M. and l I'. M.

Mi. NTH
9 A. M.

0.00 0.00

2 P M

0.00

Diffevi

0.00

January
February
March .

April

May .

.F n in;

July .

August
September
October
November
December

Vlean

—025
-|-009

—096
—193
—210
—155

-

—296
—119
- i i£

037

+ ll«i

4-150
+045

—069
—014
—098
—191
—155
+022
4-073
+178

—( '41

+ 02ii

+134
+ 20.1

+201
+070
—073
—022

—081
—092
—045
_020
+069
+094
+163
+161

—113
—062
—llo

0.00

+099
+ 121

+045
—016
—069
—054
—130
— 17<;

—092
+046

+ 144

-141 +040

Casting the eye over the columns headed "differences," we see by the change of

sign and the magnitude of the values that the transition from a positive to a nega-

tive value occurs some time after the equinoxes, and that the maximum variation

is reached about the time of the solstices—a result in close correspondence with the

conclusions reached in the discussion of the annual inequality in the diurnal varia-

tion of the declination (Part II. of the discussion). For convenience in the analy-

tical treatment, a column headed •mean difference" has been added to Table V.,

obtained by changing the signs of the 2 P. M. differences (the annual variation

being then opposite to the morning values), and taking the mean of the 9 A. M.

and 2 P. M. differences. The values in this column arc tolerably well represented

l,\ the following formula:—

Aa= + 0.00129 sin (ti + Vr) + 0.00018 sin (20 + 191°),

the angle counting from January 1. at the rate of 30° a month. Accordingly, we

find the transition to take place shortly before the middle of April and October, or

,. twenty-two days after the equinoxes. This is about twelve days later than

the epoch found in Part II. for the declination.

Analysis of th Solar-Diurnal Variation of the Hoiizontal Fora .— For convenience

of investigation and proper comparison with similar results at other localities, the

values given in Table 1. have been put in an analytical form, and are represented

by the following expressions. It will be seen that the difference between anj

monthly normal mean and the corn-ponding mean in Table V. o! Part IN .. which

latter mean is affected with the disturbances, does not exceed 2| scale divisions.

i hi , mall difference includes also a small effect due to the necessity of different
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methods of interpolation in the construction of the two tables. In the determination

of the numerical quantities (by application of the method of leasl squares) in the

monthly equations, due attention was paid to the relative weights of the values for

the even and odd hours. The coefficients are expressed in scale divisions (increasing

numbers denoting decrease of force), and the angle counts from midnight at the

rale of 1 5° an hour.

For January, a a = + 793d
.3 + 3d.tt sin ( o + 236° 52') + 6d.56 sin (2 o + 96° 52')

+ 3*99 sin (3 9 + 282 ' 13') + 2d.00 sin (49 + 117°
)

For February, a4 = + 8004
.6 + 5d.50 sin ( o + 218° 26') + 4d.57 sin (2o + 102° 29')

+ 3d.27 sin (3 9 + 282° 40') + L
d.66 sin (1 9 + 121°

)

For March, a, = + 805''. 7 + 6d.56 sin ( 9 + 243° 31') + 5d.35 sin (2 9 + 114° 14')

+ 4d.23 sin (3 + 310° 04') + l
d.91 sin (4 9 + 113°

)

For April, a, = + 828d.3 + t
d.65 sin ( s + 257° 37') + 9d.55 sin (2 o + 123° 06')

+ 5d.15 sin (3 o + 306° 44') + l
d.18 sin (4 o + 103°

)

For May, a,. = + 832d.2 + 2''.24 sin ( e + 314° 31') + 7
d.81 sin (2 9 + 140° 53')

+ 4". 40 sin (3 o + 330° 05') + l
d.34 sin (4 + 214°

)

For June, a„ = + 856d.8 + 2d.12 sin ( 8 + 350° 03') + G
d.40 sin (2 9 + 140° 32')

+ 4d.48 sin (3 8 + 327° 14') + 0".92 sin (4 9 + 210°
)

Km- July, a4 = + 676d.3 + 3d.42 sin ( 0+ 4° ll')+ lld.50 sin (29 + 139° 14')

+ 6d. 1 t sin (3 5+ 330° 15') + d.78 sin (4 'J + 210°
)

Fur August, a4 = + 702d 2 + 5d.32 sin ( + 310° 58')+10d.37 sin (2o + 153° 40')

+ 6d.79 sin (3 o + 335° 55') + 2". 88 sin (4 9 + 203°
)

For September, a a = + 724d
.6 + 8d.02 sin ( o + 271° 57') + 9d.59 sin (2 9 + 137° 25')

+ 7
d.08 sin (3 9 + 345° 17') + l

d.99 sin (4 9 + 215°
)

For October, a 4 = + 738d
.2 + 8d.06 sin ( 9 + 237° 57') + 6d.40 sin (2 o + 123° 37')

+ l
d.34 sin (3 9 + 325° 20') + a.29 sin (4 9+ 174° )

For November, a_ = + 738d 5 + 4d.13 sin ( 9 + 237° 3(1') + 6".08 sin (2 + 100° 01')

+ r'.!)3 sin (3 9 + 310° 45') + d 46 sin (4 + 211°
)

For December, a„ = + 768d
.4 + 5d.03 sin ( 9 + 212° 48') + 8''.07 sin (2 o + 94° 14')

+ 3".98 sin (3 9 + 269° 17') + l
l 31 sin (4 9+88° )

We have also: For summer half year (April to September inclusive), for winter

half year (October to March inclusive), and for the whole year, the following

expressions for the regular solar diurnal variations:

—

Fur summer, A
ft
= + 770d.l + 3'.70 sin ( 9 + 293° 4!)') + tr'.ll sin (2 o + 139° 10')

+ 5".36 sin (3 9 + 329° 17') + l
d.42 sin (4 e + 202° )

Fur winter, a,. = + 771'.1 + 5d.36 sin ( 9 + 231° 30') + 6d.04 sin (2 9 + 104° 40')

+ 2''. 88 sin (3 9 + 293° 54') + l".ll sin (49+ 108° )

For year, a„ = + 772'. 1 + 3d.95 sin ( 9 + 250° 19') + 7
d.25 sin (2 9 + 125° 05')

+ 3d . 96 sin (3 9 + 317° 31') + 0".8G sin (4 9 + 105° )

The following expressions for January may serve as specimens of the agreement

of the result derived from the even and odd hours independently:

—

From even Lours, a, = 793d
.3 + 3d.81 sin ( 9 + 238° 01') + 6d.'56 sin (2 o + 94° 32')

+ 4a. 1 sin (3 9 + 280° 1 9') + 2".08 sin (4 9 + 86° )

From odd hours, a,. = 793'U + 3d.71 sin ( 9 + 234° 35') + 6d.56 sin (2 9+101° 32')

+ 3''. 70 sin (3 o + 286° 00') + L
d.85 sin (49 + 1 19° )

giving to the first equation the weight 2 and to the second the weight 1. we obtain

the equation as given above.
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The following comparison will show the agreement of the observed and computed

values we have for August:

—

(A. M.)
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(C.)

—

Solar-diurnal Variation of thf

Scale divisions.

Horizontal Forcf; April to SF.rTFVRFF., 1S40 To 1845.

l'i = 0.0000365 parts of the horizontal force.

April.

M ay.

June.

July.

A ngui t.

September

* ^ —

.

1*1
t- N

Q-a

0" 1 2 3 4 5 C 7 8 9 10 11 N. 13 14 15 10 17 la 19 20 21 22 23 24*

Philadelphia mean time.
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Scale

(D.)—SoLAR-DirnxAi. Variation of the Horizontal Force ; October to Marcii, 1840 to 1845.

divisions. I'
1 = 0.0000365 parts of the horizontal force.

Nnvenihi'r.

December

January.

February.

0" 1 2 3 4 5 G 7 8 9 10 11 N. 13 14 15 1G 17 18 19 20 21 22 23 24"

Philadelphia mean time.

Table VI. contains the coefficients i?, B, B3 B4 of the general equation:—

A, " A + B
{
sin (0 + C.) + 11, sin (2 + C,) + //, sin (3 + Ca) + B4 sin (4 + <\)

expressed in parts of the horizontal force, by multiplying the corresponding quan-

tities in the preceding equations with the value of a scale division. The angles

<\ (', C3 C4 will be found in Table VII.; they arc the same as given before.

increased by 1*0°, so as to make a corresponding change in the direction of the

scale readings; increasing numbers will now indicate increasing force.
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The first three decimals (O.OOO) have been placed in front of the table.

53

Table VI.
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marked, the morning maximum being considerablj greater, Theie curves also sho\t

i!m gradual shifting of the maxima and minim to a later hour in winter than in

i ner, o phcn< mon also well exhibited in the preceding diagrams C I l>.

•|
| M . numerical values of this change of hours will be given in tabular form further

on. The s II afternoon minimum abou( 9 P. M. is less distinctly marked than

anj other feature of the diurnal curve
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Tabic VIII. contains the computed values of the time I amount of the morning

maxim and minimum, and of the nftcrnoon maximum. The values for the

secondary afternoon minimum arc taken from the diagrams The time of the \. M.

maximum and minimum is within the nearest eighth minute; that <>i the P, M,

maximum within the nearest tenth minute, The time for the P. M. secondarj

mi is within the nearest hour. The amount of change of horizontal force is

expressed in Bcale dh is
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Table \ in
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(F.)_SoLAB-DlDBNAL RANGE OK TUE UoKIZo.NTAL FORCE Foil EACH MONTH OF TUE VhAl..

Absol. scale.

0.001:0

56

4-

44

4(1

:vi

28

24

0.0020

s£ £ « rs - o kT ^ J .- J"
r -^

g £ s < s -. •= <; m c s ft <%

The next table contains the epochs when the mean horizontal force is readied in

each day, as computed by the preceding formulae. The diurnal curves intersect

the axis of abscissas four times, of which the table contains only the A. M. and

first P. M. intersection: those later in the afternoon and near midnight occur in

summer, winter, and whole year at 7 P. M., 5| P. M., and 6| P. M. respectively,

and at 11}. P. M., 12 P. M., and llf P. M. respectively.

—I 1 1 1 1
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Tabus XI.

—
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(t,\ Changes of the Horizontal Force feom its Normal Valoe, fob each Roob of the Day ami Month of

the Year. Expressed in absolute measure.

0.00

January

February

-1— i i

ii" 12 3 4 5 6

A. M.
8 10 11 K. 1 2 3 4 5 6

P. M.
7 8 9 10 11 11:

Philadelphia mean time.

Annual Variation of Ave Horizontal Force.—For the discussion of the annual

variation we make use of the monthly normal readings of the horizontal force as

given in Table II. If m equals the monthly effect of the total progressive change,

we obtain from the twelve equations by the usual method tin- value m = + 15.49,

and the correction for progressive change for July and June, for instance, becomes

+ 5.5 in and — 5.5 m respectively. The following table contains the monthly

normals uncorrected and corrected for progressive change ; also the differences from

the mean for each month, constituting the annual variation.
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Table XII.
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Table XIII.
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INFLUENCE OF THE MOON ON THE MAGNETIC HORIZONTAL FOB( I

The method pursued in the investigation of the lunar effect on the horizontal
force is, in general, the same as that explained in Tart III. of the discussions of
the Girard College observations. The process may be briefly recapitulated as fol-

lows: Each horizontal force observation, after it had been corrected for the effect

of difference from the standard temperature and for progressive change, the dis-

turbed readings being omitted (as fully explained in Part IV.), was marked with
its corresponding lunar hour; the observation nearest to the time of the moon's
upper transit over the true meridian of the observatory was marked 0\ that nearest

to the lower transit was marked 12\ and the observations between, for western and
eastern hour angles of the moon, were marked with the proper lunar hour by inter-

polation. In the hourly series where thirteen observations arc recorded in twelve
lunar hours, that observation which is nearest midway between any two consecutive
lunar hours was omitted. Each observation and reduced reading thus marked with
its corresponding lunar hour was subtracted from the monthly normal belonging to

its respective hour, and these differences were set down in tabular form, arranged
according to lunar hours and keeping each monthly result separate for future com-
bination. Let n = any normal belonging to any reduced reading r, the following

tables contain the mean monthly values of the differences n — r; a positive sign.

therefore, indicates greater force, a negative sign less force than the normal. It

need hardly be repeated that in the original record of the horizontal force increasing

numbers denote a decrease of the force. The greatest possible difference is 33, the

number of scale divisions, which, according to the criterion, separates a disturbed

from an undisturbed observation. For the formation of these differences which

amount to more than 22,000, the manuscript tables of the reduced record were

used: these tables have already been referred to in the preceding Part IV.

The units in which the differences n — /• are expressed are scale divisions, one

division being equal 0.0000365 parts of the horizontal force, or equal to 0.000152

in absolute measure, the mean X being = 4.178 (in units of grains and feet).

The lunar effect on terrestrial magnetism being exceedingly minute, the process

required for its elucidation is proportional!) delicate; all the regular and irregular

( 63 )
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deviations arising from other sources must first be eliminated. In the method, as

indicated above, the magnetic disturbances (as far as they could be recognized as

such), the diurnal and annual solar variation, as well as the eleven (or ten) year

inequality and secular change, are all eliminated, leaving numbers fitted for the

lunar research.

The readings taken in the month of June, 1840, have not been used in this

discussion (these had likewise been rejected in the two preceding parts), on account

of the imperfect manner in which the allowance for the progressive change could

only be made at that time. For the lunar hour 21 in July, 1840, the number of

differences is so small that the mean had necessarily to be reduced; one-fourth of

its amount was set down in the table. In January, February, and March, 1843,

the observations were discontinued, excepting a single dady reading. These months,

therefore, do not occur in the lunar discussion.

The number of observations used are distributed over the several months and

years, as shown in the following table.

Table I.

—

Number op
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Table III.—

D
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Table IV.—

D
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Table
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'able VI. Differences from the Monthly Normals, 1843-44, Western Horn Angles

of the Moon.

1843 H. ii"

Dp cnl

1" 3" 41, 5 h 6» 9" 10' 11"

July
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DISCUSSION OF Till: [NFLUENCE OF THE MOON

If wo give weight to the annual moans according to the number of observations,

they would be; one for the first and second year, three-fourths for the third year,

one and three-fourths for the next year, and two for the last year: a general exam-

ination, however, shows that, owing to the disturbing effect of the progressive

change, the monthly means are very nearly of equal value, derived either from the

bi-hourly or the hourly series. It will also lie shown in the sequel that the lunar

diurnal variation is nearly the same in the summer and winter seasons; the mean-,

of Table Y. and the final means of Table VIII. have therefore been adopted with-

out reference to combinations or weights.

A comparison of the values of Table VIII. among themselves shews them to be

very irregular, although derived from many thousand observations; a five year series

of observations seems barely sufficient toexhil.it a tolerably regular progression.

lathe following table two groups have been formed, one of results from three

years, 1 s40 to 1843, comprising 8,791 observations, the other from the remaining

two vears comprising 13,248 observations. From these it appears that the lunar

diurnal variation during these two periods exhibits the same general character.
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(A.)—LOKAK-DlDKXAL VaRIATI

+1.5

the Horizontal Force in Sdmmer and Winter.

n < 1 1 1 1—i
r~

0" 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 18 17 18 19 20 21 22 23 24"

U. C. (Western hour angles of the moon.) L. C. (Eastern hour angles of the moon.) D. C.

summer deflection.

winter deflection.

If there is any marked difference in the lunar diurnal variation in the summer

and winter season, the summer range is slightly greater than the winter range; as

to the epoch, there is no douht that in winter the lunar maxima and minima arc

earlier than in summer. It is a remarkable fact that we have found the same fea-

tures in the lunar effect on the declination, viz., a greater amplitude in summer and

an earlier occurrence of the maxima and minima in winter; the amount of the

shifting of the two curves appears to be nearly the same. From the ten year series

of observations at Prague (1840-49) Mr. Karl Kreil found a larger lunar effect in

the summer months than in the winter months.

Recurring to the final values of the lunar-diurnal variation of the horizontal force.

as given in Table VIII., they can be represented 1>\ the usual Besselian form of

periodic functions.

The angle counts from the moon's upper culmination westward at the rate oi

15° to an hour; a + sign indicated greater, a — sign, less force than the average

normal. The observed values are represented by the following expression:

—

,/c = _ o.oi + 0.40 sin (0 + 13° 29') + 0.60 sin (2 + W° 43') + 0.155 sin (3

+ -2ii° 31').

The three coefficients arc expressed in scale divisions; if expressed in parts of die

horizontal force the equation maj be written as follows: (.1/ signifies millionth parts

of the force.)

.)/ M M .1/

// c
= _().36 h 1 l.iio sin ( '

I 13 .5) + 21.90 sin (2 6 + 3Kr
.7) + 5.64 sin (3 6 +

24 I .5.)

If expressed in absolute measure and if n = number of hours after the upper cul-

mination, it may be written

.1/ ' .1/ M M
ff€ = _ 1.5 + 61.0 sin (15 n 4- 13°.5) + 91.5 sin (30 n 4- 39°) + 23.6 in I I > n 4-

244°.5.)
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The curve is double-crested and is exhibited, together with the observed values,

in the annexed diagram. It presents two maxima and two minima, which arc found
from the equation

__ = o = + 0.40 cos (0 + 13°) + L.20 cos (2 + 39°) + 0.45 cos (3 6 + 245 ).

The lunar effect on the declination we have found likewise to present two maxima
and two minima. (Sec Part III. of the discussion.)

(B.)—LtTNAR-DltTRNAL VARIATION OF THE HORIZONTAL FOBCE ObSEEVED ASH COMPUTED.

+ 1.5

0" 1 2 3 4 5 « 7 8 9 10 11 12 13 14 15 115 17 18 19 20 21 22 23 24"

U. C. L. C. V. c.

We find : Principal maximum 2h 52m after Upper Culmination; 4- 0.87 scale divisions.

Secondary " 17" Lower " 4- 0.51 " "

Principal minimum 6 41 " " " — 0.87 " "

Secondary " S 19 " Upper " —0.45 " "

The epoch of the horizontal force tide for the high values is nearly 2 hours after

the culminations, and for the low values it is 1\ hours after the same phases.

For Makerstoun, in Scotland, at General Sir Thomas INI. Brisbane's observatory,

in 1843-46, Mr. J. A. Broun found (Trans. Royal Society of Edinburgh, Vol.

XIX. p. 11, 1840) the smaller maximum of the horizontal force 2 hours after

upper culmination, the greater maximum 1 \ hours after the lower culmination, the

smaller minimum 8 hours after the upper culmination, and the greater minimum

hours after the lower culmination.

At Prague all extremes appear from 2 to 3 hours later. Mr. Karl Kreil (Denk-

schriften of the Imperial Academy of Sciences, at Vienna, Vol. V. 1853), foimd

from the ten year series at Prague (1840—49) maxima of horizontal force between

four and five hours after the upper and lower culminations, the latter being the

greater of the two; and minima between ten and eleven hours after the same

epoch, that after the upper culmination being the greater of the two.

From the Toronto observations, continued for five years, Major-General Sabine

deduced the formula (see Vol. III. of the Toronto Magnetical and Meteorological

Observations, London, 1857).

Ax = + 0.05 4- 0.215 tin (<> \ 353 .6) + 0.3324 tin (2a + 13°.5).

10
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The coefficients arc in decimals of scale divisions (1 div. = 0.000087) parts of the

horizontal forte) ; the angle a counts from the superior culmination, giving a curve

of which the general features are in exact accordance with those deduced from the

Philadelphia observations, viz: a principal maximum after Upper Culmination, fol-

lowed by the secondary minimum; the secondary maximum after the Lower Cul-

mination, followed by a principal minimum. The times and amount of these values

are compared in the following Table X.

Table X.

—

Comparison of the Lunar-Diurnal Variation of the Horizontal Component

of tiie Magnetic Force as deduced from 22,045 Observations between ls40 and 184.t

at Philadelphia, and as deduced from 34,303 Observations between L844 and 1848

(a five year series) at Toronto, Canada.
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Table XL

—

Influence or the Lunab Phases on the Horizontal Fori
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According to Broun, then' is al Makerstoun a maximum horizontal force at the

time of the moon's greatest north and south declination, with a minimum force at

the time of her crossing the equator; in two cases, therefore, viz: for north decli-

nation and no declination, the Makerstoun and Philadelphia results agree; while

in the third case they disagree or remain doubtful. Kreil's results, from the Prague

observations, do not appear to me sufficiently decisive and regular to admit of com-

parison.

Influence of the Moon's Variation in Distance on tin Horizontal Force.—By a

process of reduction similar to that followed in the preceding investigation we

find :—

Table XIII.

One day before perigee

On the day of "

One day after "

One day before apogee
On the day of "

One day after

Scale divisions.

—1.5
—1.9
—2.11

+2.3
+2.3
+2.7

I Mean
.1

-1.8.

Mean —2.4.

The probable error of any one result is about the same as in the preceding re-

sults (Tables XI. and XII.). The results for variation in the moon's distance are

more consistent and satisfactory than those depending on the phases and declination

changes. The lunar effect is to diminish the horizontal force by its 0.000066 part

in perigee, and to increase it by its 0.000088 part when she is in apogee.

The Prague results arc the same, viz: a greater horizontal force at and after the

moon's apogee than at and after her perigee; a three years' series of observations

at Milan, however, do not agree therewith.

In no branch of magnetic research would additional results from independent

observations, particularly al stations widely apart, be more acceptable and valuable

than in the study of the lunar effect in its various manifestations.
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INTRODUCTION.

In the years 1840 and 1841, 1 made a detailed magnetic survej of Pennsylvania,

and adjacent parts of New York, Ohio, and Maryland, determining at a number of

stations, suitably selected with regard to the course of the iso-magnetic lines, the

magnetic declination, dip, and intensity; to these I added some dip and intensity

observations in 18-43, while on a tour through Western New York and Canada.

The total number of declination stations is 16, and of dip and intensity stations

48. On assuming the duties of Superintendent of the U. S. Coast Survey, in 1843,

I coidd not find the necessary leisure to work up these observations, although Mr.

J. Ruth and Mr. G. Davidson had commenced preparing, under my direction, a

partial abstract confined to dip and intensity observations, and to relative results.

In the spring of 1862, I availed myself of the services of Charles A. Schott, assist-

ant in the U. S. Coast Survey, who reduced, under my direction, the observations,

discussed the distribution of the three magnetic elements, presenting the latter

results also graphically, and prepared this report for the press.

In the summer of 1862, Mr. Schott visited six of the stations previously occupied

by me, and redetermined the magnetic elements. Three of these stations falling

within the scope of the operations of the U. S. Coast Survey were at the expense

of the Coast Survey, the observations at the three Western stations were; secured

by the liberality of the Secretary of the Smithsonian Institution who, at the same

time, offered to publish the observations and results in the Smithsonian Contributions

to Knowledge.

The observations of 1862 greatly enhance the value of my older operations, and

furnish the means of presenting results for two epochs about 20 years apart, thus

not only giving the most modern values, but also determining, by the known secu-

lar change of the three elements, any intermediate results.

The fruit of these labors, undertaken for this continent, at a comparatively early

period, and comprising the three elements, and the whole conducted systematically,

with instruments well constructed for the time, will no doubt afford adequate means

of watching, hereafter, the secular changes of terrestrial magnetism within the

geographical extent of this survey.

(
v )
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INTRODUCTION.

The declinations were determined with a new Gambey declinometer belonging

to the Girard College, the astronomical observations were made with a sextant and

vertical circle and chronometer (Grant, No. 3861). The dip was determined with

a portable circle by Robinson, the total intensity with Lloyd needles by llobinson,

and the horizontal intensity by a magnetic liar and cylinder according to the method

described by me in the American Phil. Trans., Vol. V, 1837, in which the vibrations

are made in a raritied medium.



MAGNETIC SURVEY OF PENNSYLVANIA.

(INCLUDING l'AKT OF OHIO AND MARYLAND.)

FIRST MAGNETIC TOVll OF 1840.

Abstract of Results for Relative Intensity and Dip at i(> Stations.

Philadelphia.

July 16

Time. Needle.

9 h 30n

10 30

Cylinder

Bar

Temp. Fahr.

76°.5

77.5

No. of series.
|

No. of
\ ibrations.

300
450

T:n f

10 vibrations.

34 s
. 51

36.85

Corr'd.

34".480

36.775

I

1.0000

1.0000

Date.



M A G N E TIC STJ K V E V F I> E N X SY L V A N I A

Harrisburg, Pa. Opposite avenue, between Capitol and State-house to E., near centre of

grass plot', say 100 feet from building. Clear, wind X. \V.

Date.

duly "J.".

Temp. Fahr.
]

No. of series. No. of
vibrations.

Ti mo of

10 vibrations.

Cylinder

Bar

75°

70

300
250

34".860

37.220

Horizontal
intensity

I'l.ll. 1 .0000

34".833 0.9805

37.150 0.9802

Mean 0.9803

Date. Time.
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Huntingdon, Pa.

Tin..-.

Julv 30

Temp. Fahr, x,. .,i X , ol

vibrations.

Cylinder 79°.0

liar 77.7

too

Time "f

10 vlbi

34'.716

:;7.])'.»

• ,. i

illl.-ll-ll V

Phil i

.».,,.

34V682
37.042

0.9896

0.9861

Mean ii 9878

Hazy and cloudy, wind \Y.

Date. Time.
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Economy, Pa.

Date.

Aiii^. 8 No. 1

Dip. Temp. Fahr.

72° 27'.7 86°

hip w hen loaded.

6

Dtp reduced.

S

17° 54'.5' 72° 35'.0

Relatii
Intensity.

1.1662

Mean ~rZ 35.0 1.1662

Cloudy, wind S. W.

Homewood, near Pittsburg, Pa.—Six miles S. E. from Pittsburg, under trees near gully

in front of house, nearly X. of it.

I'. a-. Temp. Fahr. No. ol No. "f

vibrations.

Tin f

10 vibrations

Corr'd. Horizontal
illt.-ll-ll V

Phil. 1.0000.

Aug. 13 6
h V. M ( Jylinder

Bar
T _' 7

66.5

310
300

:;.V.ol7

37.320

34 S
.

(.M>4

37.292

0.9732

0.9733

Mean 0.9732

Date.



m a (i x e tic sn i; v e v »»r pens s v i. v a ma.

Wheeling, Va.-/ancV [sland, opposite Wheeling, to north of hotel, near east bank of river
branch.

Date. Tinio.

Ang. ](! 9" A. M.

Dip.

No. 1

No. ;;

12' 13'. 6

72 ill.

I

Temp. I abr.

75°

7S

Dip n hen loaded.

8

Dip n dm
I

S
I

'

mi. iunity

i ; 02'.6

Hi 09.2

72 '
o'.i'.-i !.l i

•.'."

72 08.1 1 1581

Mean 72 08.9 1.1506

Johnson's Tavern, near Brownsville, Pa.—In cornfield in rear of inn, house bears W.
of S., X. E. corner distant. 350 yards.

Aug. 18
a it

Time. Nfri!l.\ Temp. Fahr. No. of i No. "f

vibrations.

Cylinder

Bar
80°.0

so.

7

310
300

Time of

10 vibrations.

34 s
. 308

36.685

34".332

36.596

Mean

Hoili .nt&l

-itv

Plill, 1.01

1.0114

1.0109

1.0112

Date.
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.

Irwin's Mill, near Mcrcersburg, Pa.—Ten miles from Clear Spring, Md., and six miles

from Mercersburg. Field (limi o X. W.

Temp. Fahr. No. of series. X., of
vibrations.

Aug. _ 1 Noon Cylinder

" " 2" V. M. Bar

78°.5

76.0

92.0

lco

1G0

Time of
10 vibrations

i'..ii .1. Horizontal
illtrll-ll V

Phil. 1 0000

34'. 45

34. I.".

36.62

34".419 1.0068

34.419 1.0068

36. 182
temp, doubtful

.Mean |
n, 68

Cumuli, wind brisk.

Date.
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Frenchtown, Md.—Frenchtown Landing. Under oak tree, about 200 yards S. E. fro
brick tavern.

Date

?'

V

Time. Needle. Dip.

No. 1

No. 3

71° ll'.s

71 32.8

Temp, Fahr. Dtp when loaded.

83

83

18° 3::'.:;

20 37.6

Dip red

J

71° 40'. I

71 i"l

loliil

Intensity.

L.1852

L.2035

Mea; 71 40.2 L.1943

Cumulus and cirro-cumulus, wind S E.

Girard College, Philadelphia.

Dip.

Oct, 28

11 11

Noon No. 1

No. 3

72° Ol'.S

71 47.4

Temp. Fahr.

52°

50

Dip when loaded. Dip reduced.
6 <f

old weight

+ 1° 28'.9

hpw weight

J 7 15.3

old weight

+ 2 37.2
ii. '\\ weight

V.) 23.0

71° 57'. 4

7! 54.7

Mean . 71 56.0

N. B. Old weights in third hole
; new or pin weights in third hole.

D/te.



MAGNETIC SURVEY OF PENNSYLVANIA.

(INCLUDING PART OF OHIO AND NEW YORK.)

SECOND MAGNETIC TOUR OF 1841.

Date.

April 26

Abstract of Relative Intensity and Dip at '20 Stations.

Girard College, Philadelphia.

Date.
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Philadelphia.—Continued.

Date, Time. N IK-.

July 20 2h 10m P.M. No. 1

No. :;

Dip.

71° 53'. 4

71 4(i.s

'• i'
i

Fahr.

92°. 5

87.6

Dip \. hen loaded.

ft

17° 54'.5

10 :;!.i

I'!], j.

71° 5 1'. I

71 56.5

Relative total

int. 'Unity.

1.1762

1.1893

Mi ;m 7 1 55.3 1.1827

N. B. Needle No. 1. Weight in last hole of end 15.

Xo -'I. hole nearest to end 15.

Doylestown, Pa.—Twenty-four miles N. of Philadelphia, by turnpike 150 feei X. 50 \\

of middle of back of .Methodist Epis. Church, on west side of a ci ked apple tree.

Tim.-.

July 22 10h 30m A.M.

Needle. Dip.

No. 1

No. 3

72° 24'. 7

72 11.1

Temp. Fahr. Dip when loaded.

81°.0

81.8

16° 50'. 1

1!) 20.7

Dip reduced.

<r

72° 25'. I

72 20.8

Relative total

ilit.-n.it y

1.1602

1.1814

Mean 72 2::. l 1.1708

Clear, cirro-cumulus, wind fresh from S. W.

Easton, Pa.—Yard S. of Lafayette College.

Date. Time.

July 22 4" 40"' P.M.

Needle.

No. I

No. 3

Dip.

72° 13'.:-;

72 24.3

Temp. Fahr.
:
Dip when load. .1

6

Dip reduced.

87°5.

85.5

17° 02'.

2

19 35.2

72° 44'.0

72 34.0

Relative total

intensity,

1.1572

1.1800

Mean . 72 39.0 1.168G

Wilkesbarre, Pa.—On a small knoll to X". E. of town. Under a chestnut tree near river bank,

same side as town.

After completing observations with needle No. I, wind too high, moved into valley to X. E.

New station bears from steeple of Presbyterian Church X. 54° E., and the old station from the

new bears N. 55° W., about 120 feet.

Date.



10 m a ( ; n i : tic s r n v e v <

>

p p e n nsylt a n i

a

.

williamsport, Pa.—From the academy S W by S. 350 feet, in the angle of a road.

July 28

Time. Needle, Temp. Pahr.

Cylinder

Bar

70' .7

73.2

No. of series. No of T "f

vibrations. 10 vibrations.

Corr'd. 1 I |
[ ! | Qtftl

L HI. 11-11 '.

Phil i I

inn 35-.560 35'.540 0.9560

392 37.740 37.682 0.9559

.Mean 0.9560

Pate. Time.
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Warren Ohio. In a field N. of town, under walnut tree, about | of a mile from American

Hotel, and £ of a mile from brick house ( while). Centre bears S. 15£° E.

X. W. end of American Hotel bears S. 17|° E.

Wooden church (4 points), N. W. corner of steeple bears S. 15£° W.

512 paces from walnut tree to back of American Hotel.

Date.
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Dunkirk, N. Y.— In front of boose of Msjor T. S. Brown.

S. edge of beacon-lighl from station reads

S. E. corner of Brown's limise ....
S. E. corner of hotel .....
Middle and upper bar of middle and upper window of

large brick house (McDonald's) .

90 --'7 ..o"

I ! i 05 30

15 :)7 30

180 11 17
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Bath, N. Y.—Observations for latitude in field S. \Y. from eourt-housc. Aug. 19, place to W
n!' former, and about 130 feet from it.

Dale. Time.

Aug. 19

Needlc-

Cvliuder

Bar

Temp. Fahr.

80°. 5

80.5

No of

vibrations.

380
350

Til f

10 vibrations.

36'. 969
39.410

Corr'd.

36". 931
39.315

intensity

Pliil. I 0000.

0.8865

0.8788

Mean 0.8826

Date.
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Silver Lake, Pa.—Continued.

Aug. 23 L0h 50m A.M.

V-r.ll, Dip,

No. I

No. 3

7:; 45'.2

73 33.1

rem] Falir.
:

Dip win o la i I d

66 ii

69.0

15° 43'.5

In 23.6

1 >
J

1
» r. I

t
. e IoIhI

i-ily.

73° 45'.9

7;; 12.8

I 1346

L.1539

Mean 7:; 111 1.1442

Milford, Pa.— Field on west side of creek from town.

Ann-. 26

Time.

5" P. M.
6 "

Cylinder

Bar

Temp. Fain- No. of series. x.i of

vibrations,

62°. 7

6 2.

2

:ixo

500

Time of
In vibi

36\587
38.738

lDtPD«ltV
i

3f;".5s2 0.9039

38.738 0.9054

Mean 0.9046

Date.
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.

Girard College, Philadelphia.—Magnetic observatory, on stand near marble pillar where

dip is observed.

Date.

Oct. 9 — P. M.
— P. M.

Xo. 1

No. -2

Mean

Dip.

71° 57'.9

71 58.2

71 58.0



MAGNETIC SURVEY OF WESTERN NEW YOHK.

(PART OF CANADA. ALSO NEW JERSEY AND PENNSYLVANIA.

J

THIRD MAGNETIC TOUR OF 1843.

Abstract of Results for Relative Intensity Km! Dip at 15 Stations,

Girard College, Philadelphia.

Time. Needle. Temp. Fahr. No. of series. So. of

vibrations
Time of

10 vibrations.
Corr'd.

July 20 4":;?" P.M.
" " 6 27 "

Cylinder

Bar
79°.5

T2.6

500
250

35".080

36.968

35-.045

36.914

I

1.0000

Date Needle.

July 20
i

7" P. M. NT0. 1

No. 3

Dip.

71° 56'.2

71 4 "'.:;

Temp. Fahr.

75°. 2

74.6

75.8

73.3

Dip wheu loaded.

+ 0° 42'. 7

18 26.1

+ 4 48.0

21 34.1

Dip reduced.

71° 57'. 8

71 55.3

Relative total

Intensity

.

1.1797

1.207s

Mean . 71 50.5 1.193

The smaller values of o refer to the old London weights )

. , „ „ „ • 1 l 1
ni ' ;ls ' nolo.

" larger new pm weights )

For these observations see Vol. II. of Girard College Magnetic and Meteorological Obserya

tions, pp. 1537-38.

Princeton, N. J.— Middle of the Held S. from college.

Dip.

July 21 No. 1

No. 3

72° 39'.2

7 2 25.8

Temp Fahr. Dip when loaded.

18° 25'. 2

22 03.9

Dip reduced. Relative total

intensity.

Mean

72 lo'.s

72 35.8

72 38.3

1.1689
1.2005

1.1847

( n )
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West Point, N. Y.—North of Mansfield House, 5 feet X. W. of pier marking Courtenay's

Station.

D;ite.
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Syracuse, N. Y.—Centre of meadow owned by A.aron Burk and John WilkiiiMm, mid I oi

clump of chestnut trees, south side of road,

Date. T

July 29 o'Mi'.i'" 1'. M
" • 46 "

Cylinder

Bar

Temp. Fahr.

73°.0

73.0

\.. or

260
100

Mean

Time nl

id v 1 1 in

38\028
10.020

3S 004

Unity

0.8509

0.8523

Data
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Rochester, NY.—Mount Hope Cemetery, near large oak tree, S. 25° E. of obelisk monument

of Mrs. Mary Brooks.

ii.it.'.

Aug. 1

Time.

3" 14"' P.M.

I

No. 1

No. 3

Dip.

7-4° 41'.6

7 1 33.1

Temp. Fahr.

69°. 5

69.5

Dip when loaded.

15° 13'. 1

19 02.9

Dip reduced.

i

74° 4:i'. 2

74 43.7

n total

intensity.

1.1199

1.1 145

Mean . 74 43.5 1.1322

Clear, wind N. W.

Niagara Falls, N. Y.—On Goat Island, in hollow leading to the Biddle stairs, which bear

about N. 35° W., large bass-wood tree intervenes.

Aug. 3

Time. Needle. Temp. Fahr.

llh 30m A.M.
38 P.M.

Cylinder

Bar
7'.) Ji

79.7

No. of series. No. of

vibrations,

500

Time of

10 vibrations.

Horizontal
intensity

Phil. 1 0000

37VJ70 37
s.933 0.8544

obser's imper-
fect.

Mean 0.8544

Time. Dip. Temp. Fahr. Dip when loaded.

6

Dip reduced. Relatl i

intensity.

Ausr. 3 3"13m P. M.
3 54 "

No. 1

No. 3

74° 40'.

8

74 39.3

80°.2 14° 03'.8

17 59.1

74° 4s'.4

74 49.3

1.1119

1.1369

Mean 74 48.9 1.1244

Niagara Falls.— British side, opposite centre of American Fall, near to N. of large lime-

stone rock terminating in a bluff.

Date.

All''. 4 1'' 12'" P.M.

Needle.

No. 1

No. 3

Dip. Temp. Fahr. Dipwben loaded.

74° 52'.0

74 42.7

7'.) .n 14° 21'.2

is 15.2

Dip reduced.

t

74° 53'.6

74 52.7

Relative total

intensity.

1.1127

1.1373

Mean . 74 53.2 1.1250

Cloudy, cumulus, wind S. W.

Magnetic Observatory, Toronto, Canada.

A
F- 1

1 II.,
1

" l\ M.

2 16 "

Neodle. Temp. Fahr. No. of series. No. of Timeof
vibrations. 10 vibrations.

Curr'd.

( iylinder

Bar
t i ;

79.0

550
500

38M12
40.205

38-.075

40.116

Horlwintal
, , ,

t . , , - i t v

l*lii 1 1 0000.

lists;;

0.8472

Mean 0.8478

Cloudy, cumulus, wind S. E.
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Auff. 7

Magnetic Observatory, Toronto, Canada.—Continued.



22 MAGNETIC SURVEY OF PENNSYLVANIA.

Quebec, Canada.—In the Governor's garden, side of alley from gate to Wolfe's batten-, 20

military paces from entrance gate.

Needle.

Aug. 1 I. lo ,'oo'»A.M.
" " 10 22

No. 1

No. 3

Dip. Temp. Fahr.

7 7 08'.5

77 07.6

77°.0

Dip when loaded.

16° 54'.3

21 2t.:.

Dip reduced.

i

77° Hi' 1

77 17.6

e total

aaity.

1.1019

1.1245

Mean 77 13.9 1.1132

Date.
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Troy, N. Y.—In orchard of Mr. Albert P. Beart, under apple tree, third from yard fenei

65 paces S. W. from house; above river 230 feet.



•24 M A Q X E 'J' I C S D It V E Y O P P E N X S Y L Y A N I A .

Girard College, Philadelphia.—Continued.

Dip. Temp. Fahr. Dip wbeu loaded. Dip reduced. Eelative total

, B A intensity.

Si lit. 12 1" P. M.
•2 "

No. 1

No 3

71°57'.l C2°7.

71 48.4
I

62 6 21° 34'.

71° 58'. 7

71 58.4
Corr'u.

1.20C9
—0.0141

Mean of both needles 71 58.6 L.1928

See Vol. II. of Girard College Magnetic and Meteorological Observations, pp. l."i44-4.">.



ABSTRACT AND REDUCTION OF OBSERVATIONS FOR DECLINATION.

OBSERVED IN PENNSYLVANIA AND ADJACENT STATES IN 1S40 AND 1841.

These observations were made with a Gambey Declinometer belonging to the

Girard College.

One division (small) of the scale was found equal to 14". 54, as determined in

1844, at Sandy Hook, by Lieut. G. M. Bache (See Coast Survey records). 1 large

division = 60 small divisions.

The observations were made with telescope direct, with slit to the right hand or

/•.'.. and with telescope inverted, with slit to the left or W.j also with needle direct or

hairs up, and with needle inverted or hairs down. With needle north, \Y. readings

are -4-, E. readings — ; with needle south, west readings arc — , cast readings +.
Throughout the record the apparent direction (E. or W.) is given, the same is

to be understood in this reduction ; apparent E. is real W., and when the angle is

west of true north, apparent east is + f°r the north end of the needle, but as the

azimuth circle reads from north to east this sign is to be reversed if we apply the

correction directly to the circle reading.

The accompanying papers contain also the reduction of the observations for time,

for azimuth, and for latitude.

Declination Stations of 1840.

1. Ilarrisburg. 4. Johnson's Tavern, near Brownsville.

2. Huntingdon. 5. Irwin's Mill, near Mercersburg.

3. Honiewood, near Pittsburg. 6. Baltimore.

Chronometer, Grant No. 3861, London {Pocket Chr.).

For chronometer error and rate.

Chron. fast, Philadelphia time, July 21 . . . 5" 01m 25*.0

Pittsburg " Aug. 5 . 5 21 23.9

Diff. long., 5 1
' 20m 08s—5" 00m 40s

. 19 28

Chron. fast, Philadelphia time, Aug. 5

Gain in 15 days

Daily rate = 2B
.0fi (travelling rate).

Between July 15 and July 21, the daily rate was 3".3 (stationary rate)-

5 01 55.9

30.9

( 25 )



26 MAGNETIC SURVEY OP PENNSYLVANIA.

No. 1. Harrisburg.—Lat. 40° 16' ; long. 76° 53'. July 25, 1840.

Declination Observations.

NEEDLE DIRECT.

Tel. direct.

N. end.

56 W
52
50

52.

7

58 E.

56
52

55.3

1.3 E.

S. end.

02 W
02

58
56

54

2 58.4

32 E.

35

38
42

44

1 38.2

Tel. reversed.
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July 21, diron. fast, Philadelphia time
Rate for 4 days (daily rate 2'. I

)

July 25, chron. fast, Philadelphia time

Diff. long. .

Chron. fast, Harrisburg time

Chron. time of observation .

Mian time of "

Corresponding sidereal time

.

K. A. of Polaris

Hour angle .

•Azimuth of Polaris (E. of X.)

Heading of "
"

astron. meridian
" magnetic meridian

Magnetic declination W.

No. 2. Huntingdon.—Lat. 40° 30'.5; long. 18° 02'. July 30, ls.jo.

Abstract of Declination Observations.

N. end. S. end.

2"i

r>" or
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No. 3. Homewood, near Pittsburg.-Lat. 40° 28'; long. 79° 59'.5. Aug. 10, 1840.

Abstract of Declination Observations.

Set I.

N. end.
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Abstract of Observations for Azimuth of Polaris.

Mean of times .

Mean circle reading

Aug. IT, chron. fast .

Clirou. time of observation

Mean " "

Corresponding sid. time

R. A. of Polaris

Honr angle

Azimuth of Polaris

II cading of Polaris

ast. meridian
" magnetic meridian

Magnetic declination "W.

Mean
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So. 6. Baltimore.—Aug. 27, 1840. Lat. 39° 17'.8; long. 16° 36'. 6.

Abstract of Declination Observations.

N. end.

47. C E.

32.0 E.

1 2:..; E.

1 01.2 E.

_0 56.6

S. end.

18.0 E.

7.6 E.

2 22.0 E.

2 20.5 E.

+ 1 110

+ 10.2

Azimuth circle reads,

=0° 02'.;

5

210 511

Magnetic meridian reads, 210 59.6

Abstract of Observations for Azimuth of Polaris.

Mean of times

Mean circle reading .

Aug. 27, chron. fast

.

Chron. time of observation

Mean
Corresponding sid. time

R. A. of Polaris

Hour angle .

Azimuth of Polaris .

Reading of Polaris .

" astrom. meridian

" magnetic meridian

Magnetic declination W.

12h 59m 04". 9

215° 12' 44"

5h 08m

12 59

50

15

02

13

7

18

1

11

2 8s
. 5

04.9

36.4

52.7

40.6

12.1

1° 56'. 6

215 12.7

213 16.1

210 59.6

2 16.5

Recapitulation of Results foe Magnetic Declination, 1840.

Harrisburg .... July 25,

Huntingdon .... July 30,

Eomewood, near Pittsburg . . Aug. 10,

Johnson's Tavern, near Brownsville . Aug. 17,

5. Irwin's Mill, near Mercersburg . . Aug. 24,

6. Baltimore .... Aug. 27,

3° 12'. 5 W.
52.3

08.0

25.2

54.4

16.5

1. Philadelphia.

2. Easton.

:;. Williamsport.

4. Curwinsville.

5. Mercer.

Declination Stations of 1841.

6. Erie.

7. Dunkirk.

8. Ellicottville.

9. Bath.

10. Silver Lake.

Chronometer Grant No. 3861, London.

For chronometer error and rate.

July 19, Philadelphia time .

Aug. 30,
" "

.

Sept. 14,
" "

.

(Previous to July 19. the chron. was gaining 2s
. per day.)

The longitude of the State house, to which the above refers, is 75° 08' 41". 9, or in time 5"00m 34."8.

Chron. fast.
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Philadelphia.—July 20, 1841. Lat. 39° 58'.4; long. 750 10' 0.

u\

Abstract of Declination Observatione

N. end.

1 40. 9 E.

2 03.2 E.

31.8 E.

13.1 E.

—1 0T.3

B. • ml.

1 48.2 E.

I ci.i E.

3 ln.i E.

3 13.5 E.

+ 2 30.3

= + 0" 10' I

218 52.9

8 h 34m 52 s
. 7

224° 33' 25"

+ 41.5

Azimuth circle reads,

Magnetic meridian reads, 219 03.0

Abstract of Observations for Azimuth of Polaris.

Mean of times

Mean circle reading .

July 20, chron. fast .

Chron. time of observation
Mean " "

Corresponding sid. time

R. A. of Polaris

Hour angle .

Azimuth of Polaris .

Reading of Polaris .

"
ast. meridian

" magnetic meridian

Magnetic Declination W.

h 00m 13 s
. 2

8 34 52.1

8 34 39.5

16 29 16.8

1 02 37.2

15 26 39.6

1° 33'. 3

224 33.4

223 00. 1

219 03.0

3 57.1

Easton.—July 23, 1841. Lat. 40° 42'; long. 75° 15'.

Abstract of Declination Observations.

N. end.

30.0 W.
22. 1 W.
28.4 W.
02.4 W.

+ 20.7

S. end.

1 15.7 W.
1 l!.s W.
1 22.7 W.
1 36.4 W.

— 1 22.4

—0 30.8

Azimuth circle reads,

—0° 07'.5

332 51.9

Magnetic meridian reads, 332 44.4

Abstract of Observations for Azimuth of Polaris.

Mean of times

Mean circle reading .

July 23, chron. fast .

Chron. time of observation

Mean " "

Corresponding sid. time

R, A. of Polaris

Hour angle .

s' 1

;,:; ' n.V ,,

338 05' 41"

0" 00m 34". 8

8 .

r
>:; 05

8 52 30.2

16 58 59.3

1 (i2 39 5

15 56 19.8
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Azimuth of Polaris .

Reading of Polaris .

"
ast. meridian

" magnetic meridian

Magnetic declination W.

1° 4:;'.:;

338 05.7

336 22.4

332 44.4

3 38.0

Williamsport.—July 28, 1841. Lat. 41- H'.O; long. 77° 03'.5.

Abstract of Declination Observations.

B, end

21.9 W.
1 02. 6 W.

N. end.

54.(1 W.
1 01.8 W.

1 31.6 W.
1 3G.7 \V.

+ 1 16.2

15.0 W.
18.7 W.

— 29.6

+ 23.3 = +0° 05'.

6

Azimuth circle reads, 241 22.2

Magnetic meridian reads, 241 27.8

Abstract of Observations on the Sun for time.

Bet.
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Curwinsville.— Anir. 1, 1841. Lat. 40 57 '.7; long. 7- 85

A bs tract of Declination < Observations.

N. end

69.2 W.
1 04.6 W.
56.2 W.
57.5 W

+ 59. I

S. ond.

51.2 W.

54.0 W
46.5 \V.

17.1 W
—0 49.1

+ () 04.8

Azimuth circle reads,

= + 0° 01'.2

207 56.0

Magnetic meridian reads, 207 57.2

Abstract of Observations on Arcturus for time.

Chron. time

Observed double alt.

True alt.

( lomputed mean time

Chron. fast

Abstract of Observations for Latitude.

Chron. time

Observed double alt. .

True altitude .

Mean time

Corresponding sid. time

R. A. of star .

Hour angle

Latitude

Mean

Abstract of Observation

Mean of times

Mean circle reading .

Aug. 1, mean time of observation

Corresponding sid. time

R. A . of Polaris

Hour anjrle

Azimuth of Polaris

Reading of Polaris

" ast. meridian
" magnetic meridian

Magnetic Declination W

Jupiter.

8h 35" 39'

54° 25' 25"

27 10 46

8" 21m 15 3

17 03 10

16 33 58

29 12

40° 57' 26"

'.I

1

' :)4
m 20s

73° 1
1' 22"

36 35 50

•I'
1

1!!"' 56"

o 1 4 -J l

Polaria.

9h 57'" 39s

81° 26' 31"

40 42 04

9" 43m 30M
18 25 39

1 02 4C. 4

17 22 52.6

40° 58' 00"

40° 57' 43"

for A until f Polar

8 h 43m 19 s
. 5

211° 29' 05"

s" 28'" 55'. 5

17 10 52

1 02 46

10 OS 00

1° 46.8

211 l".i I

L'(i!i 4->:>

207 51 'J

1 45 1

33
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.

Mercer.—Aug. -1, 1841. Lat. 41° 13'. 8; long. 80° 16'.

Abstract of Declination Observations.

N. end.

40.1 W.
38. (i W.

1 01.4 W.

1 05.2 W.

+ 51.3

S. end.

5G.0 W.
53.0 W.
42.7 W.
43.0 W.

-0 4S.T

+ 01.3

Azimuth circle reads,

= + J 00 .:;

220 31.3

Magnetic meridian reads. 220 31.6

Abstract of Observations on Jupiter for Latitude.

Chron. time .

Observed double alt. .

True altitude

Mean time

Corresponding sid. time

K. A. of Jupiter

Hour angle .

Latitude

8* 50m 4SS
.7

52° 30' 48"

26 13 23

8h 29m 35s

17 23 22

16 33 50

49 32

41° 13' 45"

Abstract of Observations for Azimuth of the Sun, Aug. 5.

Set I.

ll h 57m Ol'.O

202° 39' 30"

ll h 35m 45s
.

11 30 05.6

17° 02'.

2

202 39.5

219 41.7

Mean of times

Sun's centre reads

Mean time of observation

App. time

Azimuth of Sun (from S.)

Reading of Sun

ast. meridian

Mean

Corr'n for adjustment, Aug. 5

Reading of ast. meridian, Aug. 4
" magnetic meridian, Aug. 4

Magnetic declination E.

Set II.

l
h 05m 23 s

.

241° 14' 40"

u 44m Q.JSJ)

38 28.0

21° 37'.

7

241 14.7

219 37.0

219° 39'.3

+ 1.1

219 40.4

220 31.

G

51.2

Erie.— Aug. 9, 1841. Lat. 42° 07'.5; long. 80° 06'.

Abstract of Declination Observations.

N. end

44.1 W.
40.:; W.

1 01.2 W.
1 03.6 W.

+ 52.3

S. end.

50.8 W.
59.5 W.
59.1 W.
48.8 "W.

—0 54.5

— 01.1 =—0° 00'.3

Azimuth circle reads, 192 02.0

Magnetic meridian reads, 192 01.7
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Abstract of Observations for time, equal double Altitudes of Sun.

, Gd tlmp.

35

S.'l

1

2 .

3 .

Mean

Middle chron. time

Equation of equal alts

Equation of time

Chron. fast

A U
'.''' 22" 42". 3

lo is •_':;. 2

10 38 39.8

lo 06 35.1

!• M

.•;'' 29™ 19'. 1

2 33

2 13 39.1

2 4.". 37.6

1

3T'. t

4 l.
r
> 80.2

:i 34

l 39 02 5

h 26m 06". 3

+ 8.0

—5 lo:;

o 21 04.0

Abstract of Observations for Latitude.

Jnpiter.
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\ ng. 12

Middle chron. time .

Equation of equal alts.

Equation of time

Chron. fast

A ag. 13

Middle chron. time .

Equation of equal alts.

Equation of time

Chron. fast .

A. M.

9
h 21- 04". 7

0" 16m 25". 9

p. u.

3h 24"> n«.7

3h 28'h ovm o/;«36'. 9

Elapsed time.

6h 03m 13B.0

Qh 22» 4 p. 2

+ 09.4

—4 42.8

18 07.8

Els pi ed time,

6h 12m 1 I
s

.

h 22m 31". 4

+ 00.7

—4 32.

6

18 08.5

Abstr

Chron. time .

Observed double alt. .

True altitude

Mean time

Corresponding sid. time

K. A. of Polaris

Hour angle .

Latitude

Mean

act of Observations for Latitude.

Polaris, Aug. 11.

Set I. Set II

10" 10m 53s
.

8

10" 22m 24".2

85° 06' 00" 85° 16' 48"

42 32 10 42 37 30

9"52m 46 s
.G 10" 04'" 17 8.0

19 14 22.0 10 25 55.2

1 02 53.4 1 02 53.4

18 11 29.5 18 23 01.8

42° 28' 41" 4 2° 20' 10"

42° 20' 00"

Polaris, Aug. 13.



MAG N E T I C SURVEY O F 1* E X N S V L V A MA. :}7



38 M A Q N E TIC S U II V E Y F P E N N SYLV A MA.

Azimuth of Polaris .

Reading of Polaris .

" ;ist. meridian

" magnetic meridian

Magnetic declination W.

2° 02'. 2

238 19.2

236 110

233 41.3

2 35.7

Abstract of Observations for time. Aug. l"».

Mean of chron. times

" observed double alt

True altitude

Hour angle .

K. A. of star

Siil. time

Corresponding mean time

Chron. fast .

Mean

Arctaruft.
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Azimuth of Polaris .
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Abstract of Observations for Azimuth of Polaris.

Mean of times
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liECATl'J I I.A1 Icj.n OS I M: I I; \ i,h LaXITI I 'I.. 1841.

11

Williamsporl

Curwiusvillc

Mercer .

Erie

Dunkirk

Bllicottvillc

Bath .

Silver Lake

II 14'.0

I" .'.7.7

11 L3.8

I -J

12 29.3

I.' hi
12

-II

Comt arison of Declination for Set ular Changi I:- . ults of 1840-41, and of 1862

Annual ii

Philadelphia, Girard College, Julyand Nov., 1841, 3 53'. 7 W. 5° OO'.O W
Harrisburg, July, Is to, ;; 12.5 "

:i 44.5 " 1.5

Williamsport, July, L841, :; 31.2 " 1 25.7 '

Johnson's Tav., near Brownsville, Aug., 1840, 2a.2 "
1 13.6 " 2.2

Erie Aug., 1841, 30.0 " 1 :::;() " 3.0

ii:ltl < Au-.. 1841, :; 31.4 "
t 17.'.' " 3.r,

Mean ... 2'. 7

ETarrisburg was occupied in July, ls<;2, and all the other stations of 1862 in Augu I

Chronometri/i Results for Longitude,

In the tour of 1840, the error and rate of chronometer determined at Philadel-

phia was depended upon for time. The longitudes of the stations were taken from

the hest authorities.

In the tour of 1841, observations for time were mad.' at stations, and the error

of the chronometer was determined at Philadelphia, before setting out, and after

return.

_2".03
July 1 '.t. Corr'n to chron.

An-. 30. " "

-0 h 00m 06 .0

-a a! 31.4

Williamsport.—July 2s, obs'd corr'n in chron. .

Corr'n to chron., by rale Philadelphia

Dill', of lout;-.

Long, of Williamsport by chron.

Cl KWINSVILLE. Aug. 1. obs'd corr'n tO chron.

Corr'n to chron., by rate, Philadelphia

Diff. of long.

Loijg. of Curwinsville by chron.

lam, — .Vug. !». obs'd corr'n to chron

Corr'n to chron., by rale, Philadelphia

Diff. of long. ....
Long, of Erie by chron.

— h 07

— (in 21.:;

(i 07 30.2

77° 01'.3

—0b
1 I'" 24".0

_0 oo 32. I

n 13 51 6

7-
!

— 1
' 21'" 0| .0

_0 00 48.6

o -jo 15.4

Aug 11 AOR. 12

Dunkirk.—Obs'd corr'n to chron.

Corr'n to chron. by rale. I'hila.

Dill', of long.

Long, of Dunkirk by chron (mean)

_o u
IS1" 07". 2 — ii" 18™ 07 .8 —a 1. Is-

i 52.7 —a oo :. i 7 — on 56 7

17 14.5 17 I'M

7'i 27' a

17 II s
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Ellicottville.— Ang. 15, obs'd corr'n to chron. . . — h 15™ 32* 6

Corr'n to chron. by rate, Philadelphia . — 01 00.8

Diff. of long.

Long, of Ellicottville by chron. .

Silver Lake.—Aug. 23, obs'd corr'n to chron.

Corr'n to chron. by rate, Philadelphia

Diff. of long. ....
Long, of Silver Lake by chron. .

Milford.—Aug. 26, 1841. Lat. 41° 19'.0.

Abstract of Observations on the Sun for time.

14 31.8

78° 46'.6

— 1
' 04'" 39".6

—0 01 17.1

03 22.5

75c 59'.3

Bel



GEOGRAPHICAL POSITIONS OF THE MAGNETIC STATION'S.

Table of GeograpJdcal Positions

Taken from special observations; 11. F. Waiting's large map of Pennsylvania;

J. H. French's large map of New York; the U. S. Coast Surve) ;
and from Rail-

road and Canal map of Pennsylvania, Tanner, 1834, and other sources.

Tour of 1840, through Southern Pennsylvania, and
|

Pa.
tt

Philadelphia, Girard College,

Readiui;',

Harrisburg,

Duncan's Island,

Lewistown,

Huntingdon,

Armagh,

Economy

Homewood, near Pittsburg,

Steubenville, Ohio

Wheeling, ^ A -

Johnson's Tavern, near Brownsville, Pa.

Frostburgh, Md.

Irwin's Mill, near Mercersburg, Pa.

Baltimore, Md.

Frenchtown,

art of Ohio, Virginia, and Man land.

Longitude.

T5 in' a

75

Latitude.

39° 58'.4

19

16

25

35

30.5

'2
'.I

37

40

40

40

40

40

40

40

40

40

40

39

39

39

39

39

28

25

(IS

59.5

41

47

1T.S

35

76

77

77

7S

79

so

79

55

53

(II

36

04

16

59 ."

so 39

so 42

79

78

77

76

75

47.8

56

56

36.6

51

Tour of 1841, through Northern Pennsylvania, and pari of Ohio and New Fork.

Latitude I gltude

40° 18' 75° Id'
Doylestown,
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Belvidere,

Bath,

Owego,

Silver Lake,

Milton!,

Bushkill,

N. V.

Pa.

Tour of 1843, through New York, and part

Princeton,



DISTRIBUTION OF THE MAGNETIC DECLINATION.

Distribution of the Magnetic Declination for the Epoch, 1842.0.

Prom ill" comparison of Observations for secular change, wc have :

—

Uarrisburg, annual increase . 1'.5

Johnson's Tavern, " ..... 2.2

Philadelphia, " ..... 3.2

Williarasport, " . . . . .2.6
Erie, " ..... 3.0

Bath, " ..... 3.6

Mean . . . .2.1
Toronto, between 1 845 and 1 855 (see Vol. III. of the 01>s'ns) . 2.3

General Table of results referred to the common epoch 1842

No.
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No.
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DETERMINATION OF THE MAGNETIC INTENSITY AND DIP,

L834-5, is Hi, 1841, AND L843.

Determination of the Magnetic Intensity.

A. Relative horizontal intensity by vibrations of a bar (needle A), and of a

cylinder (needle C).

1). Relative total intensity by deflections of Lloyd needles with weights.

C. Magnetic inclination.

Correction for Temperature to the observed Time of Vibration.

The coefficient of temperature m has been determined by special experiments

which, together with the result, are published in the Trans, of the Amer. Phil.

Society, Philadelphia, Vol. V. new scries, Part III. 1837, Art. XXVIII. -On

the relative borizontal intensities of terrestrial magnetism at several places, b\ A.

D. Bache and E. H. Courtenay."

The bar is called in that paper needle A, and the cylinder needle ('; on page

413 the value of the temperature coefficient is stated as follows:

—

For the bar, m = 0.000117

For the cylinder, m = 0.000052

Let T = time of oxidation at temp, t

ml a a u
I'

then T = T \ 1 - m ((' - t)

j

The above numerical values were used in reducing the time of 10 vibrations to

the adopted standard temperature 00° Fahr.

log /// for the bar, 6.068186

log m for the cylinder, 5.716003

( 18 )
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Magnetic Survey of 1840-41.

Recapitulation of Magnetic Results at, Girard College, Philadelphia.

Time of LO vibrations, reduced to temp. 60°, and correction I'm- loss of magneti

l!»

Date
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.

1 [arrisbun

Huntingdon

I [omewood

Johnson's Tavern

[rwin's -Mill

Ball imore

Date

July 25, is hi

Jiilv 30, 1840

Aug. 13, MH)

Aug. 18, 1840

Aug. 24, 1S40

Aug. 27, 1840

Cylinder
.i bai

c
i:

c
B

C
B

('

i:

B

I tbnerved time of 10
i i Bdura 'l

ISO .

:;i 833
37.150

34.682
37.042

34.994

37.292

34.332

36.596

34.410

36.482

36.342

I
lui- lime

..flu fib as

nt Philadelphia.

Relative i

intensity, Phila-
delphia 1.1 ii

:;i 192

36.780

Mian

34.500

36.783

Mean

34.521

36.792

Mean

34.528

36.795

Mean

34.537

36.798

36.801

0.9805

0.9802

0.9803

0.9896
0.9861

0.9732

0.9733

0.9732

1.0114

1.0109

1.0112

1.0068

(1.117)
1

. temp.
dunbtful.

1.0252

VYilliamsport

Curwinsville

Mercer

Erie

Ellicottville

Batli

Silver Lake

MilCiril

July 28, 1841

Aug. 1, 1X41

A ug. 5, 1 * 1

1

Aug. 9, 1841

Aug. 16, I s4

1

Aug. L9, Is4l

Aug. 23, is ii

C
B

C
B

C
B

('

B

C

c
B

\m 26, Mil ('

B

35. 540
37.682

35. 179

37 595

35. 199

37.571

36. 137

4 1.035

36.787

38.939

3(1.031

30.315

36.530

38.654

36 582

38 738

34.750

36.841

Mian

3 1 753

36.843

Mean

34.757

36.846

Mean

34.762

36.850

34.700

36.854

Mean

31.772

36.856

Mean

34.778

36.858

Mean

34.781

36.860

Mean

0.9560

0.9559

0.0500

0.9595
0.9604

0.9600

0.9586
0.9618

0.9602

0.9102

(0.8004)
'.'.. ,-|. I, in."' C' !:

ervations.

0.8933

0.8958

0.8945

0.8865

0.8788

0.8826

0.9064

9092

0.9078

0.0030

0.005 4

0.9046
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Magnetic Survey of L843.

The trip in ls|:j occupied less than one month, and Bince the needles were
again vibrated after returning to Philadelphia, we adopt the same rate of change
as found in is K) and 1841, viz.: for the cylinder + 0.00127, and for the bar

+ 0.00064.

We have at Philadelphia

—

Time of 10 vibrations, reduced to 60°, cylinder 35\045, July 20, 1843.

bar 36.914.

Station.
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have, from Dr. Locke's observations at Baltimore in 1841, at St. Mary's. 4.261; at

the city, 1.238; mean. 4.250; which gives for Philadelphia 4.146. At Philadelphia

we have Prof. Loomis' determination in 1839, 4.149 (Chestnut Street), and Dr.

Locke's, 4.172, at the Girard College, the mean of which will be 4.160. This value

may he adopted for the 1840 scries.

For the stations occupied in 1841, the mean of the absolute values used in 1840

and 1843 for Philadelphia, viz., 4.166, has been used as the base number.

Accordingly, we obtain the following magnetic horizontal intensities, expressed

in terms of the absolute scale (British units):

—

Barrisburg ....
Huntingdon ....
Boinewood ....
Johnson's Tavern

Irwin's Mill ....
Baltimore ....
Philadelphia (base)

Williarasport ....
Curwinsville ....
Mercer ....
Erie .

Ellicottville ....
Bath .....
Silver Lake ....
Milford ....
Philadelphia (base)

Philadelphia ....
Union Collegi Schenectady

Syracuse ....
( leneva.....
Niagara Fall.- ....
Toronto (base i

...
Ogdensburgh ....
Montreal ....

Connection of tlu European and American Series of 1*:!(>, 'ML '38, "//'/ 1840.'

The series of observations made in Europe in the years 1836, '37, and ":is. when

the same cylinder and liar magnets were used, previously and subsequently used at

Philadelphia and other places, give us additional means of introducing the absolute

measures of the horizontal force, though in a somewhat circuitous way.

According to General Sabine, the total force at Woolwich, in June, 1846, may
he taken at Kt.oSS; Dr. Lamont thinks that the total force in Europe has hut a

small, if any change; we may therefore take 10.388 to represent the total force in

1840.
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1836 and ':)', the dip was observed bj me al London (al W estbourne Green) and
found to be 69° 17'.8 in June, L837. The adopted annual decrease of the dip
being 2'.4, we have the dip at London, in Nov. L836, 69° 1!)'.'.', and in I i b. L837,
69° L8'.6. The horizontal intensity at. London (Woolwich) becomes therefore in

Nov. L836, 3.669, and in Feb. L837, 3.670, and in June, L837, 3.672. From the
general table of results we have further the relative horizontal intensities at Edin-
burgh (Feb. L837), at Dublin (Nov. 1836), and at London (June, 1837), 0.841,
0.879, and 0.939 respectively, whence the horizontal intensities, in absolute measure,
at these localities and times, are for Dublin 3.436, and for Edinburgh 3.287. At
Philadelphia, the vibrations of the bar magnet and magnet B were observed in

Sept. 1836, and also afterwards at the above European stations from which, in mj
manuscript record, the relative intensities wore deduced as follows: Philadelphia

1.0000, Dublin 0.8300, and Edinburgh 0.7957. Using the above absolute values

for Dublin and Edinburgh, Philadelphia becomes, from comparison with Dublin,

4.1 -40, and from comparison with Edinburgh 4.131, mean of the determinations

4.136. The difference in the intensity at Girard College and the house in Chestnut

Street we find, by comparison of Prof. Loomis' observations in 1839 (4.1 1!)), with

Dr. Locke's in 1841 (4.172), is 0.023, hence the magnetic intensitj at Girard

College in Sept. 1836, from comparison with the European stations, becomes

4.159; the value actually used for the survey in 1840 was 4.160, and since- the

effect of the secular change for this interval of four years must be small, then is

no reason for changing the value adopted, it being correct within the limits of

uncertainty of the several comparisons.

For comparison and the effect of secular change in X, we have the following

collection (from Mr. Schott's report of Jan. 1!>. 1861, CJ. S. Coast Survey Report

of 1861):—

At Philadelphia.
X.

is:;., o Bachc & Courtcuaj ..... 1. 195

1836.1 Baehe .... . 1.159

1839.5 Loomis . . . . . . .4.149
L841.5 Locki . . . 41.172

1842.5 Locke . . . . 4.174

1842.8 Lefroj ... 4.176

1843.6 Bache . . . 4.172

1841..". Locke .... 4.162

1846.4 Locke ... . 4.143

1855.7 Schotl .... t.226

1862.6 Schotl . . 4.08J

A i Baltimore.

1840."! Bache . . .... 4.265

L841.5 Locke . . . t.261

1841.5 Locke ... . 4.238

1842 8 Lcfroj . . • • 1238

1856.7 Schotl ....... 4.203
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Al New York,
x.

1822.5
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interval of a month, the loss of magnetism of the Lloyd Needles is too small to
require any correction.

I'ii/,/, of U< suiting Dips.

At those stations where the Lloyd needles were used, the dip was obtained bj
applying the correction e to the results by the needle when unloaded; when the
dip was also observed in the ordinary way, the result bj the Lloyd needle
allowed the weight one-half, as it depends on half the number of observations.

Ri 'Milts for dip in 1
s in
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Results for Dip in 1843.
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.

Relative Intensities by tin- Lloyd Needles.

Tempt rature correction.—For the old London weights.

No special observations to determine the temperature coefficient have boon made,

we may deduce it, however, from the following combination of observations at the

Girard College Station, Philadelphia:

—

For Floyd Needle No. 1.

July21,1840, t=76°.5 «=_l°09'.!i (weight in third hole).

on. 28, 1840, 52.0 + 1 28.9

it = 24.5 A9=- 2 38.8

hence A o = — 6.5 A t

lu Vol. II of the Magnetic and Meteorological Observations at Girard College

(p. 1537), we find the additional observation:

—

July 20, 1843, t = 73°.2 9= + 0°42'.7 (position of weight not stated).

For Floyd Needle No. 3.

July 21, 1840, t = 77°.0 fl = + l°09'.l

Oct. 28, 1840, 50.0 + 2 37.2

At = 27.0 A9 = — 1 28.1

hence a = — 3.3At

In Vol. II of the Magnetic and Meteorological Observations at Girard College

(p. 1537), Ave find the additional observation :

—

July 20, 1843, t =75°.8 8 = + 4° 4S'.0 (position of weight not stated).

The mean of both needles gives = 0'$ 1-4'. 9 (t—f) I

The mean temperature would have to be taken as the standard temperature to

which all observations for relative horizontal intensity are to be referred.

\ . B. For the old weights the sign of the angle has significance.

These weights wore also used in Europe.

We may safely assume that within the interval of the survey the needles have

not perceptibly lost in their magnetism. The total intensity is also very nearly

constant for any one place.

Temperature Correction.—For the new or pin weights.

Lloyd Needle No. 1.

Oct. 28,1840, t = 52°.0 = 17°15'.3 (pin in third hole).

\pril 26, 1841, 68.0 18 06.7

July 20, 1841, 92.5 17 54.5

Lloyd Needle No. 3.

Oct. 28,1840, 1 = 50°.0 ?=19°23'.0 (pininihinlh.de)

April 26, 1841, 68 13 55.9

.July 20, 1841, 87.6 19 31.4

From these observations it would appear that the incidental errors of observation,

or other accidental causes, exercise a greater influence on the resulting angle than

the change due to changes of temperature within the above range.
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I have therefore concluded to apply no temperature correction to the observations
in which the old London or the pin weights were used, which m anj case would
necessarily be small.

In Vol. II of the Magnetic and Meteorological Observations at Girard Coll.-,'.

we find the following additional observations' (see |>]> 1537-8 1540 1842-3
1.)!.>):—

Lloyd Needle No. I.

July 20, 1843, t = T5 8 = 18°26'.] (position of pin not stated).

Sept. 5.18-13, 82.8 is 36.0 (pin weight in third hole)

Lloyd Needle No. 3.

July 20, 1843, t = T3°.3 * = 21°34'.l (position of pin not stated).

Ang. 26, 1843, 82.4 21 42.9 (pin weight in third hi

Sept. 5, 1843, 82.9 21 48.7

Sept. 12, 1843, C2.fi 21 34.0

These observations tend to the same conclusion arrived at above.

Considering the results of 1840 and 1841, and comparing them with those of

1843, it seems, upon the whole, preferable to apply no temperature correction for

either needle or weight.

Computation of the Relative and Absolute Total Intensity by Dr. Lloyd's Statical

Method.

(See Trans. Royal Irish Academy for 183fi, also Report of the British Association for Advancement
of Science for 1835.)

Let h = magnetic dip,

£ = the inclination of a Lloyd needle when unloaded,

6 = " " loaded,

p = ratio of moment of needle to added weight,

cos £
8 = £ 4- f, sin e = p -j~ sin (£-0),

d) = total magnetic force,

8 = a coefficient,

8 eos 6 . 8 cos 6
]

4> = -.-—,-

v
-

/,., tor any other station A, =—

—

jz 5-r.r sin (p— 6)
; Y sm(d,— ft,)

Hence for the ratio of total force at any two stations

—

(p eos sin. (<\— ft,)

<P\ cos ft,* sin (!)— (/)
'

cos ft

In what follows, the relative total force , —2* was computed for each place
sin (d— ft)

' '

of observation.

The mean of these values was taken at all the stations where the total force was

also determined bv the vibrations of the cylinder and bar in connection with the

dip.

1 Made about 20 feet from S. R. angle of observatory.
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.

The total force in absolute measure for each station where the Lloyd needles

alone were used, was then obtained by comparison of its value with this mean value.

The final horizontal force was found by the formula

X=
<J>

cos h.

1840.
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1841.



DISTRIBUTION OF THE MAGNETIC INCLINATION.

Distribution of the Magnetic Dip and Construction of the Isoclinal Lines for 1842.

For the more convenient application of the usual analytical expression for the

representation of the observed dips, and for their interpolation, the stations have

been divided into six groups, as follows:

—

Group I.
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The increase in the dip is therefore very slight, and if we consider that, accord-
ing to Mr. Schott's investigation (Appendix, No. 32, Coasl Survey Beporl for L856)
the dip near the Atlantic coast, about the years 1841—184 I. was at its minimum
value, and hence could not have changed sensibly fur several years, we can without
any sacrifice of accuracy in our reduction, use our results as if all belonging to the
mean epoch 1842.0. No reduction to epoch has therefore been applied. It is pro-

bable that the present annual increase amounts to about 1'. At Toronto, between
1844 and 1855 (sec Vol. Ill), the annual increase was 0'.8.

In the formula of interpolation, 1 retain the factor cos L, thus making it com-
parable with similar expressions, for other localities, where the introduction of cos

L may be more important.'

The value of the magnetic survey of Pennsylvania is increased from the fact that

the isoclinal lines are presented for an epoch at which the dip was probably near

its minimum value.

The conditional equations are of the form

—

=IQ—I+ i + xdL + ydMcos L + zdL dMcos L + pdL2 + qdM2
cos

2 L.

We find from the solution of the normal equations, the expression,

i= 73°.26 + 0.876 c/Z-0.076 dMcos Z-0.023 dL dMcos L + 0.007 dL2+ 0.013

dJP cos
2 L

where dL = lat. —4P.38

dM= lone.— 77.58.

This equation represents the



(i8 MAGNETIC SURVEY OF PENNSYLVANIA.

Group II.
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mination of curvature of fee isoclinal Hues; and, finally, the following expression

was adopted :
—

7= 73°.25 + 0.912 JL— 0.069 dM cos L.

This equation represents fee observations as follows:

—

Group.
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Groi i' III.

Station. OImi rvod dip. - lomp

Frostburgh .

Near Brownsville

Wheeling
Steubeni [lie .

Near Pittsburg

Economy

1 l 52

72.15

72.56

Groi i' IV.

Berlin's Tavern
Mercer
Warren

Ashtabula
Brie .

72 95

73.00

73 39

73 78

7 1 .67

7 1 9]

71.99

72.26

7 2. 2

1

72.46

73.09

7:;. (i2

73 03

73.60

73.85

Dlff, ol i

— computed

- 0°. 15

, 0.02

+ 0.16

+ 0.30

+0.12

—0.21
—0.07
—0.03

—0.(i7

Group A

.

Duncan's Island ....
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.

The probable error of any single observation is + 0°.12 = + 7'. 2; the pro-

bable error of arvj observation with the regular dip needles, and the Lloyd needles

combined, is ± ()°.13: with the latter needles alone, ± 0°.ll. This shows that the

irregularities in the observed dip are due to local attractions rather than to imper-

fections in the needles employed. It is proper, therefore, to assign equal weights

to results by the direct and indirect method of observing.

If we apply Peirce's criterion for the rejection of observations differing too much
from the regular value indicated by all other observations, we find the limit of

rejection to be ± 0°.4(5, or ± 28'
; the maximum difference in the preceding table

is 25'; hence no observation is excluded.

General Sabine's resulting isoclinal lines, in his seventh contribution to terrestrial

magnetism {Phil. Trans. Roy. Soc., Part III, 1846, p. 237), refer to an average

period between 1840 and 1842, and correspond in their position very closebj to

those now presented ; they are deduced from independent data.



DISTRIBUTION OF THE MAGNETIC HORIZONTAL FORCE AM)
TOTAL FORCE.

Distribution of (lie Magnetic Horizontal Intensity and Construction of Isodynamu

Lines for 18 I
.'.

If we group the observed intensities in the same manner as the dip, the mean

epoch 1842.0 may likewise be assumed, and all observed intensities be reduced to

that date.

Correction to Epoch.—We have tin- following direct comparisons:

—



74 MAG X E T I C S U R V B I 1' P E X X S V L V A X I A

At Toronto (Sec Vol. Ill) the annual decrease of X between L845 and 1852

inclusive, wa> 0r0037 (iii absolute measure), or when expressed in parts of X.

0.00105.

Formation of groups for the analytical expression of the distribution of the mag-

netic horizontal force, referred to the epoch 1842.0.

At stations marked with an. asterisk, the horizontal force was determined by

vibrations ; at those not so marked, the horizontal force was determined by Lloyd's

statical method.

Group I.
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Let X = resulting horizontal force,

X = assumed mean horizontal force for 1842.0 at the mean latitude and

mean longitude, x its correction.

dL = difference of latitude, dM= difference of longitude,

x, y, z, p, q, and ^ to be determined from the observations

X = XQ + x + xdL + ydM cos L + zdL dM cos L + pdD + qdJP cos
2 L.

Forming the conditional and normal equations we find the expression

X= 3.890—0.1787 dL + 0.0085 dMcos L + 0.0161 dL dMcos L—O.OOlldL3

+ 0.0027 dlP cos" L.

where dL = Lat.—41°.38

<1M= Long.—77.58.

This formula is applied for determining the relative weights of the observations

from vibrations and by deflections of the dipping needle ; for this purpose the hori-

zontal force was computed by the formula, and the results compared with observa-

tion. From the differences Ave find the probable error of an observation (and local

irregularity) = _+ 0.036 for the bar and cylinder vibrations, and Hr 0.062 for the

Lloyd needle deflections and dip ; the relative weights, therefore, become 754 for

the former, and 257 for the latter, or nearly as 3 to 1. These weights have been

adopted.

Formation of nine groups of five or six observations in each, with weights. The

arrangement is the same as in the case of the dip. The sum of the weights for

each group is, as near as may be equal.

Group I.
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Groi i' III.
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Groi p VIII.
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Comparison of Observed and Computed \ a
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The observed and computed values of X by the previous and last hypotheses,

compare as follows :

—

Station.
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Representation of the Total Force.

From the expressions

X 3.900 - 0.1934 dL + 0.0134 dMcos Z,
/ = 73°.25 + 0.912 dL—0.0690 dM cm L,

we have to deduce the total force <j> = X m I

In the expression for X, dL = iat.— 41°.34 and </.)/_ long. — 77 . 15.

In the expression for /, dL = lat.— 41 .32 and '/J/ - long. — 77 .39
We have in

Long. 81°.00 X= 4.200 ) ..._
Lat. 39.97 / = 71 sjs )

* ~ lo4 '

Long. 77°.50 X= 3.600 1 ,„._
Lat. 12.89 /=74°.676j'

>

Long. 74.00 X= 4.200 ) ,„ ,Q
Lat. 39.60 / = 71°.861

J

9

Assuming; in the expression for the total force,

<p = <pn + / + xdL + ydM cos L,

dL and f/J/as in the expression for Xwe find :

—

$> = 13.55 + 0.0451 dL— 0.00682 //J/ cos /..

The lines of equal total force of 13.45, 13.5, 13.55, and 13.6 pass through the

following positions:

—

L3.45 . . . Long. 81° Long. 77 : .5

Lat. 39° 31' Lat. 3!)° 07'

13.50 . . . Long. 81° Long. 77°.5 Long. 74°

Lat. 40° 37' Lat. 40° 13' Lat. 39° 40'

13.55 . . . Long. 81° Long. 77°.5 Long. 74°

'.at. 41° 43' Lat. 41° 19' Lat. 40° 55'

13.60 . . . Long. 81° Long. 77°.5 Long. 74°

Lat. 42° 49' Lat. 42° 25' Lat. 42° 01'

The observed and computed values of <p at the stations where the bar and

cylinder were employed, compare as follows :

—

n
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ANATOMY AND PHYSIOLOGY OF RESPIRATION IN THE CHELONIA.

CHAPTER I.

In the whole animal series there is scarcely a creature that would he less likely

to suggest itself as a held for discovery than the Turtle. Its temptingly curious

form, its world-wide distribution, its limited means of escape and of defence, would

seem to combine to render it an easy and early object of investigation to the

naturalist. And yet the history of Chelonians is Ml of discordant observations;

functions have been misinterpreted, and even important parts of structure have been

asserted to exist by some, and again denied by others, until at the present day the

uncertain record has forced opinion into error, and permitted the conduct of one of

the most important processes of life, that of respiration, to remain misunderstood,

and the means of its accomplishment neglected and in part unknown. The view

now entertained by the leading authorities upon the subject, that Turtles inspire

by an act of deglutition, as do the frogs, has prevailed from the first, and doubtless

arose from the panting movements of the under part of the throat, common to both

orders, and among turtles, especially observable in marine species. It will be the

object of this paper to show that this view is incorrect, that turtles do not swallow

the air in breathing, but that their respiratory act is effected by inspiratory and

expiratory muscles situated within the trunk.

The solid thorax clearly indicates that Chelonians do not enjoy the perfect

respiratory mechanism of the highest vertebrates. The ordinary tranquil respiration

of mammals, when the ribs are at rest and the cavity of the thorax is enlarged by

the descent of the diaphragm alone, is, however, very strikingly analogous to that of

turtles, in which the cavity of the shield is enlarged by the .contraction of the muscles

of the flanks.

In tracing the anatomical history of the organs of respiration in Chelonians, the

earliest work to which we have had access is a "Dissertation on the Respiration of

the Tortoise," by Robert Townson, LL. D., written at Gottingen, May, 1795; and

as we find in it a brief review of all that was known previously upon the subject,

we have taken the privilege of embodying this rare and interesting paper in the

present sketch. This we do more cheerfully as an act of justice to the author; for,

having conducted our inquiry with a full knowledge of the opinions of modern

1
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authorities, we were surprised, on afterwards learning the singularly truthful views

of Townson, to find the) had fallen unappreciated, and that, in many instances.

they ),;„[ n0 | even been honored l>\ a notice, or, when so noticed, had been men-

tioned only to be condemned.

Physiological Observations on the Amphibia. Dissertation the Thin!, on the

Respiration of the Tortoise. Robert Townson.

The first inspection of the structure of the animals 1 have lately treated of, the

Ranse and Salamandrae of Linnaeus, will show that respiration cannot be performed

in them as it is in man and animals similar to him; the absence of the osseous parts

and diaphragm is sufficient to demonstrate this; and though, on the records of

physiology, there are instances of the continuation of respiration after the mobility

of the osseous parts had ceased, yet, as these were only instances of suffering nature,

where the accompanying assistant, the diaphragm, still continued in full energy, phy-

siologists ought, likewise, in examining the structure of the animals 1 am now to treat

of. the Tortoise-tribe, to have suspected that this function was not performed in them

as it is in us. Yet these hints given by this anomalous structure have either been

neglected or made an improper use of, and the manner of their respiring remains

in the greatest obscurity to the present hour. Before I proceed to show the present,

state of our knowledge on this subject, by giving the opinions of the celebrated

anatomists and physiologists who have written upon it, I will just observe that, as

the impossibility of respiration being performed in the frog-tribe, in the usual man-

ner, consists in the absence of the ribs and diaphragm, so here the immobility of

the whole bones of the trunk, and absence of the diaphragm, form the insuperable

hindrance, and not a deficiency of solid parts as in the preceding; for a modifica-

tion of the ribs and sternum here envelops the avhole animal. The diaphragm,

though said by some to exist, is really wanting. Blasius, however, asserts its

existence, and describes it thus: "Diaphragma insigne admodum, oblique a pectoris

anteriore inferiores<me parte sursum adscendet, lateribus primo, hinc dorso firmiter

adhserens; altiorem adeoque situm in posticis obtinet, quam in anticis, contra ac in

homine, canibus bobus aliisque animalibus ohservamus, ubi anteriora sublimem

majis locum habent posterioribus. Membranosum hoe totum notatur, similiter ac

in avibus variis deprehendimus, nullis fibris carneis manifesto gaudens. Distinguil

equidem thoraeem a ventre inferiore, ast non sit in animalibus aliis: Pulmones enim

cum hie sese in hoc magis, quam illo ventre exhibeant magne parte, diaphragmate

hand includuntnr, imo vix aliqua parte. Extcndit sc supra hepar partesque alias

ipsi adsitas, usque ad vesicam urinariamcui valide adeo uniturtota superficie supe-

riore ut non nisi magno artificio separari queat, Superius pericardio jungitur."

Bnt I am convinced he has taken the peritonaeum for it. I have sought for it in

vain, as well as other zootomists ; neither (iotwald nor Wallbaum has observed it,

and the French academicians, who dissected one near five feet long, say, that "la

tortue a non seulement son ecaille, qui lui sont lieu de thorax, absolument immobile,

mais nous no lui avons trouve n'y de diaphragme, n'y d'autres parties qui puissent

supplier a ce 111011x01110111." This deficiency of the requisite mechanism for respira-
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tion has led some physiologists to explain this important function upon principles

inconsistent with sound physiology, analogy, or experience. Perault attributes the

expansion of the lungs, and consequent inspiration, to the elasticity of the mem-

branes forming their cells; and the expiration to the compression of muscles, of

which, he says, these animals have plenty. " Apparement," he says, "il est neces-

saire de supposer que Pinspiration se fait par le ressort des ligamens durs et fermes

qui composent les mailles qui out etc decrites: en sorte que lorsque les muscles qui

peuvent comprimer le poumon viennent a sc relacher, les ligamens s'etendent et

elargissant les ouvertes de toutes les vessies augment la capacity de tout le poumon."

Varnier boldly asserted that the whole process of respiration, both expiration as

well as inspiration, was effected by the lungs themselves alone, by the means of

their muscular texture, as a muscular network surrounded them, by which means

they could respire by the alternate dilatation and contraction of the vesicules with-

out the aid of the other instruments of respiration. He says, " Je parvins a me

demontrer a moinieme que le poumon de la tortue etoit entoure d'un reseau mus-

culaire (pie par ce moyen ils etoit parfaitement irritable, qu'ils avoit une action

propre, independente des autres agens de la respiration et qu'ils pouvoit inspirer

par lui mSme;" and soon after adds, "le muscle du poumon de la tortue qui produit

un mouvement convulsive," and then says that, "dans le tortue le poumon est cel-

lulaire; les cellules se correspondent comme dans la grenouille; le muscle enveloppe

toute la masse, et en se contractant la remue toute entiere ;" and concludes his

memoire by saying, "le poumon est un organ actif; qu'il est le premier et le prin-

cipal agent de la respiration, et que cette fonction depend, comme dans les amphibies,

de la dilatation et contraction alternative des vesicules qui determinent altemative-

ment la contraction des muscles inspirateurs et cxpirateurs, et cela independamment

de la volonte." Admitting the lungs to possess this muscular texture, which could

not be perceived by Haller and the best anatomists, they would still be ill adapted

to innate by their own power. *We learn, through the Transactions of the lloyal

Academy of Paris, that it was the opinion of Monsieur Tauvry that they breathed

only in walking. " La tortue est enfirmee entre deux ecailles immobiles, et elles

n'a d'ailleurs aucun diaphragme qui puisse servir a une compression alternative des

poumons. Dans cette difficult^ d'expliquer sa respiration, Monsieur Tauvry s'est

avise d'en rapporter la cause an mouvement du marcher; quand la tortue est en

repos, sa t!te et ses pies sont retires sous l'ecaille superieure, et la peau qui l'enve-

loppe entierement est plisse, mais quand l'animal marche, il pousse au dehors sa tete

et ses pies ; sa peau s'etend, puisqu'elle est tiree par ces parties, et par consequent

elle forme interieurement un plus grand cspace, et e'est clans cet espace vuide que

l'air cxttrieur est oblige d'entrer." This explanation, which is very anomalous

with everything we know of this function in other animals, I put to the test of the

following experiments, which proved it erroneous. I took the Testudo orbicularis

in its contracted state, and wrapt it up in paper, binding it all round with bandages

so fast, that the testa and sternum were brought so near before as not to admit the

exit of the head. I then made an aperture in the paper opposite to its nose, and

thus deprived of every motion, I placed it before the name of a candle, yet I found

n. >t onlv that it blew the flame, but sometimes so strongly as nearly to extinguish it.
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This experiment, though conclusive against the opinion of Tauvry, I strengthen by

another; in this I kept the legs nut. binding them very firmly under trie sternum,

the head being contracted as before, yet I still observed that it breathed, ami as in

the former experiment, sometimes with great force. The respiration, therefore, of

the tortoise lias no more connection with its other motions than that of other ani-

mals. But Morgagni, who was, as I-have mentioned in the second dissertation.

acquainted with the manner of respiring in frogs, which 1 have given in detail,

supposes that the tortoise respires in the same manner; for, speaking of the frog,

he says: " Inspiratio autem iis instrumentis per quae inferior buccae pars amplificata

animal contracta aerem in pulmoncs compellit;" and then adds, "quin imo id

ipsum, dum fluvialem quandam testudinem vivam inciderem, observavi invenique,

totam cam partem quae intra cavitatem mandibular inferioris est. multum posse

extrorsum curvari ut hinc an- immitti posset, pulmones vero fibrarum rite firman,

ut hinc a-r vicissim posset remitti." Notwithstanding the high reputation of Mor-

gagni, 1 must dissent from the opinion of the tortoise respiring like the frog. I

will not say that none of the genus do respire in this manner, as I have had no

opportunity of examining any of the turtles. I wish to be understood as speaking of"

the Testudo orbicularis, my observations having chiefly been confined to this species,

though 1 think I may say the same of the gra?ca and palustris. Yet the opinion of

this celebrated man is supported by Coiter and Varnier saying that, after the

sternum is taken off, and the lungs are laid bare, the animal can still innate them.

But if, after the sternum was taken off, the peritoneum cut through, and the lungs

laid bare, these appeared to Coiter and Varnier to inflate, this might not have pro-

ceeded from any power residing in the lungs themselves, nor from any air being

impelled into them by the muscles of the throat, hut by the parts in contact with

them, as the neck before, anil the muscles behind (which I shall soon describe),

shortening them, in which case they would appear more distended, though the

quantity of air within was not increased. The tortoises which T opened 1 never

observed to inflate their lungs as the- frogs do; nor did the anatomists mentioned

by Valentini observe it, for they say, "Pulmones enim depressi remanebent, nee

infiabuntur ah ilia aeris attractione quod fieri potuisset tamen ah animali adhuc

vivente licet capite truncate, quod ego subito, antequam aperiri, curarem, abscindi

jusseram." Yet adds, "Vitalis autem haec testudo actiones habuit horee spatio

absque corde sed et absque capite ; nam pedas movit ad factum nostrum et sine

eodem quoque retraxit." These are the opinions of the older anatomists; and

amongst the moderns I know of none who have said anything on this subject.

Being dissatisfied with them, 1 entered into the investigation by actual observation,

and opened one- for this purpose. The sternum being taken off with great care,

the periosteum presents itself as a strong white membrane like parchment; when 1

had cut through this, I found many muscles inserted into it. particularly over the

lulse and os pubis, which, in the contracted state of the animal, are not far

asunder. Just above tin' OS pubis it is connected to the peritonaeum ;
by this means

these bones, with their muscles, are enclosed as in a bag, having the peritonaeum

ath, and the periosteum above; the scapulae, and their connected bones and

muscles, are enclosed in the same manner. The peritonaeum being cut through,
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and the intestinal canal, liver, &c, removed, the lungs, consisting of two lobes, an;

seen covering nearlj the whole of the testae; (hoy are cellular, as in the frog, and

consist of two lobes, one on each side of the spina dorsi, each of which is sub-

divided into four or five indistinct lobules. The cellular texture of these is not

uniform; the cells of the middle lobules being tin- smallest, and those of the last

lobule the greatest; this lobule is likewise- loose, not being tied down on the sides

nor beneath, the rest are tied down to the spine. My attention was soon called to

observe the structure and office of some muscles in the region of the flanks, which

I observed often to be in motion, contracting and extending alternately, and though

placed by the side of the hind legs, these were not moved by them. Further, the\

were placed at the end of the last lobule of the lungs, and they appeared to retain

their irritability the longest. This was sufficient to lead me to conjecture that

these might be the parts by which respiration in these animals was performed; and

to see them act in their natural position I sawed off, in another tortoise, that part

of the shell which covers them, and I then saw them constantly working. One was

now placed nearly in a perpendicular direction, and another, or part of the same,

was placed nearer the sternum, lying almost in a horizontal direction. The first in

its contraction receded from the testa inwards, whilst the latter, in its contraction,

observed a contrary direction. When I attributed to them the office of expirator

and inspirator muscles, which I supposed them to perform, I was embarrassed,

because I could not conceive how a muscle could be a constrictor with its convex

side; yet when the expirator, by contracting, had receded from the shell inwards,

it appeared, when viewed from without, to be concave. But this difficulty ceased

as soon as I had opened the animal and dissected the parts, for I then found the

following admirable contrivance of nature. This part is composed of two distinct

muscles, with their risings and insertions quite different, yet firmly connected in the

middle by cellular membrane. The first rises from the testa near the spina dorsi,

and is inserted into the peritonaeum; this is the constrictor of the lungs, or the

muscle of expiration. The other is nearly spread over the whole cavity between

the upper and under shell, where the hind legs are drawn in during the contracted

state of the animal, being inserted into the margin of the testa above, and the mar-

gin of the sternum below. The places of insertion of these muscles, and their con-

nection in the middle being known, there is then no difficulty in explaining why

the muscle, while acting as a constrictor, appeared concave, as it was only the

inspirator brought into that position by its antagonist; nor any difficulty in con-

ceiving how they carry on the function of respiration; for the expirator being

connected, as I have already said, to the testa below and to the peritonaeum above,

envelops in a manner the last movable lobule of the lungs; when, therefore, it con-

tracts, it compresses this part of the lungs, and by that means expels the air; then

ceasing to act, the other contracts, and draws the former with it, thus a vacuum is

formed, into which the air rushes, as in the respiration of those animals which have

a thorax.

To prove that this explanation was well-founded, and that the motions of these

muscles were really those of respiration, I made the following experiment. I

fastened on the nose of a tortoise a little valve made of white paper, which covered
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the nostrils, and with the assistance of a friend, 1 watched the motions of the soft

parts lying within the hollow where the hind legs came out, and 1 found that these

motions perfectly corresponded with the motions of the valve, which was put into

motion by the expirations and inspirations of the animal. In this manner 1 con-

ceive respiration to be carried on in the tortoise, without, however, meaning to

extend this explanation to the whole of the genus Testudo, some families of which

I have never yet had an opportunity to examine. These animals will therefore

materially differ from those of the two preceding families in the mode of respiring

;

the air in them being driven into the lungs by the muscles of the throat, which act

like a pair of bellows, whilst in these it is performed by the lungs following the

motions of their containing parts, and they will therefore differ from the animals

having a thorax chiefly in the form and situation of the parts. Respiration is not,

I think, the only office of the muscles which 1 have just described; they are closelj

connected to the bladder, and to them, 1 think, this animal is indebted for the

power it possesses of sucking in water by the anus, as I mentioned in my last dis-

sertation ; but this investigation I must leave to another time.

It will thus be seen, while this close observer fully realized that respiration in the

turtle was not effected by deglutition, but by muscles of expiration and inspiration

situated in the hank spaces, yet, failing to recognize the true office of the anterior

muscles, his conception of the respiratory process was necessarily imperfect and

insufficient, and to this, no doubt, must be ascribed the neglect into which his views

have fallen.

In 1819 appeared the most important contribution to the literature of the subject,

the monograph of Lunovicus IIenricus Bojanos, on the Anatomy of the Testudo

Europaeae. This work being purely anatomical, we have no means of judging

a^ to the author's knowledge of the muscular apparatus concerned in respiration,

except by the nomenclature he adopts, and some details of description. The in-

spiratory muscle and the posterior belly of the expiratory muscle are grouped

as abdominal muscles, and described as the obliquus and transversus-abdominis,

while the anterior belly of the expiratory muscles, under the name of diaphrag-

maticus, is thus referred to: "A corpore vertebrae dorsi quartae et terthe et a

costa tertia oriundus, triplici fasciculo complanato, divergentibus eundo; quorum

bini ad marginem internum pulmonis, sui lateris, descendunt eique agglutinantur

;

tertius vero supra pulmonis anterius extremum revolutes ad peritoneum (a pulmonum

facie inferiore versus cardiam et hepar deflecteus) desinit." It is, no doubt, probable

that these names have been determined by supposed homologies of the muscles, and

yel we may reasonably conclude that Bojanus had not perceived any relationship

between the diaphragmaticus and the transversus abdominis, and did not realize that

the broad fibrous membrane extending between them was their common tendon.

This conception is essential to the full realization of the respiratory process.

(J. De Cuvier, bearing in mind the type of batrachian respiration, regards the

alternate contraction and dilatation of the throal as movements of deglutition of air,

and thinks them a sufficient and the only means by which inspiration is effected.

The r\|>id-ic>n of the air from the lungs he refers to the agency of two muscles in
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the flank, the ohliquus and transversus of Bojanus, at the same time calling attention

to the fact that Townson has erroneously attributed to one of these (the obliquus)

the function of an inspirator. He thinks also that the analogues of the quadratas

lumborum and the rectus abdominis, by compressing the viscera, may assist in

expiration. In his Let;ons d'Anatomic Comparer/, vol. vii. p. 2U>, Duvernoy's edition,

18 H), we find his opinion in detail.

"Lc mOmc mecanismc est mis en jeu dans les chelonicns. La deglutition de

l'air est lc seul moyen dont ils puissent sc servir pour faire cntrcr ce fluide dans

leurs poumons. lis dilatent et contractent leur gorge alternativement, ayant la

bouche ferm^e, absolument comme les batraciens et par les memos puissances. 11

est expulsee par deux pairs de muscles analogues a ceux du bas-ventrc des animaux

precedents. Ces muscles remplissent 1'intervalle posterieur du sternum ct do la

carapace, dans lequcl sc replient les extremites pelviennes dans Fetat de repos, ct

e'est a cet endroit qu'on apercoit dans les chelonicns les mouvements de contraction

et dc dilatation qui, dans les mammifcres, se voient dans toute l'etendue du ventrc.(l)

La premiere pairc ou 1'extcrne r6semblent a 1'oblique descendant, clle s'attachc a

tout le bord anterieur du bassin, a la carapace ct au sternum, et s'etend dans tout

1'intervalle posterieur de ces deux parties. L'interne ou l'analogue du transverse

est compose de fibres transversales s'attachent supericurement a la moitie posterieur

de la carapace pres des vertebres, descendent en dehors des visccres, les enveloppent

ct viennent aboutir inferieurement a ime aponevrcuse moyennc. Cellc-ci passe en

partie sous la face inferieure dc la vessie, ct doit servir a la vider lorsque ces mus-

cles sc contractent. Ils ne comprennent immediatement qu'une petite portion des

poumons ; mais leur action s'excrcant plus fortement sur les visccres du bas-ventre,

ccux-ci pressent a leur tour les premiers organes ct en expulscnt Fair. Les mus-

cles analogues du quarre des lombes ct du droit abdominal qui ont etc decrits (t. i,

pp. 488, 489) doivent aussi comprimer les visccres abdominaux, et par leur moyens

les poumons. Les cheloniens qui ont leur cavite viscerale divise par le pleuro-

peritoine a la maniere de celle des oiseaux, ont une dc ces cloisons cclle qui descend

de la partie anterieure du bouclier dorsal, au devant du foie, constitute comme un

diaphragme par des fibres musculaircs et aponevretiques. Bojanus decrit un muscle

diaphragmatique pair compose de fibres musculaircs epanouies dc chaque cCte sur

cette cloison, que nous avons fait connaitre comme une sorte de diaphragme (t. iv,

2d partie, p. 651). Son action, quoique faible, pent contribuer a, l'expiration en

comprenant les poumons.

"Tent g'tre que les poumons sc contractent aussi par une force proprc que reside

dans lc reseau tendineux qui entre dans leur composition (Art, 11, de cette Lecon,

p. 130).

"N. 1. Je crois l'avoir fait connaitre lc premier (Bull, de la Soc. Fhd. an. xiii,

No. 97, p. 279) en demontrant, contrairement a l'opinion de Townson, que les

muscles du bas-ventrc sont l'un ct l'autre des muscles expirateur. Et cependant

e'est a cet auteur qu'on attribuc l'explication que j'ai donnee en montrant

l'inexactitude de la sienne."

Dumcril et Bibron, vol. i. p. 176, 1834, described briefly the mechanism of

respiration in chelonians thus: air enters the buccal cavity through the nose, then
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the flesh} tongue is applied to the posterior naves so as to close them, and the

mylo-hyoid floor of the mouth contracts, to force the imprisoned air into the lung.

A succession of such acts fills it.

Before entering upon the details of description, it may he well to premise, that

tins anatomical section of OUT paper is intended mainly as an exposition of the

muscular and neural apparatus by means of which the movements of air to and

from the lungs are effected in chelonians, and while, to rend< r the subject more

inteUigible, we shall rehearse the general anatomy of the organs of respiration, we

shall avoid all questions of structure or function irrelative to the point of inquiry,

referring the reader desirous of such knowledge to the more general works on

comparative anatomy.

Underlying the floor of the mouth, and embracing with its cornua the sides of

the pharynx posterior to the jaw, is the hyoid apparatus, or the tongue-bone, Fig. 1,

Fig. 1.

(( £^~
p r, |. ,,, ,,', lesser cornua; b, b\ greater cornua; r, c', cartilaginous processes; d, il\ ossicles for attachment of

suspensory ligaments; e, body of bone ;_/', fenestrum, closed by cartilage; g, articulations of cornua with body.

an instrument conspicuous for the part it has evidently played in fixing upon its

possessor the batrachian type of respiration. It consists of an elongated body,

excavated for the lodgment of the larynx and upper rings of the trachea, and of a

cartilaginous process and two bony cornua on each side, connected with it by mova-

ble articulations. To the extremity of the anterior or major cornu is attached a knob

or ossicle, for tin- reception of the suspensory ligament. This ligament arises from

the mastoid process of the temporal hone of the cranium, and forms the fulcrum on

which the apparatus swings backwards and forwards, moved by alternate contrac-

tions of the genio-hyoid and omo-hyoid, and other muscles of the neck. The hyoid
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bone, in its movements, carries with it (Ik- glottis, and removes it from obstructions

during inspiration. The larynx. Fig. '-\ A and B, cousins of a largely-developed

cricoid cartilage and two arytenoid cartilages. The cricoid rests in the howl of the

hyoid hone, is somewhat helmet-shaped, and has on ils under surface a visor-like oval

fenestrum. This fenestrum is covered by membrane, and is traversed from side to side

by the chiasm of the superior laryngeal nerves, of which we shall speak more fully

hereafter. Superiorly the cricoid presents an oval opening, filled in by membrane,

upon which rest the arytenoid cartilages, one on either side, with the glottic slit

Fig. 2. B

b b'. Cricoid cartilage; c, left arytenoid cartilage;

a', cartilaginous tubercle capping the apex of

the arytenoid cartilage ; a, oval fenestrum of

cricoid, filled in with membrane. b. Cricoid cartilage; a, superior opening; c, trachea.

between them. The arytenoid cartilages, Fig. 2, A, c, are two irregularly triangular

solids, opposing fiat surfaces to each other, their bases incorporated with the superior

cricoid membrane, and their apices extending vertically, and terminating in a small

cartilaginous tubercle. They are the framework upon which the crico-hyoid and

crico-arytenoid muscles act, in closing and opening the glottis. The trachea,

smaller in diameter than the cricoid bulb, descends the neck, inclining to the left

side, until opposite the margin of the shell it divides into two bronchi, which,

curving right and left, open free into the corresponding lungs, at the under and

inner edge, a little behind the anterior extremity. The lungs are two wedge-shaped

sacs, the base of the wedge being anterior. They lie in contact with the vault

of the dorsal shield, and are separated from each other by the large retractor mus-

cles of the neck, the bloodvessels, and nerves. They are anterior and above the

peritoneal sac, except the posterior pointed extremity, which projects into that

cavity, carrying with it a covering of peritoneum. The walls of the lungs being

elastic lend aid to the act of expiration, but as they give no evidence of muscular

fibre to mechanical or galvanic stimuli or to the microscope, it is impossible, for

this and for other reasons, to suppose with Varnier that they possess any intrinsic

power to assist in the act of inspiration.

The turtle which has served us for most of our experiments, is Chelydra Ser-

pentina, the well-known Snapping Turtle of the United States. Selected at first

from the facility with which we could procure fine specimens, we soon found that its

well developed muscular system and its exposed flanks admirably fitted it for the

study of respiratory myology, while its middle rank among Testudinata led us to

expect, in its organization, more striking ordinal characters than we would find in

the extreme marine or terrestrial families. We have therefore adopted Chelydra

2
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s rpentina as our typical turtle, and will describe in detail the apparatus of

respiration as we rind it in this species, noting, subsequently, the modifications of

structure existing in the different genera that we have had the opportunity to

examine. In all turtles we nave found the .general plan of the respiratory apparatus

constant, an inspiratory muscle in each flank, and an expiratory muscle with four

bellies, two anterior and two posterior, connected by a broad membranous tendon,

inclosing the viscera and capable of compressing them against the under surface

of the dorsal shield. The discrepancies characterizing different genera principally

affect the origin of the anterior belly of the expiratory muscle; these may naturally

he arranged in two groups, those in which the origin is anterior (about the second

rib), (see Fig. 5) and extends nearly across the width of the shield, and those in

which the origin is posterior (about the third or fon'rth rib), and in extent more

limited. The specimens we have had the opportunity to examine are too few to

enable us to determine whether this structural diversity can be received as an element

in determining generic rank. We will content ourselves, therefore, at present, with

the description of each specimen, including a brief notice of its habits and shell-

measurements, which may serve as a nucleus for future and more extended

observations.

Chelydra Serpentina is a carnivorous turtle living in the water, under bank-eaves,

or at the bottom of streams, and yet capable of moving over the land with facility.

The under surface of the body is much exposed, the plastron being small and

cruciform, and connected with the carapace by a narrow bridge, which widens to

join the fourth, fifth, and sixth ribs. The flank spaces are large, flat, and unpro-

tected, and the extremities incapable of complete retraction under the shell. The

height of the trunk compared with the width and length of the carapace is as one

to three and three and a half.

Carefully watching the animal while breathing, we notice synchronous move-

ments of tin- trunk, of the throat, and of the glottis within the mouth. With the

first element of the respiratory act, expiration, the glottis opens, the hyoid apparatus

descends and widens, the shoulders sink and the Hanks become increasingly con-

cave; then follows immediately the inspiratory effort, the glottis remaining open,

the throat narrows, the flanks become tense, and the shonldcrs arc pushed forwards

as tin- act culminates; afterwards the muscles relax, the glottis closes, and the

creature is at rest until again impelled to renew the air in its lungs, when the same

sequence of expiration, inspiration and pause is repeated.

We shall follow the order of the elements of the respiratory act in describing tin-

apparatus by which it is effected. And first, of the muscles of expiration. For

the purpose of dissection, it is desirable to place the animal upon its back and fix

it, by extending and securing its head, tail, and extremities. Separate with a saw

the bony bridges connecting the plastron with the carapace, and sweeping a knife

close to the inner surface of the former, divide from before, backwards, the deltoid,

pectoral, pelvic and flank muscles, the acromial articulations posterior to the first

pair of sternal bones, and the loose cellular bands binding the visceral sac to the

middle line. This permits the removal of the plastron. Drawing the shonldcrs for-

ward, cut the ligaments, holding the scapulae to the spine anterior to the first rib,
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which loosens the entire muscular and borfy mass, and facilitates its detachment,

The section should be made with the lung partially inflated, t<> secure from injury

the anterior belly of the expiratory muscle, which lies in contact with the posterior

surface of the serratus magnus. The further removal of the tissues of the flank,

and their careful separation from the posterior belly of the expiratory muscle to

which they are adherent, completes the exposure.

Looking at the result of our dissection, we find a tendinous and muscular sac

occupying the dorsal shield, filling its entire width in the middle and most of its

length ; its general form is cordate, the apex dipping into the pelvis, and its anterior

notch giving place to the heart and the muscles and vessels of the neck. Much

the larger portion of the sac visible is tendon (Fig. 3, g, g'), and has hitherto been

regarded as peritoneum, but a closer scrutiny would have revealed its fibres gather-

ing from all sides towards an oval centre, in which they are inseparably interwoven.

The tendon in many places can be lifted from the peritoneum, by which it is lined.

Curving around its anterior and posterior borders are muscular fringes (Fig. 3, d, <!'

and c), the fibres running from the carapace in lines parallel to the long axis of the

trunk. These are the anterior and posterior bellies of the expiratory muscle, the

diaphragmaticus and transversus abdominis of Bojanus. These muscles are inserted

into the common tendon, and in contracting compress the contained viscera against

the shell and expel the air from the lungs. Dividing the tendon through its

middle from side to side, and removing the abdominal organs and permitting the

lungs to collapse, we are enabled to obtain a satisfactory view of the origin of these

muscular bellies from within.

The posterior belly arises from the pelvic fascia from a point opposite the

anterior third of the ilium backwards to the spine, from the eighth vertebra, and

by tendinous fibres from the carapace as far as the sixth rib, the line of origin

slowly leaving the spinal column as it reaches forwards. Turning outwards at an

obtuse angle, after joining the sixth rib, the muscle follows its posterior edge until

near its extremity, where it inclines forwards and terminates at the fifth rib as it

joins the marginal plates, a point corresponding very nearly with the pelvic end of

the suture connecting the carapace and plastron.

From this sigma-shaped origin the fibres curve backwards and downwards, embrac-

ing the abdominal viscera, and unite with the tendon below, forming a regular and

well-defined line, varying in position as the muscle is contracting or at rest. Fig.

3, c, represents the lungs distended and the muscle relaxed. This belly, considered

by itself, is a strong membranous muscle, somewhat triangular in shape, the apex

being at the edge of the shell, and the base at the pelvis. In a turtle weighing

sixteen pounds, the fibres at the apex measured one-half inch in length, while in

the middle and at the base they measured respectively five and one-half and four

inches.

The anterior belly arises from the vertebral margins of the second and third

intercostal spaces, from the second costal arch, from the second rib along two-thirds of

its length, and across the carapace in a line curving backwards and outwards, from

the third and fourth ribs, near their junction with the marginal plates. It will thus

be seen that the outermost origins of the anterior and posterior bellies closely approxi-
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mate above the plastron where it meets the upper shield, while at the middle line

of the body the origins are separated by the distance of the eighth from the third

vertebra. The fibres composing the anterior belly are close and firm for the outer

Fie. 3.

Fig. 3. Muscles of inspiration anil expiration.

—

a •' "
>

', margin of carapace; 1 1', portion of plastron in position
;

c, post.Tin r belly of the expiratory muscle on the right side ; d d', anterior bellies of the expiratory muscle ; e,

reticulated portion showing the lung beneath ; fj '. inspiratory muscle of the left side ; f", central tendon ;

/ '",

tendinous ligament
; g g', tendon of expiratory muscle ; A, muscular fibres beneath the tendon g g', ami attache,!

to the lung.
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hall', while those capping the inner portion are fewer in number and reticulated,

permitting the lung to be seen through their interspaces. (See Fig. 3, r.) The

part of the muscle which arises from the vertebrae covers that triangular surface

of the lung which looks towards the interpulmonary notch, while that of cestui

origin spreads over the anterior face of the lung, sheathing its entire thickness

when the organ is fully inflated. A lew of the fibres capping the anterior and

superior extremity of the lung continue their course over the under surface of that

organ, spreading fan-like towards its outer edge, and being inserted into its adherent

peritoneal covering. They are represented by the dotted lines (Fig. 3, h). These

fibres are much more largely developed in some other genera, and seem to have

the power of drawing the lung in towards the spine, and keeping it well under tin-

viscera when compressed during expiration.

The inspiratory muscles (Fig. 3,.//'') are to be sought for in the flank spaces at

the under and posterior portion of the trunk, into which the hind limbs of the

animal are drawn during repose. There is one muscle in each flank, superficial,

and readily displayed, by reason of the loose cellular connection it has with

the tissues concealing it, Turning aside the skin and fascia loaded with adipose

matter, as it often is in this locality, we at once expose this beautiful sheet of mus-

cular fibre, during contraction, stretching like a drum-head over the entire space,

and fitting closely its irregular boundary. Through its centre, from before back-

wards, runs a flat tendon (Fig. 3,/"), averaging in width one-sixth of the breadth

of the muscle, and receiving throughout its length, on both sides, the insertion of

fibres. It is usually a single band, but in several specimens we found it irregularly

double, being divided by islets or patches of muscular fibre. In some form,

however, it exists in all Chelydra, and constitutes a striking feature of the muscle,

its white pearly hue contrasting boldly with the crimson fringes between which it

is placed. In some families it loses its significance, dwindling to a central raphe,

or more rarely is absent altogether. The direction of the muscular fibres is

transverse, especially in the anterior part of the space; behind and outside of the

tendon they diverge to accommodate themselves to the circular sweep of the

carapace. Being attached to no other mobile part than the central tendon, we may

consider that as their insertion ;
their origin embracing the entire circumference of

the space. Beginning with the posterior sternal bone, we may trace its fibres coming

from the inner edge of the plastron, where it curves around the flank, from within

the marginal plates of the carapace, from the fascia filling the space posterior to the

sacrum, and along the pelvic muscles from a ligament, the counterpart of Poupart's

ligament in man, stretching between the ilium and pubis. The fibres arising from

the anterior end of this ligament underlie the lowest fibres from the plastron, and

give to the latter a falciform appearance, represented in (Fig. 3, /"'). On the upper

side, the inspiratory muscle is attached by cellular tissue to the posterior belly of

the muscle of expiration, and by the contraction of this latter muscle during the

.

expulsion of air from the lung, is carried downwards and forwards into a strongly

concave position, most favorable for its own subsequent effort.

The capability of the turtle to hold the air in its lung at will, or when sub-

jected to great, external pressure, as must constantly occur in marine species,
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Fig. 4. Glottic, muscles and nerves.

—a a', crico-hyoid; the mnsole

overlying it in the erico-aryte

ii"!ii
, 6, superior laryngeal nerve

;

communicating branch

branch to orico- arytenoid; !•'".

brauch to crii o hyoid ; c, recur-

rent laryngeal; dd', glottic slit;

e, point of hyoid bone
; f, tongue.

is determined by two pairs of muscles situated about

the glottis, and controlling its movements. These arc

the crico-arytenoid and the crico-hyoid bf Bojanus; to

the former is intrusted the opening of the glottic lips,

while the latter, acting as a sphincter, serves to close

them. Tlte cricoarytenoid (Fig. 4) lies beneath the

mucous membrane, superficial to the crico-hyoid, and

crossing it nearly at right angles. It arises from the

sides of the cricoid cartilage anteriorly, and is inserted

into the body and vertical limh of the arytenoid as far

as its extreme point.

The crico-hyoid (Fig. t, a a') arises from the bod)

of the hyoid bone anterior to the depression tor the

larvnx. its middle resting upon and exterior to the

arytenoid cartilage. It is inserted into the cricoid car-

tilage at its anterior raphe. The muscles of the two

side> approximate each other at their origins, and in-

terlace at their insertions, forming an elliptical muscle

surrounding the rima glottidis.

Our opportunities for studying the arrangement of

the respiratory muscles in other turtles than Chelydra

have been limited to the representatives of two families,

Chelonioidse and Emydoidae.

Among the Chelonians we have examined but one species, Chelonia mydas, the

Green Turtle of the Atlantic Ocean. lt> habits an- entirely aquatic, seeking the

land only for the purpose of depositing its eggs. The body is flat, the under

surface well covered by the plastron, leaving, however, naked flank spaces, as in the

snapper. The union between the plastron and carapace extends from the second

to the seventh rib. The inspiratory muscles occupy the Hanks, arising a half

inch or more within that part of their boundary which is formed by the plastron.

The central tendon exists, and is wide and irregular, and extends the whole length

of the muscle.

The origin of the expiratory muscles is similar to that found in Chelydra ; the

muscular bellies are shorter, however, and the common tendon broader and longer

in accordance with the shape of the turtle.

The dimensions of the shell are— length, 38 inches; width, 28 inches; elevation,

1 'A inches.

A.mong the Emydoidae we have examined individuals from eighl genera, and

find them to present considerable variations in the origin of the anterior belly of the

muscle of expiration. And as these differences seem to characterize groups in

harmony with the subdivisions of Agassiz, founded on minor differences of form

observed in this family, we shall follow his classification in their description.

The firsl subdivision suggested by this distinguished observer, and styled Xec-

temydoidse, is thus characterized : "The bod) is rather flat. The bridge connect-

ing the plastron and carapace is wide, but Hat. The hind logs are stouter than the
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fore legs, and provided with a broad web, extending beyond the articulation of the

nail joint. The representatives of this group arc the largest, and must, aquatic of

the whole family." Of the genera included in this sub-family we have observed

four: Ptychemys, Graptemys, Malacoclemmys and Chrysemys.

Fig. 5.

Fig. 5. Diagram of carapace of turtle, showing with the dotted lines the two principal types of origin of the

expiratory muscle. The left side of the diagram shows the line of origin in the most aquatic species. The

right side that of the most terrestrial. The numbers indicate the ribs.

Ptychemys rugosa, Ag.—The inspiratory muscles are found in the flanks as usual,

but they have no central tendon, a simple line or raphe marking the junction of

the converging fibres.

The anterior belly of the expiratory muscles arises from the vertebral margin of

the fourth and fifth intercostal spaces and from the surface of the fourth rib near

its posterior edge for a distance one-third its length. From this right-angular

origin the fibres diverge, expanding over the upper and anterior surface of the

lung, to join the common tendon at the anterior and inferior pulmonary margin.

The fibres extending back on the under surface of the lung, as indicated by the

dotted lines (Fig. 3, h), are numerous and large in this species, and seem almost to

foreshadow the muscular separation between the thoracic and abdominal viscera

in higher vertebrates.

The posterior belly in its origin presents no variation from that of the Snapper.

Its outermost fibres, however, are much developed, forming a muscular band which

reaches forwards nearly as far as the anterior junction of the carapace and plastron.

The dimensions of this turtle are—length, 11 inches; width, 8^-, inches; and

elevation, 5 inches.

Ptychemys mobiliensis.—Shell measurements. Length, 13J| inches; width, 9T
*
?

inches; elevation, 6-L inches. The general shape and appearance of this turtle

resembles P. rugosa. The anterior and posterior extremities of the bridge con-
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necting the plastron and carapace are much more strongly involute than we have

observed in any other species. When the shell is separated, they appear like four

projecting keels directed inwards each other, the front ones looking inwards and

backwards, and the posterior ones looking inwards and slightly forwards. The con-

cavities thus formed before and behind, external to the keels, lodge projecting por-

tions of the lungs. The anterior and posterior keels projecting into the space usually

occupied by the air sacs, deeply indent them, and cause them to present alobulated

appearance, which they retain when removed from the shell. Besides these four

large indentations, there are smaller ones, in the edge of the lungs, one in front and

two or more between the keels. To the inner side and behind the posterior keel

lies the large posterior lobe occupying chiefly the flank space immediately above

and in front of the inspiratory muscle. The reticulations of its interior structure

are much larger and more coarsely marked than those of other parts of the lung.

The anterior belly of the expiratory muscle arises from the vertebral margins of

the third and fourth intercostal spaces, and from the carapace in a line diverging at

an angle of 30° from the spine for the space of two inches, crossing the fourth rib.

From this origin the fibres cover the front of the lung, the anterior and interior ones

being distributed as in P. rugosa, and owing to the intrusion of the anterior keel upon

the lung, the external fibres are displaced, so to speak, with the portions of lung to

which they belong, which portions lie immediately back of the ridge or keel so often

referred to. The largest band of those lateral fibres finds its way between the two

lobules of the lung which lie first and second in order of succession behind the ridge.

The posterior belly arises from the pelvic fascia, from the eighth and seventh verte-

brae, and from a curved line whose convexity looks forwards, and which terminates

in front of the posterior projecting keel about two and a half inches above the pos-

terior angle of junction of the carapace and plastron. This line is rendered more

sharply convex at its external third by the projection inwards of the keel alluded to.

The muscular fibres curve around the posterior part of the lung. The inner ones for

half the width of the muscle are about two and a quarter inches long; and from this

point they increase gradually in length to the external edge, where they are longest,

extending forward in a tongue-like band about five and a half inches. In the single

specimen examined we found on the left side a few additional fibres reaching forwa n Is

and inwards at least two inches beyond the main body of the muscle. The inspira-

tory muscle arises as in P. rugosa. It has a linear central tendon, bifid at its pos-

terior extremity, the shorter terminating arm being external. Into the tendon and

its branches the muscular fibres are inserted as in other species.

In Graptemys geograjphica, Ag., the inspiratory muscle is, in its general features,

the same as described in other species, and differs only in not having even a central

raphe, the convergent fibres interlacing at the middle of the muscle in an imperfect

network which serves to replace the tendon usually found in this situation. The an-

terior belly of the expiratory muscle arises from the vertebral margin of the third

and fourth intercostal spaces, and continuously from the costal margin of the third

space nearly its entire circumference, and from the surface of the fourth and fifth ribs.

The lines of origin diverge at an angle of 30° from the anterior margin of the third

intercostal space, and in this specimen, the inner line bordering the spine measures
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three-fourths of an inch, and the outer one; stretching along the intercostal space

and across the shield, one inch and three-eighths ; from this origin the fihres spread

over the anterior part of the lung and arc inserted into the common tendon and

into the peritoneal covering of its under surface. The posterior belly is similar to

that of P. rugosa, the muscular band underlying the bridge which joins the carapace

and plastron being somewhat wider. The dimensions are—length, 8| inches;

width, (! inches; elevation, 3j inches.

In Malacoclemmys palustris, Ag., the inspiratory muscle is the same as in Geo-
graphica. The anterior belly of the expiratory muscle arises from the third and

fourth spaces at their vertebral margins, and from a line running across the shield

to the fourth rib, diverging at an angle of about 70°.

The posterior belly is like that of geographica. The dimensions are—length, 7

inches; width, 42 inches; elevation, 3| inches.

Chrysemys picta, Gray.—Inspiratory muscles as in E. terrapin. The anterior

belly of the expiratory muscle arises from the vertebral margins of the third and

fourth intercostal spaces and a slip from the fifth, and from across the carapace to

the junction of the fourth and fifth ribs, the divergence being about 30°.

The posterior belly as in geographica. Dimensions—Length, 4| inches; width,

3| inches; elevation, 1| inches.

Of the second and third subdivisions we have examined no specimens. The
fourth, Clemmydoida?, is characterized by "their more arched though elongated form,

and the more compact structure of their feet, the front and hind pairs of which
arc more nearly equal, and their toes united by a smaller web ; they are less

aquatic and generally smaller than the preceding." Of these we have dissected

representatives of three genera, Nancmys, Calemys and Glyptemys.

In Nancmys guttata, Ag., the inspiratory muscle presents no peculiarities. The
anterior belly of the expiratory muscle arises from the vertebral margins of the

second and third intercostal spaces and from part of the fourth, and from the posterior

edge of the second rib as far as its extremity ; from this extensive origin the fibres

descend over the lungs, covering the front and anterior part of their lateral walls.

The posterior belly resembles that of the Snapper. Dimensions are—length,

4^; inches; width, 2$ inches; elevation, l T
9
g inches.

In Calemys Miihlenbergii, Ag., the muscles are the same as in guttata. Dimen-

sions—length, 3s inches; width, 2S inches; elevation, If inches.

In Glyptemys insculpta, Ag., the muscles are the same as in guttata. Dimen-

sions—length, 4
r
3
g inches; width, 3T

7
g inches; elevation, 1| inches.

In the fifth subdivision, Cistudinina, "the body is remarkably short and high,

slightly oblong, and almost round. The plastron, which is movable upon itself

and upon the carapace, as in the Evemydoidre, is also connected with the carapace

by a narrow bridge ; but the feet are very different, the toes, as in the Tcstudinina,

being nearly free of web. Their habits are completely terrestrial." Of this sub-

family we have examined one species, Cistudo Yirginea, Ag. The flank spaces

in which the inspiratory muscles play are extremely deep, owing to the high

carapace. The amount of muscular fibre is relatively greater than in the other

turtles, and the central tendon is narrow, and irregularly triangular in shape. The
3
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anterior belly of the expiratory muscle arises from the vertebral margins of the

second and third intercostal spaces and from the second rib throughout its length.

The posterior belly is like in origin to that of other Emydoidee; the muscular

fibres are longer, however, and terminate squarely in the tendon, as docs also the

anterior belly.

for convenience of reference, we have thrown into a tabular form the measure-

ments and muscular origins of the above genera.

Specie*.
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and the sixth to those fibres connecting the central tendon and carapace. Section

of the medulla spinalis in the cervical region effectually intercepts communication

between these nerves and their usual source of excitation. Under these circum-

stances the muscles of the trunk remain at rest, although the movements of the

glottis indicate that the creature feels the respiratory need. These glottic move-

ments continue normal even after the further section of both pneumogastrics.

The respiratory nerve of the larynx, the par vagum, emanating from the medulla

oblongata, passes out of the cranium at the posterior jugular foramen, and courses

down the neck within the sheath of the cervical vessels. Soon after leaving the

skull, it gives off the superior laryngeals, and low down in the neck, opposite the

aorta, the inferior laryngeal, the two branches that interest us at present.

The superior laryngeal (big. 4, &), soon after separating from the parent nerve,

approaches the major cornu of the hyoid bone, and under shelter of its pos-

terior border, follows it closely to its junction with the body, then winding

spirally forwards, it crosses the articulation, and runs along the margin of the

excavation in close proximity with the larynx. In this position it gives off three

principal branches. 1st. A communicating branch (Fig. 4, V); 2d. A branch to

the crico-arytenoid, or opening muscle of the glottis

(Fig. 4, &"); and 3d. A branch to the crico-hyoid or

glottic sphincter (Fig. 4, &'"). The communicating

branch (Fig. G) is a relatively large nerve, but has

hitherto escaped observation ; it is easily brought into

view by dividing the trachea and lifting it forwards. It

passes beneath the larynx directly from side to side,

traversing the membrane of the cricoid fenestrum, about

its middle. It is composed of fibres derived in part from

each of the superior laryngeal nerves, which cross each pjg . g. The intercommunicating

other, to be distributed to the glottic muscles of the side ^ve seen from beiow.-a «',m-

. . „, . perior laryngeal nerves; a", inter-

opposite to that from winch they Originate. ihlS re- communicating nerve crossing the

markable nerve, we believe, furnishes the only known fenestrum of the cricoid cartilage;

c •
i i

• b, crico-arytenoid muscle ; c, crico-

instance m nerve anatomy of an extracranial chiasm.
hvoidmUgCle .

Some few filaments penetrate the cricoid membrane, to

be distributed to the mucous membrane of the larynx, and are doubtless sensitive

fibres. At page 20 of the physiological section, will be found the experiments by

which we have determined the function of this intercommunicating nerve.

The second and third branches present no peculiarities; they penetrate the

muscles and are lost to view. Sometimes, however, they can be seen to divide into

three or more filaments before so doing.

Pig, 4^ c .—The pneumogastric, before reaching the aorta, gives off a branch,

which, winding around the arch, changes its course upwards, and soon divides

into two nerves; one crossing the neck enters the oesophageal tissue— the other,

the recurrent laryngeal (Fig. 4. c), joins the trachea, and, in close contact with

its side, follows it to the larynx, and enters the crico-arytenoid muscle. There

are no fibres from the recurrent distributed to the crico-hyoid directly, or indirectly

through communication with the superior laryngeal.
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CHAPTER II.

Tin- preceding chapter has been altogether taken up with anatomical descriptions

of the respiratory organs and (heir appendages. So much that was new was

met with during OUT dissections, that it was thought better to separate the

description of the anatomy from the physiological statements. We have thus the

physiology of the respiratory organs still to describe, and this can now lie done

without repeating any more of the anatomical detail than is necessary to enable

the reader to comprehend the actions of the organs concerned.

The history of the theories entertained as to the nature of the respiratory

motions in turtles, appears to us one of the most extraordinary iu the records of

science. Totally misunderstood by the earlier naturalists and biologists, or con-

founded as to type with the respiration of Batrachians, this function in turtles was

first rightly comprehended, at least to some extent, by 11. Townson in the latter part

of the last century. How far he went, and how far he was correct, we shall more

fully point out in another place. The authority of more eminent naturalists, and

an obstinate disposition to associate tin; turtle with the frog, and to insist on

similarity as to the execution of their functions, gradually drew attention from

Townson's statement, and more modern authors have paid it no deference' what-

ever; yet, as we shall distinctly show, all the later writers are utterly wrong, and

his opinions as to the facts in question are thus far the only ones which seem to be

correct. In reading his very ingenious essay, which we have elsewhere quoted at

length, p. 2, it is hard to see how the statements and evidence could have failed of

more respectful and permanent attention. A complete review of the theories enter-

tained in regard to the respiratory function in Chelonian reptiles, will more fully

illustrate the above remarks.

\s early as 1719, Malpighi1 described the respiration of turtles as similar to

that of frogs. Both alike wore supposed to distend the lungs by swallowing air,

so that, in place of air being drawn into the lung-sacs, it was forced into them by

the movements of parts above the trachea; but while in the frog this was effected

plainly through the aid of the bellows-like mouth, in tin 1 turtles their vast hyoid

apparatus was by some supposed to constitute a forcing pump of similar purpose and

nature. The authors of Malpighi's era shared these opinions, and with the one notable

exception above mentioned, they have stood almost uncontradicted up to the date

of a paper by one of the authors of the present essay.

1 Adversaria Anatomiea, i \ Aniraadv, 29,
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The latest and best work on comparative anatomy and physiology1 thus

describes its author's conclusions as to this subject: "C'est aussi par dcs mouve-

ments de deglutition que la majeure partie de l'air inspire* est pousscc dans les

poumons chez les tortues; mais ici ce mode de respiration est necessity par une

disposition organique inverse de eelle queje viens de signaler chez les Batraciens."

M. Edwards then proceeds to point out the rigid form of the turtle's frame, the

absence of mobile ribs, and the consequent necessity for the belief that the lungs

in these animals cannot be dilated from without, as occurs in mammals. The same

opinion is held by nearly all writers at the present time ; but some, in place of

describing the process as one of deglutition, effected alone by muscles on the floor

of the mouth, regard the hyoid apparatus as the true forcing pump concerned in

propelling air into the interior. Thus, T. Rymer Jones,2 after describing the

fixity of the bones of the chest in turtles, adds, that "under these circumstances, as

a compensation for the want of mobility in the chest, the os hyoides and the mus-

cles of the throat arc converted into a kind of bellows, by which the air is forced

mechanically into the lungs, and they are thus distended at pleasure." In fact, the

submaxillary space with the hyoid arches, are in continual motion in turtles, and this

movement precisely resembles the like action in frogs; but while in these latter it is

really a respiratory act, in turtles, as we shall show, it has other purposes, and, while

it has deceived observers, may be proved to have no influence of any moment in

carrying on the breathing process. Midler3 gives a like account, and adds, that

expiration is effected by means of muscles between the lower shield or plastron,

and the posterior extremities. Carpenter 4 has a brief description of the respiration

in chelonia, which corresponds to the general opinion already quoted above.

Prof. Agassiz's description5 being one of the latest, and certainly one of the most

authoritative statements, we quote in full, to complete our history of the generally

received ideas as to the mechanism of chelonian respiration.

" Here, again, we meet with a very striking ordinal character. The turtles

swallow the air they breathe. The breast box, which includes the lungs, being

immovable, a respiration like that of the other reptiles, the birds, and mammalia,

performed by the expansion and compression of the breast box, and consequently

of the lungs, is impossible. Owing to the peculiar structure of their trunk, breath-

ing is therefore only possible for turtles, by a pressure of the air from the mouth

down into the lungs ; but though we are persuaded that this swallowing of the air

constitutes the main act in the process of breathing, still we are inclined to believe,

against the opinion of other anatomists, that the diaphragm, which in turtles is

very much developed, and attached to the lungs, takes also its part in that act.

Moreover, the muscles of the shoulder and of the pelvic region may assist in that

1 Milne Edwards, Lecons sur la Physiologic et l'Anatomie coinparec de I'Homme et des Animaux,

deuxieme, deuxiemc partie, p. 387. 1S58. Paris.

The General Structure of the Animal Kingdom, p. 5G7.

3 Physiology—London translation, p. 360, vol. ii.

4 Gen. and Com]). Phys., p. 493.

Contributions to the Natural History of the United Stales, vol. i. p. 281.
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ttion, either by immediatelj compressing the inn--, which generally extend in

turtles from one end of the trunk to the other, or by pi the bowels against

them.

"The art of swallowing the air is chiefly performed by the apparatus of the

tongue-bone, and the tongue itself, which, by its large size, facilitates the operation.

a drawrj backwards and upwards, tin- organ shuts up the choann®, and at the

same time opens the slit of the windpipe, situated just at its base, thus giving to

the air a passage into the windpipe, and at the same time preventing its entrance

through the choannse into the nose. In this way. the tongue takes the place, in a

certain sense, of the velum palatinum of the higher vertebrata, which is wanting

in turtles. After the air has passed into the windpipe, the tongue is drawn for-

wards, and thus the longitudinal glottis is again closed, while now the choannse are

again opened to a free communication with the cavity of the mouth."

Professor Agassi/, adds, in a following note:

—

•We find the same mode of breathing in the class of Batrachians, but for an

entirely different reason, namely, on account of the absence of ribs."

Also. "The existence of a diaphragm is erroneously denied to turtles by

Dumeril and Bibron, Erpetologie generate, 1, p.
17")."

In the above description, Prof. Agassiz exhibits some doubt, as to the correctness

of received views on this subject, and speaks of the museums diaphragmaticus

(Bojamis) as having something to do with the act of respiration, which he thinks

may also be aided by other muscular parts, as those concerned in Locomotion, and

bv certain pelvic muscles which lie does not specify by name.

We shall show as we proceed that, although the muscle covering the lungs maj

be homologous with the diaphragm of mammals, it is really a muscle of expiration,

and therefore not analogous to the diaphragm when regarded from a physiological

stand-point.

Except for the purpose of completing this brief history of opinions held now or

abandoned, it is only requisite to allude to the views of Perault, who attributed the

inspiratory act to the elasticity of the lungs, and the expiratory motion to muscles

of which, he says naively, the turtle has an abundance. M. Tauvry, whose views

Milne Edwards partially indorses, attributed the whole respiratory act to the

changes in the capacity of the chest, caused during locomotion, by the advance of

the head and limbs from and their retraction within the carapace. ML. Ilaro' sup-

ports the same views, but, although both are successful in showing that these

movements may alter the capacity of the chest-box, and thus under some circum-

stances modify respiration, neither has proved that respiration relies for its continued

occurrence upon these motions, nor would such a supposition be entertained for a

moment by any one who surveyed the mechanical conditions which are effective in

carrying on respiration in other animals. That the locomotive movements may, and

p ill aps do at times modify the respiratory process, may be taken for granted. That

other agents are constantly employed in this function is not less clear, nor shall we

have any difficulty in disproving M. Haro's theory bj unanswerable facts.

1 Mem. sur le respiration des Grenouilles, Ann. des Si-. Nat. -J serie, t. xviii. p is
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The author to whom we have alluded as the onlj one who has approached to a

clear comprehension of the true mechanism of respiration in turtles is Robert Town-

son, LL. D.' The anatomy of the respirator} muscles of the breast-box is

described by this author, as we have elsewhere shown, with much correctness. His

statement as to the mechanism of the movements of the chest and bell) muscles in

breathing are, also, remarkably truthful, and are approached in this particular b)

those of no other or later authors.

He came to the conclusion, as we have seen, p. 6, that the turtle and frog do aol

breathe alike, hut that while the latter forces air into the lungs, the former

possesses a type of respiratory movement closely analogous to that of the mammal.

He described an inspiratory muscle in the posterior flanks, and an expiratory

muscle covering the hack of each lung, and attached to a broad tendinous expan-

sion, running forward, to be inserted in front on the carapace, above the lung.

To do full justiee to this most ingenious and neglected observer, we have

quoted, in connection with the anatomy of our subject, the experiments, by

means of which he proved that turtles do not force air into the lungs, p. G, and

by which he also showed that they draw the air into the chest, by muscles attached

to the breast-box, and expel it through the aid of the expiratory muscle covering

the posterior end of the lung.

Considering the period at which lie wrote, nothing could be clearer than the

above statement, and we are amazed, that its obvious truth should have so long

escaped recognition.

In the summer of 1861, one of us, Dr. Weir Mitchell, while engaged in studying

the blood-pressure in the snapping turtle, Chelydra serpentina, became convinced

that the prevailing views as to the respiratory mechanism of Chelonian reptiles

were totally incorrect. Accordingly he partially studied the subject, and incident-

ally embodied his opinions in an essay upon the blood-pressure in the snapping

turtle.
2 At the time referred to, Dr. Mitchell was unacquainted with Townson's

researches. The views of Dr. Mitchell, and the experiments by which he supported

them, will be found scattered through the text of the present essay, of which, indeed,

they form the basis. In the summer of 1862, the present authors took up anew the

study of the respiration in turtles, and have endeavored to render it as complete

as possible. In so doing they have been fortunate enough to carry the subject far

beyond the crude experiments of Townson, and to discover anatomical and physiolo-

gical facts of the utmost interest and novelty, which have hitherto escaped attention.

To facilitate the comprehension of the subject, we shall divide the physiological

part of this essay in the following manner :

—

1st. The externally visible phenomena of respiration.

2d. Physiology of the muscles of respiration.

3d. Physiology of the respiratory nerves.

1 Tracts and Observations in Natural History in Physiology. London, 1799. Cuvier's views

and his criticism of Townson may be found appended to the full quotation of Townson's dissertation,

at p. 6 of this essay.

* American Phil. Trans., Phil. 1882.
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When a turtle of any kind is observed with care, it will bo seen that it breathes

at verj irregular intervals. These are much prolonged when it is in the water, and

halt an hour or more may elapse before it rises to the top, to take two or three

respirations, preparatory to a second plunge. When, during summer weather, the

snapping turtle was placed on a table, and observed in air, its respiration averaged on.'

to every two minutes and a half, although certain individuals breathed more rarely,

and all irregularly. The box turtle breathes still less frequently. A huge snapper

observed for some time, gave the following record:—Ten respirations were noted

with the intervals between them, which were as follows:— 1, '2, 1, \, 5, |, 1, 4. :).

2, f, minutes respectively. In another the respirations during an hour were at

almost perfectly regular intervals of two minutes. The size of the turtles did not

Mem to bear any notable relation to the number of respirations per minute.

During the respiratory act in the snapping turtle, ('. serpentina, the box turtle

Cistudo Virginea, the green turtle Chel. mydas, and several Tun (he, we have noticed

carefull) the exact details of the motions of the various parts. The head and neck,

the flank spaces in front of and behind the limbs, these themselves, and the mouth.

glottis, and hyoid apparatus, have been scrutinized with care in hundreds of instances,

and with these results.

Turtles breathe easily with the mouth open or shut. This fact alone deprives

their respiration of all resemblance to that of Batrachians.

The respiratory process is threefold, and consists of

—

1. Complete expiration.

2. Complete and very full inspiration.

:'». An appearance of slight, or partial expiration, followed by a pause of greater

or less duration.

During the period which precedes this series of movements, the turtle being

at rest, the spaces between the posterior members and the plastron and carapace

are nearly level, or only a little concave. The shoulders are pushed forward

somewhat, the lungs being full at this time, while the large hyoid apparatus

is usually dilated or drawn backwards and downwards. Sometimes it is in

continual motion, like that of the frog when breathing, but in the turtle this

rise and fall of the hyoid arches has no essential connection with that function.

When, during the inter-respiratory pause, we open the jaws the same move-

ments of the hyoid apparatus may still be seen, nor is it easy at these times to

assign to them any very obvious purpose. The glottis may be seen at rest, as a

linear slit, Fig. 7, A, in the centre of an ovoidal slightly elevated mound, just back

of the tongue, on the floor of the mouth. The first respiratory act is one of expi-

ration. Whether the mouth be opened for observation or not, the following move-

ments incur: The hyoid apparatus descends and broadens laterally especially at its

posterior part, carrying the glottis back and a little down. The object of this action

we suppose to be, the separation of the glottis from contact with the roof of the

mouth, in order that the air may the more; readily enter it after passing through

the nares. At the moment of beginning to expire the glottis opens wide, so as to

form a rhombic figure (Fig. 7, 15.) It remains thus until the whole respirator} act

is completed. Meanwhile, during expiration the limbs fall in towards the shell
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quite passively, and the Hank spaces in front of the posterior limbs sink so as to

present deeply concave surfaces.

Fig. 7. B

/



26 ANATOMY AND PHYSIOLOGY OF

following verj simple experiments converted this conviction into the most absolute

certaintj—a certainty which every future step served but to illustrate from new

points of view.

On page 11 of the memoir of Dr. Weir Mitchell, previously cited, are to be found

the experiments above alluded to. The trachea of a large snapping turtle was cut

across, after which breathing went on at the usual rate, or more often, owiug to

causes presently to be mentioned. Next, a bent glass tube, two millimetres in

width, was adapted to the upper or outer end of the divided trachea, and allowed

to dip into water. If the breathing power resided in the hyoid arches, larynx, and

mouth, the water in the tube should have been forced downwards during inspiration,

but, although respiration continued, the fluid moved at this time., only about one

millimetre, and even this was plainly due to the motion of opening and closing the

glottic lips, which occurs synchronously with the respiratory movements in the

breast-box.

The same bent tube Avas next adapted securely to the lower end of the divided

trachea, and again dipped into water as before. At each subsequent inspiration

the water was forcibly and hugely drawn up into the lung, and again rejected during

expiration. After this no doubt could exist as to the locality in which arose the

mechanical force productive of respiration. With this convincing proof the subject

was laid aside for the future and more thorough investigation, of which this cssa\

is the record.

Function of flu respiratory muscles of th Turtle.—A large snapping turtle- was

secured on its back, and an incision made over the flank space, between the pos-

terior limb and the plastron and carapace. The skin and superficial fascia were

then carefully removed so as to expose the whole muscle which fills this space, and

which has already been fully described.

When inspiration took place, the muscle contracted, and as it is possessed of a

central tendon from which radiate fibres in all directions, the result of their

shortening was to convert its previous deeply concave surface into one which was

nearly level, while at the same time the air rushed through the open glottis into the

lung. The analogy between this muscle and the diaphragm of mammals was abso-

lutely perfect. The central tendon, the converging muscular fibres, and the form of

movement resulting from this beautiful arrangement, all united to suggest the

resemblance. The inspiratory function of this muscle was palpably evident, nor

could any other office be possibly assigned to it, because it was attached to no

movable bouc or other parts susceptible of motion.

Repeated galvanization of this muscle served further to demonstrate its purpose.

Finally, the muscles on both sides were removed, when all inspiratory power was
lost. The turtle could empty its lungs, but possessed no power to till them anew.

The muscles engaged in expiration were next made the subject of study. At
first we were led to believe, that the elastic contractility of the lungs might alone

suffice to empty them, but this was opposed to all physiological analogy, and the

power with which expiration occurred was too great to allow us to suppose that no

muscular force intervened for its production.

To examine this part of the subject, a turtle (snapper) was secured, as usual, and
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the plastron removed, with the exception of a rim at the bach and on each side, to

which remained attached the fibres of the inspiratory muscles. After a few minutes

the turtle expired the air in the lung. During this action, the fascia covering the

lungs below, and lying between the peritoneum am! the plastron, was observed to be-

come tense, owing to the contraction of the two sheets of muscle, which terminate

this tendon anteriorly and posteriorly, and rind origin in the carapace.

Recalling the full anatomical description already given, it will be remembered,

that the lungs and abdominal viscera are covered outside of, and below the peri-

toneal sac, 1>\ a white membranous tendon, which extends across the middle line, and

is firmly attached to the pericardium, as well as by firm areolar tissue to the central

line of the plastron or lower shell. The muscular bellies arising from this covering

tendon, fold over the lung in front and behind. Opposite to the inspiratory muscles

are also areolar fibres, binding its tendon to the fascia of the expiratory muscle

above it. When the four bellies of this muscle, or muscles contract, the lungs are

acted upon directly, or by being compressed through the medium of the other viscera

which are, so to speak, grasped during this powerful movement. At the same

time, the passive inspiratory muscles are drawn up with the retreating lungs, owing

to the pressure of the external air, and to the close union between the two sets of

antagonistic muscles. Although the pericardium is also fastened to the expiratory

tendon, this sac is so firmly bound to the plastron below it, that it docs not appear

to be disturbed during expiration, unless the connecting fibres arc divided, in which

case the heart sac and its contents are strongly drawn from the plastron, as the air

is expired from the lung.

As in the case of the inspiratory muscle, the expiratory muscle was also tested by-

observing its action when exposed in the living animal, and by galvanizing its fibres.

The purpose of this singular sheet of muscle and connecting tendon admits then of

no doubt. Aided by the elasticity of the lung, it empties that viscus of air, and

no other muscle appears to lend it any aid.

The third period of respiratory movement is marked by the closure of the glottis,

and by the relaxation of the muscle of inspiration, the limbs then settling passively to

their new positions. Hence the general appearance of a slight expiration at the

end of the inspiratory act,

It is impossible to review this account of the respiration in chelonians, without

being struck with the simplicity of the plan. A box containing all the viscera of

the chest and belly has an open space on each side, filled by a muscle of peculiar

form, whose contraction increases the size of the visceral cavity, and thus causes

air to rush into it. Within the breast-box, the lungs and visceral mass embraced

by a single muscle, obey its contraction in effecting expiration, and as the visceral

cavity thus becomes smaller, the inspiratory flank muscles curve in to fill the gap.

After the most careful investigation, we can discover no other respiratory muscL s

within the breast-box.

The muscular apparatus of the glottis is equally simple. There is a muscle to

open it, and another muscle to close it. Here, as in the rest of this portion of our

essay, we shall not commit ourselves by names, which, although they may recognize'

homologies, confuse the reader, who has sometimes to bear in mind that their
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functions may be exactly the reverse of those of the human muscle whose name

they earn

.

The tu'o glottic muscles have already been fully described; when both arc cut

away or paralyzed, b} section of their nerves, the glottis still closes, owing to the

elasticity of its cartilages, but it does not shut firmly, and if the lungs be previously

tilled with air, a large part always escapes. Under ordinary circumstances, the

glottic lips are closely pressed together by the sphincter-like muscle which we have

described and figured. The mass of its fibres lie below the opening muscle, and

are parallel to the direction of the glottic Up, while its connections are principally

at the anterior and posterior end of the glottic line. When contracted, as it alw a\ s

is more or less strongly during the interval between two respirations, it would tend

to pucker the glottis somewhat, if it were not that the anterior and posterior

insertion are firmly fixed, by the parts in front of and behind them respectively.

Thus attached, the only influence it can exert, is to close the glottis whose lips

stiffened by the arytenoid cartilages facilitate the process.

The opening muscle lies outside of the closing muscle, nearly at right angles to

it, and immediately under the mucous membrane of the glottic mound. At the

moment when expiration begins the respiratory act, this opening muscle contracts

so as to draw the glottic lips wide open and permit the air to escape. Then fol-

lows a full inspiration, the glottis still open, and lastly it is closed by the constrictor

muscle hist after the great flank muscles of inspiration cease to act.

The downward movement of the hyoid arches is effected by the omo-hyoid and

other muscles of the neck. It appears to be intended to remove the glottis from

contact with the roof of the mouth during the act of respiration. The upward

motion of the hyoid apparatus is produced by a thin sheet of muscular fibres spread

transversely across it and over the whole upper part of the neck.

The function of all of the above muscles was determined by simple observation,

by stimulating them directly, and by irritating their nerves.

The necessity for closing the glottis firmly in these animals becomes obvious,

when we reflect, that not only must they be enabled to retain the air, but when

under water be competent to exclude that fluid from the lungs. In fact, when we

divide the trachea, or in any way paralyze the glottic muscles, the power of retain-

ing air in the lungs is totally lost for a time. The moment the respiratory muscles

cease to act, the elasticity of the lung asserts itself, and that, viscus is immediately

emptied. After a day or two, however, a curious change max lie noticed; the

turtle breathes as usual, but in place of allowing the air to escape through the open

trachea, the animal holds the inspiratory muscle contracted, and thus retains the air

in the lung a considerable time after each inspiration. There seems to be some

urgent necessity for thus holding the air a long time in the lung, and perhaps for

keeping the Lung distended. The instinctive provision for these purposes when the

usual means fail, is well worthy of note. As we proceed with the study of the

Laryngeal nerves, we shall have further occasion to observe the great importance of

the glottis, and to wonder at the singular means to which creative power has resorted,

in order to secure the orifice from the ordinary chances of accident and disease.

The physiology of the nerves of respiration in turtles has been the subject of
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our most careful and complete study. So novel and surprising wen- some of its

results that avc have felt ii right to surround ourselves with more than common

precautions. For this purpose we have repeated our experiments and dissections

on several species of turtles, and on numerous individuals of each species, until

incessant repetition left no question unanswered, and no conclusion doubtful.

We shall study,

1st. The physiology of the pneumogastric nerve and its branches, so far as they

concern the respiratory function.

2d. The physiology of the nerves which supply the respiratory muscles of the

breast-box. For all necessary details as to the anatomy of the vagus nerve and its

branches Ave refer to the former part of this memoir. Here it will only be requisite

to repeat that, as in most mammals, the larynx receives a superior laryngeal nerve,

and an inferior or recurrent laryngeal trunk. The superior, which in man is

the nerve of sensation to the larynx, is in turtles distributed to the mucous

membrane of that organ, and also to both of the glottic muscles. The recur-

rent laryngeal, which in man is the principal motor nerve to the larynx and

glottis, is in turtles also motor, but it sends branches only to the opening muscle.

The remaining peculiarities will be better understood as we proceed to state in

sequence the experiments which led to their discovery.

Experiment.—A large turtle (snapper) was secured on its back, its mouth held

open. It breathed well at intervals of two minutes or more. The recurrent nerves

were exposed and galvanized at the middle third of the trachea. Irritation by this

agent and by mechanical means, caused the lips of the glottis to open, although not

very freely. The two nerves were then divided, and the trachea cut across. The

glottic movements continued perfect, and were synchronous with the respiratory

motions of the breast-box. The muscles of the right side over the hyoid apparatus

were then removed, the covering fascia beneath them dissected off, and the superior

laryngeal nerve discovered lying under the shelter of the superior hyoid wing.

Irritation of this nerve or its fellow on the opposite side caused the outer edge of

the glottic lips to open, while the inner edge appeared to be forcibly closed at the

same time. On cutting the nerves across, and stimulating the peripheral ends, like

results were observed.

The left superior laryngeal nerve being intact, galvanization of the centric end

of the divided nerve on the right side caused first, closure of the inner lips and

opening of the outer lips of the glottis ; and second, violent and general muscular

movements and winking, apparently expressive of acute pain.

Finally the left superior laryngeal nerve was divided, when complete paralysis of

the glottis ensued.

Order of section, ami results:—
1. Section of both inferior laryngeal nerves, causing glottis to open; glottic

movements perfect after section.

2. Cut right superior laryngeal nerve, causing glottis to open superficially and to

close below; galvanization of outer end of nerve caused same result; galvanization

of centric end gave signs of sensibility and reflex closure of glottis, and opening

of its outer lips.
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3. Section of left superior laryngeal nerve; complete paralysis of glottis.

Experiment.—A small snapper was secured as usual, and the hyoid apparatus

separated from the lower jaw and turned up for convenience of observing glottis.

We then cut subcutaneously the left superior laryngeal nerve, causing motion in

the glottic lips. This section slightly lessened the power to move the glottic lips mi

the side cut. We next divided, in like manner, the right superior laryngeal nerve.

The power to open the glottis remained but little impaired, but the air could no

longer be retained in the Lungs. Respiration went on as usual, but when inspira-

tion was complete and the muscles relaxed, the glottic lips fell together by virtue

of their own elasticity, although this seemed insufficient to balance the contractile

force of the expanded lung, whose contents therefore escaped. Then followed

renewed inspirator; efforts, necessitated by tin; loss of power to close the glottis,

until the animal learned to hold the air in its lungs by keeping tense, for a time,

the flank muscles of inspiration. The left and right inferior laryngeal nerves

having next been divided, entire paralysis of the glottis ensued, the flaccid lips

falling together valve-like when efforts were made to inhale air, while, if air was

blown into the lungs, it escaped without difficulty.

Order <//' section, and results: —
,. . ,. . ,

, ( Glottic litis convulsed
Section ot lett superior Laryngeal. { , \

1 •

{ by section.

... ,. . . . , , f LOSS of power to close
Section ot right superior laryngeal. 1 . .

l
.

'

) glottis firmly.

Section of both recurrent laryngeals. j
Complete paralysis of glottis;

{ loss of power to open glottis.

The above experiments, repeated upwards of twelve times on the Chrysemys

picta, the Cistudo virginea, the Chelonia mydas, and the Chelydra serpentina, left

no doubt in our minds as to the functions of the two Laryngeal nerves in turtles.

Careful dissections enabled us moreover to trace these nerves so as to show that,

while the inferior laryngeal is distributed only to the opening muscle of the larynx,

the superior laryngeal sends branches to both the dilating and the constricting

muscles.

This anatomical arrangement explained to us some of the difficulties which we

had encountered while testing the function of the muscles by means of irritants

applied to the nerves. Thus, when the upper nerves were irritated, the glottis

opened at the outer lip and closed within, because the irritant necessarily acted

both on the nerve fibres of tin- closing and of the opening muscles. Again, when

the lower nerve, inferior Laryngeal, was galvanized, it caused the lips of the glottis

to open, but not freely, because the motion of the lips seemed to act reflectively as

a cause of irritation through the mucous branches of the superior laryngeal on to

its nerve centres, and thence by its motor fibres upon the opponent closing muscles.

When, however, the superior Laryngeal nerves were cut, the closing power was

abolished, and then, irritation of tin 1 inferior nerves produced more perfect dilata-

tion of the glottic chink. We have thus determined by every necessary means

that the superior Laryngeal nerves in turtles are the nerves of sensibility for the

mucous membrane of the Larynx and glottis. That they are the motor nerves of
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all the true glottic muscles, and enjo) thus the ability to open and to close this

orifice, and that the inferior Laryngeal nerves are the motor nerves of the dilating

muscles only, and have not sensibility or power to close the glottis.

What then is the reason of this double distribution of two nerves to one muscled

Upon this question we shall presently return. It seems highly probable that both

nerves usually act at once to open the glottis, since galvanization of either set of

nerves does not fully effect this end, while, when both sets of nerves are stimulated,

the glottis opens wide.

'The distribution and functions of the two laryngeal nerves in turtles are thus

seen to be totally different from what we see in mammals. In them, as we need

only to remind the reader, the superior laryngeal is a nerve of sensation chiefly, and

although it possesses also a motor filament, this, in man at least, is distributed to a

muscle, the crico-thyroid, which has neither homologue nor analogue in chelonian

reptiles. In mammals the inferior laryngeal is, as in the turtle, a motor nerve, but

it supplies alike the dilating and the closing muscles of the glottis.

On reference to the anatomical part of this essay, it will be seen thai the hypo-

glossal nerve lies close to the track of the superior laryngeal nerve, and might

readily be confounded with it, when the intention is to find and divide the latter

alone. The nerve in question supplies muscular branches to the tongue only.

Thus far the physiology of the glottic nerves in turtles, although determined

for the first time, and shown to present points of great interest and novelty, has

not exhibited any peculiarity so exceptional as that to which we shall now direct

attention.

This was brought to our notice while further pursuing the study of the functions

of the glottic nerves. The mode in which it was first suspected, then discovered,

and finally set in clear light by every available means, will be best set forth in the

following record of our experiments and inferences, in the order in which they

occurred.

Experiment.—A small snapper, one and a half pounds in weight, was secured as

usual. Its respiratory acts observed to be perfect, and the two inferior laryngeal

nerves divided one after the other, causing twitching of the glottic lips. After this

the glottis still opened and shut as before, and, indeed, equally as well. It was

plain, as Ave have already seen, that the superior laryngeal nerves could open and

shut the glottis without other aid. Next, the right superior laryngeal nerve was

cut at the middle of the upper hyoid cornu, and the glottis was carefully observed.

The section caused twitching of the glottic lip, and at the next respiration, to our

great surprise, both sides of the glottis, the right as well as the left, opened equally

well. In fact there was no difference. A close inspection satisfied us that the

section of the nerve was complete.

If now we recall the facts, that the glottis of both sides was moving despite the

section of both recurrents and one superior laryngeal nerve, it will be seen how

mysterious this must have appeared to those who first observed it. We came to

the conclusion either that there existed some mechanical arrangement of the glottis

and its muscles, which enabled one side, while in motion, to communicate that

movement to the other, or. that there was a direct nerve communication between
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the right and left superior nerves of the larynx. The first hypothesis was unsup-

ported by anything that we knew of the parts. The second seemed unlikely, since

on reflection we could recall no instance of a true chiasm of any nerves except those

of sio-ht. We hastened to examine the question by new experiments.

Experiment.—Snapper, weight two pounds. We exposed and galvanized the left

inferior laryngeal nerve, thus causing botli lips of the glottis to open. The same

result was obtained with the right nerve. This fact, observed by us in other cases,

was soon found to be due to the difficulty of insulating the current in one nerve.

When, however, we made use of mechanical irritants, stimulation of one nerve

affected only the glottic lips of the same side.

The right inferior laryngeal nerve was then cut, and immediately afterwards the

right superior laryngeal nerve. The glottis still moved as well as before these

sections. Next, we cut the left recurrent (inferior laryngeal nerve), thus leaving

the left superior laryngeal the only nerve entire. Nevertheless, the glottic lips

on both sides opened and shut, as well and as completely as ever. Lastly, we cut

this remaining nerve, causing total paralysis of the glottis, and the usual results as

to respiration.

Order of section, and results :—
1st. Cut right recurrent nerve (inferior laryngeal) and rig t superior laryngeal

nerve; glottis continues to move perfectly on both sides.

2d. Cut left recurrent (left inferior laryngeal)
;
glottic action perfect on both sides.

3d. Cut left superior laryngeal nerve ; total paralysis of glottis.

Experiment.—Snapping turtle, weight three and a half pounds. We dissected

the hyoid apparatus from its connection with the lower jaw, and held it back, thus

freely exposing to view the chink of the glottis. Up to this time we had reached

the conclusion, that somewhere on the fenestrum in the cricoid cartilage there

might be a branch of communication between the two superior laryngeal nerves of

the larynx. Therefore, on the turtle prepared as above described, we made an

incision on to the fenestra] membrane, between the larynx and the hyoid bone,

opposite to the junction of the superior cornu with this bone. The section made a

little to the left of the median line caused slight twitching in the glottic muscles,

but had no influence on the respiratory motions of the glottis.

The two inferior laryngeal nerves were next divided, and still the glottis moved

as perfectly as before. The left superior laryngeal nerve was divided at the middle

of the upper hyoid cornu, and immediately all motion of the left side of the glottis

ceased, the right side moving during respiration as usual, although somewhat

feeblv, owing perhaps to loss of blood during the first part of the experiment.

Section of the right superior laryngeal nerve completed the paralysis of the glottis.

Onlrr of section, and remits:—
1st. Section through supposed site of communicating nerve ; no effect as to

respiratory movements.

2d. Section of both inferior laryngeal nerves ; no further effect of any permanent

nature.

3d. Section of left superior laryngeal nerve; paralysis of left glottic lip.

4th. Section of right superior laryngeal nerve; complete paralysis of glottis
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The above experiments led us, irresistibly, to the conclusion, that their must be

a chiasm of the two superior laryngeal nerves, and it only remained to prove, with

the scalpel, the presence of this branch, A. careful series of dissections on large

turtles of various species and genera, satisfactorily proved that we were not mis-

taken. In every case the nerve was readily found, and the physiological prediction

as to its existence verified in the most absolute manner.

The discovery of a new nerve in turtles, and upon ground over w.hich the accurate

knife of Bojanus had passed, called for a still more rigorous testing of our previous

results. For this purpose the following experiments were made.

The first of this second series is of unusual value, owing to circumstances which

arose incidentally.

Exjperimeiit.—Snapping turtle, weight nineteen and three-quarter pounds. We
cut down on the middle line of the hyoid bone and divided it throughout its length

with a hair-saw and nippers. When this operation is done with care, it exposes to

the operator enough of the cricoid fenestrum to enable him to cut the communicating

nerve at its central part. Next, both recurrent nerves were divided at the middle

of their course. The section, and after stimulation of the right nerve, had no effect

on the glottis, which we thought singular. Section of the right superior laryngeal

nerve was satisfactorily made as usual, the nerve being readily exposed and

divided. To our surprise, the right glottic lip became paralyzed almost totally,

the left side moving in respiration as usual. This result was opposed to all our

former experiments. After a rigid examination of the conditions of this last

experiment, and finding in them no explanation of the contradiction which it

offered, we dissected, with scrupulous care, the whole track of the pneumogastric nerve

and its branches to the larynx, as well as that organ itself. The following appear-

ances were noted : On the left mucous lip of the glottis, a small white patch of

diseased tissue. The inner end of the right upper hyoid cornu was enlarged to douhle

its normal size; thus of necessity stretching the right superior laryngeal nerve where

it crosses the cornu at its inner end. On the left side the superior laryngeal nerve

was perfect up to the point at which it gave off the interlateral communicating

branch. This latter nerve, lying on the cricoid fenestrum, was involved in a mass

of diseased tissue, which extended between the trachea and the body of the hyoid

bone, from its lower part to a point about one-quarter of an inch above the

fenestrum. This disease, doubtless, affected the communicating branch, so as to

cause partial paralysis of the right glottic lip to follow section of the corresponding

superior laryngeal nerve. Had the interlateral branch been completely destroyed,

section of one laryngeal nerve must have produced entire paralysis of the glottic lip

on the side operated upon.

This observation, which at first promised to cast doubt upon those which

preceded it, thus proved at last the most conclusive evidence of the correctness of the

view to which we had arrived. An accident of disease or injury had so altered the

communication between the two superior nerves of the larynx, as to make unneces-

sary the section, which would under ordinary circumstances have followed as the

third step in the experiment,
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Experiment.—This experiment was designed to be a repetition of the plan of the

last one, but, in dividing the hyoid bone to reach the nerve at the middle line, the

saw, accidentally carried too deep, touched the membrane on which runs the nerve.

Section of the recurrents followed with the usual negative result. Section of the

right superior laryngeal nerve produced paralysis in the right glottic lip. If our

former view be correct, then in the present case Ave must have cut the communi-

cating branch with the saw. In the above experiments, the sections and results

may be thus stated:—
1. Section of interlateral communication between the two superior laryngeal

nerves; glottic respiratory motions as usual.

2. Section of both inferior laryngeal nerves; glottic respiratory motions as usual.

3. Section of right superior laryngeal nerve; paralysis of right lip of glottis.

Experiment.—Snapper, weight four pounds. We cut first the two inferior laryn-

geal ; next we divided the right superior laryngeal. The glottic movements were

still perfect. One nerve was sustaining unimpaired the whole ordinary motions of

the glottis in respiration. Indeed, the closest scrutiny failed to discover in its action

any departure from the condition of health. Lastly, we sawed through the hyoid

bone, glottic acts still regular. Then with a hook we lifted the nerve and divided

it. Instantly a respiration followed, but the right glottic lip was now motionless.

Order of section, and results:—
1. Section of both inferior laryngeal nerves.

2. Sect ion of right superior laryngeal nerve ; after which the glottis moved in

respiration as usual.

3. Section of median intercommunicating nerve
;
paralysis of right glottic lip.

Experiment.—This turtle had been used for other purposes, and had undergone

an hour before section of the middle cervical spine. The respiratory motions of the

breast-box had ceased, but at intervals the glottis opened and closed with normal

regularitv. The trachea was divided, and with it both recurrent laryngeal nerves.

Next we cut the interlateral communicating nerve. The glottic acts still remained

perfect. Lastly, we exposed the left superior laryngeal nerve, and divided it, causing

instant paralysis of the left glottic lip.

Order of section, and results:—
1. Section of both recurrent laryngeal nerves.

2. Section of communicating branch
;
glottic acts perfect.

:'.. Section of left superior laryngeal nerve; paralysis of left glottic lip.

\s further illustration, we give in brief the order of section and results in two

box-turtles.

/•.'./•/» rinu ni.

1. Section of both inferior laryngeal nerves; glottic motion perfect.

2. Section of right superior laryngeal nerve; glottic motion perfect.

3. Section of communicating nerve; paralysis of right lip of glottis,

t. Section of left superior laryngeal nerve; total paralysis of glottis.

Experiment.

1. Section of communicating nerve.

2. Section of right superior laryngeal ; glottic acts perfect, perhaps not closing
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firmly on the right side; the right glottic lip now relied alone on the recurrent nerve

for opening power.

3. Section of right recurrent (inferior laryngeal nerve); paralysis of right glottic

lip.

The above stated experiments were repeated very frequently, and always with

the like results. If the evidence which we have given be reliable, we have now

proved that in turtles there exists a communication between the right and left

superior laryngeal nerves, of the nature of a true chiasm precisely like that of the

optic nerves, and, so far as we know, the only instance thus far discovered of this

anatomical peculiarity in nerves exterior to the great centres.

Fig. 8.

Fig. 8. Diagram of the chiasm of the superior laryngeal nerves.—u a', intercommunicating fibres of the right

nerve; b', similar fibres from the left nerve.

The diagram, Fig. 8, illustrates our views in regard to the track of the nerve

fibres. Part of each nerve probably proceeds directly to the two glottic muscles

of its own side, while another strand crosses over through the interlateral trunk to

be similarly distributed to the two muscles of the opposite side.

Keeping this in view, we can now see how one single superior laryngeal nerve

may move the glottis on both sides, until the chiasm is divided, when it will be

left in connection only with the muscles on its own side of the glottis.

Having thus established the fact of a chiasm between the superior glottic nerves,

it was requisite to ascertain whether the inferior or recurrent laryngeal nerves

entered into communication with the superior nerves, or whether they possessed

any similar interlateral connection of their own.

Experiment.—Snapper, weight six pounds. We divided first the right and left

superior laryngeal nerves. The glottis opened as usual, but had lost its power to

close firmly.

Section of the right recurrent which followed, as the next step, produced paraly-

sis of the right glottic lip.

Galvanization of one recurrent caused opening of only the corresponding lip of

the glottis. Repetitions of the above experiment led to no different result.

Order of section, and results:—
1. Section of both superior laryngeal nerves; loss of closing power.
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2. Section of righl inferior laryngeal nerve; loss of opening power in right lip

of glottis.

We inferred from the above stated experiment and the repetitions of it, that no

interlateral nerve fibres connected the two inferior laryngeal nerves. Further-

more we failed to discover any branch to which such a function could have been

assigned.

The object of the very extraordinary and really exceptional arrangements, which

we have here pointed out, is not altogether clear. We arrive only at the general

conclusion, that the integrity of the glottic function in turtles, appears to have

been guarded with unusual care. "Why this should be the case in aquatic chelo-

nians it is easy to understand, but the necessity for it in terrestrial species seems

to us less obvious, yet it is as perfect in the box turtle as in the emydse

and chelonura?. Perhaps the need for such precautions in all may be due to the

fact that all retain the inspired air during long periods, even when on land. Paraly-

sis of the closing power of the glottis would allow the air to escape instantly, and

would oblige the animal to make repeated and therefore laborious inspiratory

efforts. Paralysis of the opening power would insure death from apnoea. Hence

we have two sets of nerves controlling the opening muscles. One entire set ma\

be destroyed ami yet respiration continue. Even one of those remaining, if

these be the upper nerves, may be lost, and still the glottis fulfil its entire duty in

the train of breathing movements. Thus, also, in regard to the closing power. The

elasticity of the glottic lips is one agent, although but a subsidiary one. Then we

have tin' interlateral communication between the two superior laryngeal nerves,

which alone can forcibly close the chink of the glottis. By virtue of this true

chiasm one of these nerves being injured, the other is ample to effect the normal

purpose of both.

Nor is it less curious to observe how artfully the whole apparatus lias been guarded

against accident.

The lower or recurrent laryngeal nerves lie alongside of the trachea, sheltered by

its projecting form. The superior nerves are protected in their course by the supe-

rior hyoid cornu, and the larynx and its singular nervous circle are deeply buried

beneath, or rather above the strong bony and cartilaginous body of the hyoid bone.

Nature seems to have been lavish of expedients for securing the safety of these

most important parts.

Before leaving this portion of our subject, it may not be amiss to state that we

have made a number of experiments on birds and mammals, to ascertain whether

any such chiasm exists in the glottic mixes of these animals. Hut in all cases

section of one motor nerve caused loss of movement in its own side of the larynx,

and we therefore conclude that this arrangement does not extend to the classes in

question. Whether or not it is to be found in Batrachia and ophidian reptiles, we

have not as yet ascertained.

The remaining physiology of the pneumogastric nerve in turtles is not less obscure

than in other animals. As in these latter, so in turtles, it sends branches to the

trachea, lunj^s and heart.

We have cut the nerve in a number of turtles, some of whom survived upwards
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of a month and then exhibited no marked evidence of diseased lungs. In others,

there was occasionally found an abscess at the base of the neck. This pathological

occurrence is, however, a common one in turtles caught with the hook, and cannot,

with any probability, be supposed to he due to the section of the pneumogastric.

The only striking effect of this section was, the constant sensibility which the

nerve then exhibited. At the moment of dividing or crushing it, the animal showed

every possible evidence of acute pain. Irritation of the centric end of the cut nerve

gave rise to like phenomena, while stimulation of the peripheral end caused no such

results.

A number of careful experiments were made to ascertain whether these irrita-

tions of the nerve produced any instant effect, either upon the inspiratory or

expiratory muscles of the breast-box. But in no case did the stimulation seem to

influence them to movement.

( ialvanization of the pneuinogastric nerve in turtles arrests the heart's move-

ments. Gentle irritation of the trunk causes the heart to beat more rapidly. Sec-

tion of one nerve causes the heart to quicken its pulsations. Division of both nerves

induces still more rapid action, but in either ease the heart, after a few hours,

regains its original rate of pulsation.

The nerves which supply motor endowments to the internal respiratory muscles

need no special illustration here. They are fully described in the anatomical sec-

tion of this essay. It only remains to add, that their office and relation to the

muscles was tested by stimulating them with galvanism and by dividing them, so

as to cause paralysis of the muscles in question.

The centre, to which proceed impressions, giving rise therein to respiratory

impulses, appears to be, as in other animals, the medulla oblongata. The site of

the respiratory ganglions would scarcely have attracted our attention, however, had

it not been, that, in the following experiment, a fact was noticed which induced us

to examine the question more fully.

Experiment.—In a turtle previously used to examine the offices of the laryngeal

nerves, and in whom the glottis could still open on one side, we divided the cer-

vical spine at its upper third, and continued to watch the respiratory muscles. To

our surprise the flank muscles acted at intervals for thirty minutes, but the

two sides no longer moved synchronously. At one moment the right muscle

contracted, at another the left, and the movements of both were irregular and some-

times incomplete.

It appeared to us, that these motions after section of the spine might be merely

the rhythmic repetition of habitual movements, such as, according to Brown-

Sequard, appear sometimes in the diaphragms of mammals even. Long after these

muscles in the turtle ceased to move, all the other reflex acts continued, and

excepting these, almost every muscle below the point of section could be excited

easily to reflex motion ; neither was there any longer a synchronism of action

between the respiratory muscles of the glottis and those of the breast-box.

Experirru nt.—Turtle, weight six pounds. In this case, also, the cervical spine was

divided, but although the reflex activity of most of the parts below the section was

remarkable, the respiratory muscles alone failed to respond to excitation of distant
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parts. During the spasm caused by the section of the spine, the expiratory mus-

cles, contracting, emptied the lungs, which were not again rilled with air.

Experiment.—Turtle, weight 4 pounds. The sympathetic nerves' on both sides,

in this turtle, had been cut several weeks, and the wounds in the neck were nearly

healed. The animal seemed well and very active. The cervical spine was divided

with little loss of blood. General spasm ensued, the glottis opened, expiration

followed, but no after inspiration, and the glottis closed. During an hour no inspi-

ration occurred, although the glottis opened and shut at about the usual respiratory

intervals. To make more sure of this, the trachea was cut across, the lung fully

inflated, and a tube secured in the lower end of the trachea. Through a short

caoutchouc tube the trachea was thus connected with Poiseuille's ha?rnadynamometer,

rilled to its 0° with mercury ; on turning a stopcock the column rose about two milli-

metres, the glottis continuing in repose. Then the glottis opened, but no synchronous

contraction of the lung muscles took place; indeed, the slightest must have been

indicated instantly by the mercurial column. During frequent repetitions of glottic

motion, no correspondent activity was at any time exhibited by the respiratory

muscles of the breast-box. It follows, therefore, that while the flank respiratory

muscles may after separation from their nerve centres move for a time, as do other

habitually rhythmical muscles like the heart, that these motions do not occur in all

eases, and that they are plainly not dependent on a respiratory centre below the

line of spinal section.

The regular movements of the glottis were, as we we have shown, uninterrupted

by the section of the cervical spine. The question arose as to the exciting cause

of these motions. That they were not due to impulses propagated through the

main trunks of the pneumogastric nerves, was shown by their continuance after the

successive division of these two nerves below the origin of the glottic nerves. It

thus became plain that the medulla must receive its excitations from the head alone,

perhaps through the fifth pair of nerves, which acted as afferent trunks, the motor

nerves of the larynx completing the nervous circle as efferent branches. Hence the

continued action of the glottis after division of the cervical spine.

The principal points in the foregoing paper to which we desire to draw attention

as novelties are as follows :

—

1st. In Chelonians the superior laryngeal nerve is distributed both to the opening

and closing muscles of the glottis.

'2d. The inferior laryngeal nerve is distributed solely to the opening muscle of the

glottis.

3d. A true chiasm exists between the two superior laryngeal nerves.

Mb. The expiratory muscle lies within the breast-box, and consists of anterior

and posterior bellies connected by a strong tendon continuous across the middle

line, and common to both sides of the animal.

5th. The inspiratory muscles occupy the flank spaces on either side.

6th. Inspiration is effected by the contraction of the flank muscles, which in

appearance strongly resemble the diaphragms of superior animals.

7th. Expiration is effected by the consentaneous action of the four muscular

bellies above described, which thus compress the viscera against the lungs. The
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act of respiration consists of an expiration and an inspiration, during which the

glottis remains open.

8th. The opening of the glottis is effected through the agency of the superior

and inferior laryngeal nerves, both of which are distributed to the dilating muscle

of the glottis. The superior laryngeal nerve presides over the closure of the

glottis, being in part, distributed to its sphincter muscle. The elastic contractility

of the glottic cartilages aids in closing this orifice. After section of the superior

laryngeal nerves, the glottis may still be opened by the agency of the inferior

laryngeal nerves, its imperfect closure being then effected by means of the elasticity

of its cartilaginous lips. The chiasm of the superior laryngeal nerves enables

one of these nerves to open and shut the glottis after section or disease of the

opposite nerve and of both inferior laryngeals.

Physiologists have therefore been in error when describing the respiration of

Chelonians as analogous to that of Batrachians, since it far more closely resembles

the breathing of the higher vertebrates.





APPENDIX.

Since committing to the press the preceding paper, we have had the opportunity

of examining the respiratory apparatus of one of the Trionychidse. 1 The striking

characters of this family and its border rank amongst fresh-water turtles, render a

knowledge of its respiratory structure of peculiar interest, and constitute our

apology for this appendix.

Am //da mutica, Fitz.—The general plan of arrangement of the respiratory muscles

is the same as heretofore described, the inspiratory muscles occupying the Hank

spaces, and the expiratory muscle being attached to the dorsal shield and inclosing

the viscera. The origin of each inspiratory muscle, in detail, is as follows: From

the bony edge of the plastron, from the carapace at the line of termination of the

ribs, from the fascia lata, where the thigh bounds the flank space, from the spinous

process of the ilium and thence to the place of beginning on the plastron. The

central tendon into which these fibres are inserted, is a mere raphse posteriorly, but

widens anteriorly into a lance-shaped extremity, one-fourth of an inch wide at its

widest part. The whole muscle is relatively large compared with that of other species

The expiratory muscle presents greater variation in origin and form than the inspi-

ratory muscle ; the fibres are longer than in other turtles examined, and the ante-

rior and posterior bellies broader. These bellies meet at their outer margins and leave

no space under the bridge of the plastron where the muscular fringe is absent when

the muscle is viewed from below, as exists in the snapper, Fig. 3. The effect ot this

widened muscular margin is to diminish the size of the common tendon, and reveal

its true character more strikingly than in other families. On dividing the tendon

and removing the viscera, the muscular fibres are observed spreading out across the

dorsal shield in fan-like radii from each intercostal space, from the first to the sixth

inclusive. The third intercostal space gives attachment to the strongest fibres,

causing it to appear as the centre from which the whole muscle radiates, the tibres

running forward and outward across the area of a quarter circle constituting the

anterior belly, and those running backwards over a similar area, the posterior

belly. More precisely, however, the origin of the anterior belly is from the

first .and second intercostal spaces and from the costal margin of the third space;

1 For living specimens of Amyda mutica, we are indebted to Mr. Robert T,. Walker, of Allegheny

County, Pennsylvania.

( 41 )



j
,

A PPE N DIX.

from these points the fibres extend in a prevailing direction forwards, over the

anterior quarter shell towards its periphery, and then, arching around the

viscera, are inserted into the central tendon. At the line where the muscle leaves

the shell it receives additional fibres. The posterior bell) arises from the sixth,

fifth, and fourth intercostal spaces, and from the vertebral margin of the third space

(overlying the fibres of the anterior belly that come from this space), and stretches

,^ er the posterior quarter circle of the shell, to be inserted into the common tendon.

It receives reinforcements of fibres where it leaves the shell to inclose the viscera,

as docs the anterior belly.
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