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of which three

thousand copies shall be for the use of members of the Senate, six thousand copies for the use of members of the

House of Representatives, and three thousand copies for the use of the Commissioner of Agriculture; tbe work
to be subject to the approval of the Commissioner of Agriculture.

Approved, August 4, 1886.
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INTRODUCTORY NOTE.

UNITED STATES DEPARTMENT OP AGRICULTURE, COMMISSIONER'S OFFICE,

Washington, D. C., September 20, 1886.

It gives mo great pleasure to state that in accordance with a recommendation contained in my first animal

report, Congress provided at its last session for printing the following "eport, originally made to my immediate

predecessor, in 1883. By my direction it has been revised and corrected, and its interesting and important informa-

tion, based upon an elaborate system of tests and scientiiic examination, and, happily, furnishing a scientific iu-

dorsemcut of American wool, is now laid before the country.
NORMAN J. COLMAN,

Commissioner of Agriculture.





LETTER OF TRANSMITTAL.

CHAMPAIGN, ILL., August 25, 1886.

SIR: I have the honor herewith to submit a report on the examination of wools and other animal fibers pre-

pared under the direction of your predecessors in office, and that I have finally had the pleasure to revise and

correct for publication by your order. I may venture to express the hope that the results and conclusions here

presented may not have diminished in value or interest from the delay in their publication, and my satisfaction

that this product of several years of labor is to be brought before the public through your influence and exertions.

Very respectfully,
WM. McMURTKIE,

Professor of Chemistry, University of Illinois.

Hon. NORMAN J. COLMAN,
Commissioner of Agriculture.

ORIGINAL TRANSMITTAL.

CHAMPAIGN, ILL., July 1, 1884.

SIR : I have the honor to submit herewith a report of my investigation of the physical properties of wools and
other animal fibers made in pursuance of the provisions of an act of Congress, approved April 16, 1880.

This act of Congress provided for making a collection of wools and other animal fibers exhibited at the Inter-

national Exhibition of Sheep, Wool, and Wool Products held in Philadelphia in September, 1880, and for " making a

Keieiitilie examination of the fineness, textile strength, and felting properties" of the material so collected. These

provisions \vt-re construed to direct a study of all the important qualities of the fibers named, and the work pros-

ecuted has therefore been extended to the minute structure of the fiber of different breeds, its length, crimp, fine-

ness, strength, and elasticity, and the discussion of the relation of each of these properties to the other, and to the

breed, sex, age, and portion of fleece represented.
In a work of this kind it is natural that most of the results should be of a statistical character and should

therefore be expressed in tabular form, and it is thus that we have for the most part presented them. In a few

cases the relations are shown by series of curves, but these are principally explanatory of tables that have pre-

ceded. In the construction of the tables we have aimed to so present the results as to clearly show all the im-

portant relations to be taken into account and make them readily intelligible to all interested. Each property
named is illustrated in the tables and discussed in the text, first separately and afterward as regards the others.

We do not claim to have pointed out all the relations that may be shown by these figures, nor would it be possible
for us under the circumstances to do so. We have therefore submitted, first of all, all the results obtained, so that

whenever it may be desirable other hands may take up the work, develop other relations here overlooked, and

formulate conclusions of interest and value either to the agricultural or commercial side.

The examination was begun with pure breeds alone, but it was afterwards extended to a study of the com-

mercial grades of the markets of Philadelphia And Boston by means of material for which we are indebted to the

generous interest of Mr. J. D. \Vhitliam, of Valley Grove. W. Va., and Mr. William (i. Markham, of Avon, N. Y.,

and 1 desire here to express my high appreciation of the valued assistance thus afforded. It has enabled ua
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to show the variation occurring in these grades and determine, to an imperfect extent it is true, yet with some

considerable degree of satisfaction, the standards that should be adopted for each grade. These must of necessity

largely depend in this country, as may be seen from the notes of the catalogue list of the grades, not upon one

property alone, but upon a combination of all. And while the present condition of the commercial demands admit

of the wide variations here shown, it is to be hoped thafthe time will come when manufacturers will be more exact-

ing in their demands, requiring greater uniformity in the quality of their raw material, and securing as a result

greater uniformity and stability in the quality of the products of their looms. Nothing but such demands by

manufacturers can overcome the more or less careless habits of American wool-growers, and on the other hand the

exercise of greater care in the management of flocks must undoubtedly have an important influence in reducing

the demand for a foreign product for the manufacture of the better and finer grades of woolen goods. It therefore

behooves all interested in the great woolen industries of the country to use every endeavor to bring about this

greatly desired end.

In conclusion I desire to acknowledge the intelligent and efficient assistance I have received at the hands of

Mr. F. B. Dosh, now deceased, Mr. A. S. Hall, and Prof. N. Clifford Eicker, in the practical work of their investi-

gations and the discussions of the results; and of the Messrs. J. W. Queen & Co., of Philadelphia, and Edward

Kiibel, of Washington, in the construction of the special apparatus required in the work.

And finally I desire to thank you, sir, for the continued and generous support and encouragement I have re-

ceived at your hands throughout the course of this investigation.

Kespeotfully submitted. ^ McMUETEIE, E. M. PH. D,
Professor of Chemistry, Illinois Industrial University.

Hon. GEO. B. LOEING,
Commissioner of Agriculture.

ANNOUNCEMENTS, REGULATIONS, PREMIUM LISTS, &c.

International Exhibition of Sheep, Wool, and Wool Products, to be held in the Main, Exhibition Building, Fairmount Park, Philadelphia, Sep-

tember, 1880, under the auspices of the Pennsylvania State Agricultural Society.

The International Exhibition of Sheep, Wool and Wool Products will be held in response to the general and earnest desire of Amer-

ican sheep-breeders and wool-growers, expressed in their correspondence with the Pennsylvania State Agricultural Society during two

years past.

The effect of such an exhibition on great branches of agricultural and mechanical industry, both of which will be represented, can-

not fail to be most salutary. Nor on these branches only ; chemistry in its applications to the manufacture and fixing of dyes, and tho

arts of design in the production of original and tasteful patterns, will also feel tho impulse.
Active competition for prizes, among tho best animals of the most improved breeds of this and foreign countries, will lead to a more

intimate knowledge and more general adoption of tho methods of breeding, by which marked and permanent improvement has been

gained. It will stimulate to further investigation into tho effects of breed, climate, soil, and forage upon tho quality and quantity of

wool and flesh, facilitate the interchange of views among the best growers, and insure the more general introduction of improved stock.

Tho exhibition will also load to a better understanding between manufacturers and growers on the subject of the needs of the

former and the methods of supplying them ;
it will tend to show tho latest and most approved inventions for cleaning, combing, bleaching,

spinning, weaving, and felting wool, the newest and most durable dyes, the apparatus and processes for their production and application,
and tho most elegant fabrics from celebrated mills at home and abroad.

A general and cordial invitation to participate in the exhibition, and to compete for the prizes, is extended to tho people of all

nations.

The United States Commissioner of Agriculture will use whatever influence and co-operation it may bo in his power individually
and through his Department to afford.

Congress has enacted, and the President of the United States lias appr oved, a bill authorizing and directing the Commissioner of

Agriculture to make a full and complete report of the Exhibition
;
and the Treasury Department has decided that tho Exhibition Building

may be treated for the purposes of the show as a United States warehouse, from which withdrawals for consumption may be made in the
usual manner, after entry therefor at the custom-house.

The objects must be accompanied by consular invoices, and be entered for warehouse in the usual manner. The entry should
show tho purpose of the importation, and tho importer attach his affidavit to the effect that the objects are imported for the sole purposo
of exhibition, as authorized by the statute.*

All objects, including sheep, will be placed within tho main building of the International Exhibition of 1876.
Railroad stations opposite the Park will afford every facility for tho transfer of passenger B, live stock, machinery, and goods

Arrangements have been made with tho railroad companies of Pennsylvania for the free return, over their lines, of all unsold articles
and animals on which full freight to the Exhibition has been prepaid ;

and the committee of arrangements will promptly co-operate with
exhibitors in securing a similar reduction on lines beyond the State.

"A circular giving full information to exhibitors of foreign products who desire at the close of the exhibition to dispose of them, 01
withdraw them for exportation, will be sent free on application to the Secretaries.
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Regulations of the International Exhibition of Sheep, Wool, and Wool Product*.

Competition is open to the 1'eoplo of all Nations.

No entry fee is required except for the Sweepstakes prizes, when a foe equal to ton per cent, of the prize must accompany the entry
In all eases.

The Hooka of Kntry am now open at the office, northwest corner of Tenth aud Chestnnt streets, Philadelphia.
All Sheep, Wool, and Hair must bo entered on the books of the Secretary on or before Tuesday, September 14, and all other objects,

except Sheep-dogs, on or before Tuesday, August 31.*

All Sheep entered for competition must be entered iu the name of the ooxa fide owner or owners or firm or authorized agent, giving
tin' names of the breed and breeders as well as the owner's residence.

\Vhen an allotment of space has been definitely made, the applicant will be notified and a Permit for Space sent him.

All olijei 'ts intended for the International Exhibition, except animals, hair, and wool, must bo in their places on or before Monday,
.her

it, the day i.f thf opening of the State Fair. They will thus continue on exhibition during three weeks, i. e., the two weeks
of tl . T, and the week of the International Show.

s fur the reception of Sheep, and spaces for the display of Hair aud Wool, will be iu readiness on Saturday, September 18, noon.
Hcfore that time no Sheep will bo permitted to enter the grounds.

All animals must be within the gates on Monday, September 30, in order that they may bo arranged for immediate examination by
the ji:

Hay and straw will be furnished free. Grain will be provided at cost price for those who desire to purchase feed for their stock.

A certificate of authentic pedigree must bo filed with tho Secretary, sotting forth that the Sheep entered for competition aro

regularly recorded iu a sheep-breeder's register, recognized as such in one or more of the States, or by a foreign association of sheep-

breeders, or that they are qualified for entry therein, by descent and beyond dispute, where such registry exists. If registered, a copy of

said i- 1 Tt ideate mnst bo filed with tho Secretary for tho use of tho Jury of Awards; if unregistered, satisfactory proof of their eligibility

to registration mnst bo furnished at the time of entry.
All sheep entered as Merino, middle wool, or long wool, and intended for competition in their respective divisions, are not to be

overtv.l. IT in other words, overfat, but must bo in good breeding condition. As the great object of the exhibition is to encourage breeders,
orerfat Sheep, exrept at hereinafter provided, other than lambs, will bo exclndcd.

M.Tinas entered for competition mnst be shorn of uniform length over tho entire surface, leaving the stnbblo not longer than threc-

eighths nf an inch when shorn, exhibitor to state the time of last shearing. Any subsequent clipping into shape, smoothing tho surface,
or adding any foreign substance or coloring to the surface, shall disqualify from competition. An exhibitor adjudged to be practicing
fraud, whether by violating this rule or by any other false representation of his exhibit, shall forfeit all his rights and privileges as an
exhibitor.

All exhibitor* of thoroughbred Sheep of any of tho three divisions may have the privilege of submitting to tho Juries of Awards in

such class the scale of points used in entering tho animals for registration, where snch registration is provided and recognized. When
two or more scales of points aro submitted, tho jury of awards shall have tho power to select values from those scales for use in determining
the award. Sheep unregistered, but eligible to registration, unable to scale tho requisite points, are declared ineligible to compete for

prae*, but if exhibited in pens or flocks they may contribute to make up the number required ; bnt no prize can bo awarded unless such

pea or flock, on tho average, is the highest of those in competition above the minimum required in any i-ecognized register. Sheep in

peas, or otherwise, unable to scale tho above number of points, can receive only the third or lowest premiums of award. A pen of sheep
hall bo understood to include throe or more in number.

In the English breed*, where no recognized registry exists, tho members of the Jury of Awards shall be governed by such scale of

points and such certificates of podigreo and pure breeding, as to them shall seem best, snch certificates to be filed with tho Secretary, as

shall establish that the animals have been imported or descended directly from ono or more importations from Great Britain.

The members of the Juries of Award shall be selected from among tho most expert and efficient residents of tho several States of tho

and of foreign wool-growing countries. Officers and members of the Pennsylvania State Agricultural Society shall not be ap-

pointed to : i, in tho Juries.

Overfat -
compete only as fat animals. For fat Sheep the awards shall bo governed by tho rules adopted by the Illinois

State Hoard of Agriculture.
I.in.-s of shafting, having velocities of 120 aud 210 revolutions per minute, respectively, exU&d lengthwise of the building, at the

height of 24 feet from tho floor.

* For regulations of tho Collio trials, see Division F, of List of Premiums.
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Shaftine .nd.te.rn power be suppHed

supervision over all gear supplied by them, and to furnish attendants to operate their machinery.

AjpUcaUon ibr motive power should be made before September 1. It should state aetual horse-power requ.red and width of face

Hud number of revolutions of driving-pulley. w g BIgSELLi President.

D. \V. SEILER, Recording Secretary.

ELBRIDGE McCONKEY, Corresponding Secretary.

Office of International Exhibition of Sheep, Wool, and Wool Products, northwest corner Tenth and Chestnut streets, Philadelphia,

July 7, 1880.

LIST OF PREMIUMS.

[The diploma of the International Exhibition will accompany each cash premium.]

DIVISION A.-MERIN03.

Premium
liat,

number.

1

2
8
4
5
6
7
8
9
10
11

12
13
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LIST Of //;/ :.!/ 1 1 -MS Continued.

1'IVISION K.-GOATS.

13

Prrnilui:)
ii. i.
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INTERNATIONAL SHEEP-DOG TRIALS.

DIVISION F. SPECIAL IUJLES.

Blank applications for entry may bo obtained of the secretaries up to the time of running the trials. The applications containing col-

trams for names, age, sex, color marks, &c., of the dog are to be filled up by the exhibitor. All entries are free, and kennels will be pro-

vided for the do<*s. No dog can be entered except for trial.

Each dog compotin" will bo required to take five sheep from a pen, drive them a certain distance to another, and pen them there.

A fresh flock of sheep will be provided for each dog. He, in driving, may bark or not as may be his habit, but biting his sheep will

bo a demerit.

Each shepherd may take his dog over the ground before the sheep are brought in, and show or tell him what ho wants him to do.

The shepherd may precede or follow the sheep as he may choose ;
ho will not bo permitted to assist his dog except by voice or gesture.

Hallooing, berating, or much bidding, or noise, will detract from the estimate of the performance of the dog.

When a dog is working, no other dogs shall be present to distract his attention.

No person except the superintendent in charge, and the members of the jury shall enter the sheep ring while the dog is working.

The jury will carefully note the disposition and docility of the different flocks of sheep, and make due allowance for those which aro

more wild than others.

Each shepherd will have the privilege of exhibiting the working of his dog by choosing his own kind of work with the sheep, after

the regular trial has been completed. Ho may also show the training of his dog for other practical purposes as a farm or house dog.

Dogs and bitches fifteen months old, or over, must compete in the aged class. Puppies under fifteen months, having competed in the

puppy class, will also be eligible for entry in the aged class.

All ties will be rnn off on flocks of three sheep.

Tractability, ready obedience, steadiness in driving, gentleness in working the sheep, and general aptitude in the dog for the busiuesa

before him, will have due influence with the jury in making the awards.

CORRESPONDENCE BETWEEN THE PENNSYLVANIA. STATE AGRICULTURAL SOCIETY AND THE COMMISSIONER OF AGRICULTURE RELATIVE

TO THE INTERNATIONAL EXHIBITION OP SHEEP, WOOL, AND WOOL PRODUCTS OP 1830.

OFFICE OF PENNSYLVANIA STATE AGRICULTURAL SOCIETY,

Harriaburg, February 11, 1880.

Mr. COMMISSIONER : In behalf of the Pennsylvania State Agricultural Society, we have the honor to inform you of the intention of

the society, to hold an International Exhibition of Sheep and Wool in the Main Centennial Building, Fairmount Park, Philadelphia, in

September next.

For more than two years the society, through a committee appointed for the purpose, has been in correspondence on the subject with

prominent sheep breeders and wool-growers throughout the country. The opinion expressed by them is earnestly in favor of an inter-

national exhibition.

Wo therefore respectfully and cordially ask your approval of the enterprise, and your influence and co-operation in advancing it.

We cannot doubt that you fully recognize the value of a branch of agriculture which furnishes the most nutritious of meats for homo

consumption and for exportation, and which also constitutes the basis of a manufacturing industry of the highest importance, and that

you moreover regard it as a branch which appeals strongly and deservedly to the fostering care of Government.

The returns from your department show in States North and South, deprived of their fertility by slovenly and wasteful cultivation,

that sheep husbandry so well adapted to supply the lost fertility, is scarcely, if at all, on the increase
;

That sheep are bred for mutton or for wool only, when both, of fine and desirable quality, may be advantageously produced by means
of ono and the same animal

;

That the benefit resulting from the infusion of pure blood into our native flocks needs to bo more widely known, and the practice
more generally followed ;

That our country is capable of growing every grade of combing and fine wool, and that the 48,000,000 pounds annually imported by
our manufacturers can be produced here

;

That immense tracts of waste land in the Atlantic and the Western States may bo most profitably utilized by the raising of sheep
upon them.

The value of the careful and protracted investigations carried on in this and foreign countries in order to determine the conditions
most favorable to fecundity, early maturity, palatable flavor of flesh and fineness, soundness, weight, strength, elasticity, length, and
luster of the wool can be made manifest by bringing together the best animals and fleeces in an international competitive exhibition.

The year of the census is an eligible ono for showing how wo compare with other nations in this department of industry. Penn-
sylvania is centrally and conveniently situated for such an exhibition. Her farmers are awakening to the importance of sheep-husbandry.
One of her counties, Washington, has, as you have recently published, "over four hundred thousand sheep, producing as good merino
wool as there is in the world." You also published the statement that "the greatest of American inventions and progress in the manu-
facture of wools is in the production of carpets." Wo need not remind you that Philadelphia is the center of this branch of manufact-
ures, and that ono of her carpet mills employes three thousand hands.

The Main Centennial Building, the grandest and most appropriate structure for tho holding of the proposed exhibition has been
engaged for tho purpose, and sufficient funds for tho payment of all expenses, including a liberal and attractive list of premiums, have
boon secured.

Again asking for this important work of our Society, the influence and co-operation of your Department, wo are,
Very respectfully, your obedient servants,

W. S. BISSELL, President,
JOHN McDOWELL, Vice-Presidcnt,
ALFRED L. KENNEDY, Vice-President,
D. W. SEILEE, Recording Secretary,
ELBRIDGE McCONKEY, Corresponding Secretary,

Hon. W. G. LE Due Committee of Pennsylvania Stale Agricultural Society,

Commissioner of Agriculture, Washington, D. C.
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DEPARTMENT OK AGRICULTURE,
ll'atliuiyton, 1), C., February 20, I860.

GEXTI.KMKX: I acknowledge tho receipt of your communication of lllh instant, ml vising nio of tho intention of your Society to hold

lu International Exhibition of Sheep and Wool, in tho Main Centennial Building, rhilaili>.I]>hi.
<

v, in September next.

I <ln not hesitate to express my hearty approval of tho enterprise, uml to promise -whatever intluenco and co-operation it may bo in,

My power, individually and through this Department, to afford.

I recognize fully the vast importance of Sheep Husbandry, in its connection with agriculture and tho great industrial interests of

and 1 ran rradily conceive of the advantages which must result from such a competitive exhibition as your Society contem-

>latos, of animal* and fleeces and methods of management in the production of wool, which distinguish tho industry in the dim-rent,

.ountrifs of the world.

! ( iiuntry, in the possession of natural advantages ! :ui almost unlimited extent, is eminently adapted to tho increase

run It MI' industry far beyond our own needs for domestic consumption, and in view of tho wealth of the nation it is entitled to

>vcry cnrir.iraxement which the (invi rnment can legitimately bestow upon it.

1 am, very n-speetfully, your obedient servant,

WM. G. LE DUC,
Commiitioner of Agriculture.

Messrs. W. 8. P.t>si -.u.. President,

JOHN Mi I>'.v. /.'/,

AI.KKKH 1.. K /'resident,

1). \V. Srn.i:i:, A' i-nriUmj Xicrcfan/,

MfCoNKr.Y. Corresponding Secretary,

Committee of 1'ennsyli-ania State Agricultural Society.

DILL to authorize and direct the CommUaioner of Agricolture to attend, in person or by deputy, the International Sheep and Wool Show, to bo held in tho Cen-

tennial Building*, Fairmonnt Park, Philadelphia, in September, anno Domini eighteen hundred and eighty, and to make full and complete report of the

same, and for otuur purposes.

if enactttl by the Senate and House of Representatives of the United States of America in Conyrcsi assembled, That tho Commissioner of

Agrien' -.! he is hereby, authorized and dir. , end in person or by deputy the International Sheep and Wool Show, to be

held in the Centennial Building*, Fairmount Park, Philadelphia, in September, anno Domini eighteen hundred and eighty, and to make
a full and complete report of the N:II

-. 2. All sheep and wool which shall bo imported for the solo purpose of exhibition at tho international show hereinbefore men-

tioned, shall bo admitted without the payment of duty, or customs fees or charges, under such regulations as tho Secretary of tho Treasury
may pre-i ribe : 1'rorided, That all sheep and wool which shall be sold in the United States, or withdrawn for consumption therein at any
time after such importation, shall be subject to tho duties, if any, imposed on like imports ly the revenue laws in force at the date of

importation: Jtml provided farther, That in case any sheep or wool, imported under the provisions of this act, shall bo withdrawn for con-

sumption, or shall'bc sold without payment of tho duty required by law, all tho penalties prescribed by the revenue laws shall be applied
and enforced against such imports and against the person who may be guilty of such withdrawal or sale.

Approve.! :

BUTHEKFOED B. HAYES,
President.

WASIIIS..I..N-, April I, 1880.

CONVENTION TO PROMOTE THE SHEEP AND WOOL INDUSTRY.

DEPARTMENT OF AGRICULTURE, ll'athington, D. C., August 12, 1880.

To iclom it may concern :

Having been directed by Congress to attend and make a full report of tho International Exhibition of Sheep, Wool and Wool Products,
to be held in Philadelphia, under tho auspices of the Pennsylvania State Agricultural Society, in September next; and having in consul-

tation with the committee of arrangement of tho exhibition, concluded that much valuable information could he elicited, profitable aliko

to those engaged in sheep breeding, wool-growing, and wool-manufacturing, by bringing them together for tho mutual interchange of

views, tho statement of needs, and tho presentation and discussion of methods and results : it has been determined to call a convention

of persons interested in tho afore-mentioned branches of industry, to meet in the Main Centennial Building, Fail-mount Park; Philadel-

phia, on Wednesday, September 22, 1880, at 11 o'clock, a. m.
While thus notifying you of the holding of the convention, a cordial invitation is hereby extended to you to attend and participate

in the proceedings, cither as a representative of tho society or association to which you may belong, or in your individual capacity.
The following, among other subjects, are suggested for tho consideration of the convention :

Advancement of the -;pncral interest of the wool-grower.
Prompt and systematic collect inn and distribution by this Department, of information concerning tho supply of Hock products, end

the demand for them.

Belative advantages of our sheep-breeding States, and tho breeds best adapted to them.

Methods of shearing and handling sheep, and of packing and grading wool for tho market.
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Increasing the production of the mountain lands of tho Atlantic States, by the systematic extension of sheep-husbandry.

Benefits resulting from the introduction of pure blood into our native flocks.

Breeds capable of yielding from a given acreage, the most profitable returns in mutton and wool taken jointly.

Management of sheep in summer and winter of lambs most profitable for market.

Recent inventions in wool manufacture and their relative importance.

Recent discoveries and inventions in tho production of dyes and tho art of dyeing-their relative importance.

Grades of wool which this country 'must produce, in order fully to supply the demands of her looms, and how' best to produce then.

WM. G. LE DUC,
Commissioner of Agriculture.

[Circular. 1860. Department No. 34, Secretary's Office.)

IMPORTATIONS Fon THE INTERNATIONAL SHEEP AND WOOL SHOW AT PHILADELPHIA, IN SEPTEMBER, 1880.

TREASURY DEPARTMENT, Washington, D. C., April 8, 1880.

To collectors and others :

Your attention ia invited to tho following provisions of the act approved April 1, 1680, relating to an " International Sheep and

Wool Show," to be held at Philadelphia in September of the present year, viz :

"Be it enacted by the Senate and House of Representatives of the United States of America in Congress assembled, That the Commis-

sioner of Agriculture be, aud is hereby, authorized and directed to attend in person, or by deputy, the international sheep and wool show

to be held in tho Centennial buildings, Fairrnount Park, Philadelphia, in September, anno Domini eighteen hundred aud eighty, and te

make a full and complete report of the same.
" SECTION 2. All sheep and wool which shall be imported for the solo purpose of exhibition at the international show hereinbefore

mentioned, shall be admitted without the payment of duty or customs fees or charges, under such regulations as tho Secretary of th

Treasury may prescribe : Provided, That all sheep and wool which shall be sold in tho United States, or withdrawn for consumption
therein at any time after such importation shall be subject to the duties, if any, imposed on like imports by the revenue laws in force al

the date of importation: And provided further, That in case any sheep or wool imported under the provisions of this act shall be with-

drawn for consumption, or shall be sold without payment of the duty required by law, all the penalties prescribed by tho revenue laws

shall be applied and enforced against such imports and against the person who may bo guilty of such withdrawal or sale."

The articles mentioned must bo accompanied by consular invoices, and bo entered for warehouse in the usual manner. The entrj

should show the purpose of the importation, and the importer be required to attach his affidavit to the effect that the merchandise if

imported for the sole purpose of exhibition, as authorized by the statute.

The buildings specified in the act may be treated, for the purposes thereof, as United States warehouses, from which withdrawals

for consumption may be made in tho usual manner, after entry therefor, at the custom-house.

No portion of the merchandise can be removed from said buildings except on a permit to be obtained from tho collector of customs,

and under tho supervision of a customs officer. Such permits will bo given only on payment of duties, or on withdrawals for transporta-
tion or exportation, or on the removal of wool to bonded warehouses.

After the expiration of the month mentioned in the act, the merchandise not entered for consumption, transportation, or (in th<

case of wool) not placed in bonded warehouse, at tho expense of the owners, may be taken possession of by the collector of customs ir

the usual manner.

Sheep or wool imported at other ports, for the show, may be transported to Philadelphia, under the relations relating to Ki<

entry of merchandise for immediate transportation, without appraisement.
The merchandise may be withdrawn for exportation or transportation without payment of duties, and no customs fees or charges wil

bo levied either on entries for exhibition or for exportation ;
on other withdrawals the usual fees will be collected.

The attention of all parties concerned is invited to the penalties denounced by the act for illegal sales or withdrawals of thi

merchandise.

By order :

H. F. FRENCH,
Assistant Secretary.

DEPARTMENT OP STATE, Washington, July 15, 1880.
To the consular officers of the United States :

GENTLEMEN : I inclose herewith a copy of a circular dated the 8th of April last, and issued by the Assistant Secretary of tho Treas
nry to collectors and others in reference to the provisions of the act of Congress approved April 1, relating to an International Sheep am
Wool Show to be held in Philadelphia in September of the current year.

It will bo observed therefrom that all sheep aud wool imported for the sole purpose of exhibition are to be admitted without the

payment of duty or customs fees or charges, under such regulations as the Secretary of the Treasury may prescribe. These regulation!
arc contained in tho circular. The articles mentioned must be accompanied by consular invoices, across the face of which it is suggested
that consular officers should write a statement that the articles are intended for the exhibition. It will be expected that you shouli
comply with this suggestion in case invoices of the articles adverted to are presented to you for verification.

I am, gentlemen, your obedient servant,
JOHN HAY,

Acting Secretary,
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Tlio following is the list of the premium* n\v:ir<lcil by the judges in the difforcnt classes :

DIVISION' A.-MKKIXOS.

Plviii ra
list

namlMT.
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DIVISION C. LONG WOOLS Continued.

Premium
list

number.



EXAMINATION OF WOOL AND OTHER ANIMAL FIBERS.

CHAPTER I.

HISTORY AND RESULTS OF THE EXHIBITION OF SHEEP, WOOL, AND WOOL

PRODUCTS, HELD IN PHILADELPHIA IN SEPTEMBER, 1880.

At the close of the Universal International Exhibition of 1870 a strong feeling of dissatisfaction prevailed
tin! sheep-breeders and wool-growers of this and other countries, concerning the character of the work

, plished iluTi! and the results flowing from it. As time passed this dissatisfaction in this country strength-

ened among those who had been more directly interested, and it finally ripened into energetic action, with a view

to the inauguration of an international exhibition of the products of sheep-husbandry, and of the methods and

apparatus employed in preparing them for human consumption.

Many of those most forward in this work were to be found among the breeders of what is known as the wool-

growing district of Western Pennsylvania, Southeastern Ohio, and West Virginia, and their feeling in the matter

; to take definite shape in the course of the preparations for the annual fair of the Pennsylvania Agricultural

Society to bo held iu the Centennial buildings in Philadelphia in the autumn of 1879. During the meetings of the

executive committee of this society from time to time in that year the matter was fully discussed, and correspondence
was opened with prominent sheep-breeders and wool-growers, and with the several sheep-breeders' and wool-growers'
associations in different parts of the country, asking their opinions with regard to the advisability of such a course,

and the result of this was the expression of a general desire that such an exhibition be held.

It was the first intention of the Agricultural Society to hold a national exhibition, but it was afterwards decided

that the subject was one of such importance as to warrant making the exhibition an international one, and in order

to cany out the plan proposed, that of holding it under the auspices of the Pennsylvania Agricultural Society and

in connection with one of its annual fairs, it was finally decided to hold it in connection with the fair of 1880. In

due. time, therefore, the committee of arrangements to prepare for the International Exhibition of Sheep, Wool, and
Wr

ool Products was appointed, instructed, and organized, clo thed with all necessary power. This committee, con-

sisting of Mr. William S. Bissell, president; John 0. Morris, Alfred L. Kennedy, D. W. Seiler, John McDowell,
William H. Engle, and Elbridgo McCoukey, determined that the exhibition should be held in the Centennial bnild-

iiigs in Philadelphia immediately after the close of the annual fair of the State Agricultural Society, to be held in

the same place in September, 1880. Under date of February 11, 1880, the committee of arrangements informed

this Department of the intention of the society, asking its approval of the enterprise and its influence and co-

operation in advancing it. This approval, together with the assurance of all the influence and co-operation within

the power of the Department, was heartily given.

At about the same time an appeal was made to Congress to authorize and direct the Commissioner of Agri-

culture to attend the exhibition, in person or by deputy, and make a full and complete report of the same. This

1 also asked for the establishment of such customs regulations as would provide for the convenient entry of

any exhibits that might be sent from foreign countries. As a consequence Congress enacted a law, approved April

1, 1880, giving the Commissioner the desired authority and direction, and providing that all sheep and wool

imported for the sole purpose of exhibition, and not sold or withdrawn for consumption in the United States, should

be admitted without the payment of duty or any customs fees or charges, under such regulations as the Secretary

of the Treasury should prescribe. In pursuance of these latter provisions the Secretary constituted the Centennial

buildings in Philadelphia, in which the exhibition was held, a bonded warehouse, and detailed an officer to superin-

tend the entry of articles from foreign countries thereto. The immediate connection of the Department of Agri-

culture with the exhibition began shortly after the approval of the above-mentioned act by the President.
19
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About April 10 there were received tea thousand copies of a circular embodying the correspondence between

the committee of arrangements appointed by the Pennsylvania Agricultural Society and the Commissioner of

Agriculture, and a copy of the act of Congress already referred to. It was requested that the Department should

distribute these circulars to the agricultural and wool-growers' societies and Department correspondents, and,

through the Department of State, to all ministers and consuls of the United States resident in foreign countries,

for the information of the respective Governments and peoples.

But as the circular contained no announcement to all people of all nations of the intention of holding the exhi-

bition and no invitation to take part in it,
and as it was desirable that it should be accompanied with copies of the

regulations for the government of the exhibition, the system of classification and the list of premiums offered, it

was considered better to withhold its distribution until the further documents could be obtained.

Upon application for them the Department was informed that no formal invitations to foreign Governments

had been sent out
;
that it was understood that such an invitation would be sent out by the Department of State,

and in absence of any action by the Department of State, this Department was further requested to give advice as

to the method of extending the invitation in question. In response to this request it was suggested that there bo

at once prepared a document containing

First. An announcement of the time and place of holding the exhibition, and a general invitation to the people

of all nations interested in the production of sheep, wool, and woolen materials, and of machinery, apparatus, and

processes of manufacturing the latter, to take part in the exhibition.

Second. A statement of the system of classification of animals, products, machinery, apparatus, &c., to bo

exhibited.

Third. A list of prizes offered for superiority in each class.

Fourth. Specification of the information required with the exhibits in each class.

Fifth. General regulations to govern the exhibition.

Expedition in the matter of preparing this document for distribution was strongly urged on account of the

limited time intervening previous to the opening of the exhibition, and it was at once prepared, but printing it was

delayed on account of a desire on the part of the committee of arrangements to embody in it a copy of the circular

of regulations relative to entry of foreign exhibits at our ports and an announcement by the Secretary of the Treas-

ury that the exhibition building would be constituted a bonded warehouse. The document comprising regulations and

premium list and embodying a general invitation to the people of all nations to take part in the exhibition was not

received for distribution until June 30, when it was at once sent out by the Department to all the agricultural

and wool-growers and sheep-breeders' societies and associations, to correspondents and reporters of the Department
in the different parts of the United States, and to all the ministers, consuls-general, and consuls residing in foreign

countries, with the request that the facts contained in it be disseminated among the people with whom they respect-

ively came in contact.

On or about May 5 a conference was had in this Department with representative members of the committee of

arrangement, in the course of which the Department was requested to name gentlemen from different sections of

the country to be invited to become members of a national committee of co-operation to act in conjunction with the

committee of arrangement in carrying out the objects of the Exhibition, viz, the promotion of the interests of

sheep-breeding and wool-production, and better defining the relation between producers and manufacturers by
bringing the results of labor in all branches of the industry together in one great exhibition. In addition to the

gentlemen who had already been chosen by the committee of arrangement, the Department nominated William
G. Marldiam, Avon, N. Y.; E. J. Hiatt, Chester Hill, Ohio; Hon. James T. Earle, Centreville, Md.; John L.

Hays, Boston, Mass.
;
John J. B. Killebrew, Nashville, Tenu.; C. P. Mattox, Portland, Me.; Henry C. Kelsey,

Trenton, N. J.; Albert Chapman, Middlebury, Vt, ;
F. W. Shaefler, San Diego, Tex.; Hon. Henry G. Davis,

Piedmont, W. Va.; J. T. Megibbin, Cynthiana, Ky.; Daniel Kelly, Wheaton, 111.
;
Hon. Thomas Pollard, Eich-

mond, Va.; J. S. Stanger, Denver, Colo.; Benjamin Flint, San Juan, Cal.; Samuel Archer, Kansas City, Mo.;
Charles E. Gibbs, Whitewater, Wis.; J. P. Sanborn, Port Huron, Mich.; Hon. David Elaine, Toronto, Ontario,
and Hon. Edward A. Bernard, Quebec.

Letters were at once addressed to these gentlemen by the Department, announcing its action in nominating
them, and asking them to confirm this action by accepting the position. All the gentlemen named promptly com-
municated their acceptance, and were referred to the committee of arrangement for instructions as to what was
expected at their hands. On July 25, the Department received from the committee of arrangement a request that

should name gentlemen considered competent to act as judges, and whoso appointment to act in that capacity
would bo satisfactory to the Department; and in response to this request the following gentlemen were named :

John L. Hays, Boston, Mass.; George W. Bond, Boston, Mass.; A. M. Garland, Springfield, 111.; Eichard Peters,
Atlanta, Ga.

;
John D. Patterson, Westfield, N. Y.; Samuel Archer, Kearney, Mo.

;
William G. Markham, Middle-

bury, Vt,, and Charles W. Jenks, Boston, Mass. Most of these gentlemen were invited to act as judges in the dif-
ferent classes, and four of them performed efficient service during the exhibition.

The animals and objects to be exhibited were separated by the system of classification into eleven divisions,
as follows :
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A. Merinos.

B. Middle- \\. 1>; (a) Southdowns; (fi) other middle-

wooled.

0. Long-wealed
D. Kal >he.'i>.

F. Shepherds' Jogs.

(i. Wool ami hair: (a) merino wool
; (6) middle wool; (c) Jong

wool
; (if) hair.

H. \VooliMi inac-liiin-ry.

I. llyc-ht nil's.

K. Woolen fabrics: (a) foreign; (6) American.
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Kelly, of Wheaton, 111., and one ram belonging to Mr. Frank T. Spivey, of Fair View, Hancock County, West

Virginia. In the first of these cases it was claimed by the exhibitor that his sheep were directly descended from the

Crowninshield importation from Spain, or to other Spanish importations. But the evidence as to purity of blood

was unsatisfactory to the judges, and the animals were consequently excluded from competition in the class in

which they were entered. Similar considerations governed the action of the judges in excluding some of tho

animals of the exhibit of Frank T. Spivey.
In the work of the judges as well as in the collection of information for making the report and carrying on tho

work by the Agricultural Department, each exhibitor was requested to give full and complete data concerning the

conditions of breeding, feeding, and care of the animals, together with tho samples of the wool of each taken from

different parts of the body. At the time the animals were examined by the judges they were weighed and com-

pared with the weights of their respective fleeces in grease, showing the average yield in wool in pounds for each

animal to be, for rams 19 per cent, the weight of the carcass, and for ewes 17 per cent, the weight of the carcass.

For ewes the weight of carcass varied between 64 and 99 pounds, and for rams between 92 and 14G pounds. From
the weights taken it appears that the maximum average is reached only after the second year's growth. Relations

of this kind will be compared with the length of the staple, the fineness and strength of the fiber, &c., and with
the conditions of climate and feeding to which the animal has been subject ;

this latter statement applies also to

the long and middle wool sheep exhibited. For the coarse-wooled breeds it was difficult to secure the same extent
of data.

From those we were able to secure, however, we may construct tho following table showing the comparative
weights of the animals and the average weight of fleece yielded by each breed expressed in percentages of weights
of animals :

Breed.



CHAPTER II.

EXAMINATION OF WOOLS.
THE MA.TEEIAX AND ITS SOURCES.

By act of Congress approved Juno 16, 1880, au examination of wools and other animal fibers by the Depart-
ment of Agriculture was provided for in the following terms:

:,', liy scientific examination, tho textile strength, felting capacity, and other peculiarities of tlio different wools and other

animal litu'rs 0:1 exhibition at the International Sheep and Wool Exhibition to be held in Philadelphia in 1890, four thousand dollars.

The Exhibition in question was held in Philadelphia September 20 to 25, 1880, inclusive, and in compliance
with directions, I was present and made tho collection of material necessary to the examination contemplated in

the 1 nv. The examination thus ordered was considered to apply to wool from the animals exhibited, as well as

that included in bales or fleeces, and since the quantity of clipped wool exhibited was comparatively small as

regards number of exhibits, tho scries of samples secured represented the animals more extensively than tho wool,

a fact whii'h has proven very satisfactory in our investigations, because of the extended information wo were able

to secure with UK- samples, and tho important and interesting relations it has been possible to work out from the

data thus nu'ordpil. An attempt was made to secure this information in the greatest detail, bnt this proved imprac-
ticable from various causes, tho principal of which resides in the fact that so few of our American breeders, and

especially those represented in our collections, keep careful written records of tho conditions of breeding and

management beyond a register of pedigree. In answer to inquiries made upon the several points here involved,

therefore, tho exhibitors of animals were forced to rely entirely upon memory, and in many cases they had given
little or no attention to some of the important considerations upon which reliable information would have proved
of almost inestimable value iu tho determination of relations existing in the results of our examinations. However,
there was, of course, no difficulty in securing perfectly reliable data as to'breed, sex, ago of animal, and date of

last shearing, while in some cases, as we shall see later on, the kind and daily rations of food, form a part of our

record.

As already intimated, the exhibits of fleece wool were very limited. On tho other hand, among the live ani-

mals most of tho more important breeds were represented. There were Cotswold, Lincoln, Southdown, Hampshire-

down, Shropshiredown, Oxforddown and Merino. The animals had all been shorn in the preceding spring, and
tho ileeco they bore was a little more than half a year's growth. Yet it was considered quite sufficient for the

purposes of comparative examination, and we had no hesitation therefore in taking it. From tho fleeces and bales

single samples were taken, but from the animals concerning which it was possible to secure fuller information with

reference to tho conditions influencing tho production of wool, four samples were taken, and these were cut as nearly
as possible from tho same parts of tho shoulder, side, hip, and belly, respectively. Tho object of this selection, as

will appear later on, was to provide for determinations of differences in tho quality of tho fiber in different parts of

the fleece considered to justify the division into which the fleece is usually classified by graders both in this coun-

try and abroad, and to satisfy tho desire s of the exhibitors who wished to establish their claims to the even char-

acter of tho wool from tho different parts of the bodies of tho animals they were breeding, and to furnish exact

data concerning the characteristics of the fiber of each breed. In some cases also in which tho skin of the Merino

was greatly folded, and this quality is well known to be very common in the "American "
tyne, samples were taken

from the tops of the wrinkles or folds and from between them. We thus secured material for the determination

of the Dueness of tho fiber in each part, a matter that has been tho subject of no inconsiderable amount of contro-

versy among breeders of "wrinkly" and "even " animals. Tho parts of the fleece just mentioned were considered

sufficient to represent the different qualities of wool available for commercial work or determined by conditions of

ling and management. To have extended the selection to other parts of <he llt-cces or to have adopted more

complete division of tho fleece into the grades of quality that have been adopted by German and French experts

for the products passing through their hands or the yield of their own flocks, would have required too much work
23
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for the facilities at our command, aud more than would be required by the breeders, or eveu of the American

manufacturers, who at present aim at the production of goods of medium degrees of fineness rather than of the

supi-i-lino grades, such as issue largely from the European looms.

There were iu all about 300 animals on exhibition, and though, as the results of our investigations have shown,
much valuable information could have been gained by taking samples from all, this would have been impracticable
from several causes. The selections were therefore made to a large extent from animals considered by the judges
worthy of prize, while at the same time samples were taken from the animals of each exhibitor. Each sample as

soon as taken was inclosed in a separata envelope, upon which was inscribed a number corresponding with the
number of the description of the sample in the catalogue in which the information given by each exhibitor con-

cerning the animals selected was recorded. This information was furnished in response to the queries given in

the following blank form :

Number of samples, .

Breed of animal, .

Register number or name,

Gender, .

Age, .

Weight of carcass, .

'\\YiLjhtoffleeceiagreaso,
-

Weight of second fleece,

How scoured, .

Age of staple, .

Animal pastured or stabled,
Time for each, .

Method of feeding, .

Daily quantities of food, .

Character of soil, .

Topography of country, .

Prevailing winds,

Frequency and force of same,
Influence of climate ou animal,
Name of exhibitor, .

Post-office, ,

County, .

State, .

General remarks, .

This applies more especially to the fine wools (Merinos) though the same method of collection was followed in
the case of the coarse and long wools. But in connection with the latter we were favored with the assistance of
the judges iu the corresponding classes, who undertook to clip samples of wool from the leading animals presented
to them for examination. They followed the same plan adopted in connection with the Merinos, that is, of takin"
samples from the difierent parts of the fleece, shoulder, side, hip, and belly, respectively, while at the same time
they caused to be filled, as far as possible, the blanks of a form for giving information concerning the conditions
of breeding, feeding, and management of the animals.

Premium list number, .

Name of breeder, .

Breed of sheep, .

Flock register, name and number,
Book register, name and number, -

Date of birth, .

Sex,

Weight of sheep, .

Condition of sheep,

Weight of fleece in grease, .

Date of last shearing, .

Length of stubble, .

Number of sheep in flock, .

Number of months at pasture:

During year, .

Since last shorn, .

Number of months foddered:

During year,

Since last shorn, .

Kind of hay or fodder fed, ..

Number of .months fed grain :

During year, .

Since last shorn, .

Average amount of grain daily for each ;

During year, .

Since last shorn, .

Kind of grain :

During year, .

Since last shorn, .

Cottonseed-cake, oil-cake or meal, flaxseed, peas, or beans fed:

During year, .

Since last shorn, .

Kind of roots fed :

How? .

When? .

Salt, sulphur, ashes, chalk, &c., fed :

How ?
,

When? .

Average weight of fleeces of flocks in grease, .

Character of soil on which sheep were raised (whether limestone,
clay, slate, or sand), .

Topography of country, .

Latitude, .

Altitude above sea-level, .

Length of staple, ; shoulder, side, ; hip, .

Additional measurements, .

Any additional particulars.

e
e records of this operation, in connection with

to secure an exceedingly interesting anTvalu^ble fa and oT" V ^ By *"" meaDS W6 Were enabted
their courteous and efficient assistance.

' ' acknowl<*lgtnenrs are due these gentlemen for

In addition to the material obtained at the Exhibition if ,

in connection with these wools of known breecf of th e'ol 7h
C aSlderod

1

of"Stance to secure an examination
,

Beneroua assistance of Mr. J. D. Whitha*I of vJSSX wTaT ^'^ **, ugh the

^
may, therefore, be accepted
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the several grades. And besides these, also we have been so fortunate as to secure from Mr. William G. Markham

representative samples of the different grades of wool established by (iermau wool-growers and merchants, to be

studied in connection with those of American origin. Mr. Markham's contributions, as may be seen below, also

contained samples of the staple from some of the leading flocks of France, and one from probably the only pure-

bred Merino tlock of England. The whole collection, represented in the results we are now able to present, is of

j.'rrat interest as showing in many particulars as regards tlie fine wools, the characteristics impressed upon the

Merino typo in each of the countries named.

As already stated, and as may bo seen from what we have to present, the information wo were able to obtain

concerning the conditions of breeding, feeding, and management, of the animals represented in our collections, was
not all that could reasonably be desired ; but we have considered it on some accounts advisable to collect hero

the principal points presented by each exhibitor, for the benefit of those who may wish to give the possible relations

more careful study than we have been able as yet to devote to them, as well as for the better elucidation of some

of the points to which attention will be called in our results. The statements included below are intended to cover

the general information secured in our inquiries, rather than the age and pedigree of each animal, the latter being

given in the catalogue of samples, to be found in the subsequent pages.
Cotsicoldx. Abuer Strawu, Ottawa, La Salle County, Illinois, a breeder of Cotswolds. Most of the animals

exhibited were recent importations; so little or no reliable information was obtainable concerning their previous

feeding and management. The country over which they were expected to range is flat, the soil loam, with

tolerably strong winds prevailing from the West.
F.ihvard Hicks, Goshenville, Pa., breeder of Cotswolds, had a flock of 60 sheep which were shorn May 13,

18SO. The animals exhibited were pastured four to six months and foddered six or seven months, timothy hay
being the fodder fed. During about two months of the year they were fed a pint a day of a mixture of bran

and oats with no other kind of concentrated food. A mixture of salt and sulphur was constantly accessible to them.

The average weight of the fleece in grease for the flock was 11 J pounds. The ranges were upon rolling land and

a soil of clay.

Lineolns. Thomas C. Wade, Media, Pa., breeder of Lincolns. The animals exhibited were shorn May 20, 1866,

giving nine to eleven pounds of brook-washed wool. They were pastured from the date of shearing to September

1, and during the remainder of the year were foddered upon a mixture of hay, cornstalks, and cabbage. They were

fed about three quarts of oats per day during six weeks in the fall bnt, with that exception, received no grain or

other concentrated food throughout the year. In winter they were fed upon turnips washed and cut, and always
had salt accessible to them.

Down*. T. S. Cooper, Coopersburg, Pa., is a breeder of Oxforddowns and Sonthdowns. The animals

exhibited were mostly imported from England. They had been shorn April 20, 1880. They were pastured seven

months of the year, but received throughout the year daily rations of 2 pounds of clover hay and 1 pint of a grain

mixture consisting of equal parts of oats, peas, and beans, and occasionally they were given a small quantity of

flaxseed cake. About 6 months of the year (during the winter) they were fed with mangolds which were preserved
in pits, sometimes as late as July, and usually dried about four days in the sun before feeding. Bock salt was

supplied the flock ad libitum, while sulphur was occasionally mixed with the feed. The flock gave an average yield

of 10 pounds of wool in grease, per head. They ranged upon limestone land located in a valley.

B. M. Fisher, Danville, Ky., breeder of Sonthdowns. The animals exhibited had been shorn April 25, 1880.

They were pastured throughout the year and were stalled only at lambing time. In some years It was found

necessary to supply them with fodder for about one mouth, though in many years they received none whatever.

When supplied, a mixture of clover hay and sometimes a little corn fodder was fed. Grain was given only about

two months, though it was not a common practice. After being shorn, however, the animals exhibited were

fed grain at the rate of one quart per day per head up to the time of exhibition. The grain food consisted of a

mixture of equal parts of corn and oats, and besides this a daily ration of one pint of oil-cake meal was given in

addition. The weight of fleeces in grease for the flock varied between eight and ten pounds. The country in

which the animals were grown is mountainous, and the farm on which they ranged rolling, with a soil of clay loam.

S. J. Sharpless, Philadelphia, Pa., breeder of Sonthdowns. The animals exhibited were shorn May 15, 1880.

As far as possible and when not prevented by snow in winter, they were pastured throughout the year, bnt as a

general rule ten months was the average extent of the period of pasturage. During about four months in winter

they were foddered upon mixed clover hay and received daily rations of one quart of oats and half a pint of wheat

bran. Beets and turnips also were fed to the ewes after lambing at the rate of half to three-quarter pounds. The

proportion of turnips fed exceeding that of the beets. Bock salt was always accessible.

Fail-mount Park Association, Philadelphia, Pa., breeders of Southdowns. The animals exhibited were shorn

the first week in May as closely as possible. They were pastured during seven months, but after August 6, 1880,

tlu-y had been penned because of their range being in the park, but the principal object was to prepare them for

exhibition. During the remaining five mouths of the year they were foddered with mixed hay, though clover is

much preferred by the managers. As a rule the flock was fed grain about six months of the year, beginning with

,a ration of a half pint per day for each animal which was continued until the lambing season, when it was increased
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to one quart. The grain mixture fed consisted of eight parts oats, six parts bran, and four parts corn. No con-

centrated foods such as oil-cake, &c., nor roots of any description were fed. Sulphur is mixed with the feed at the

rate of oue pound per week as needed, while salt was always accessible to the animals to take as desired. The

yield of fleece in grease by the whole flock was seven pounds eleven ounces, with limits of eleven and a half and

four pounds. The country over which the animals ranged is rolling and the soil a slaty clay.

William Homewood, Newark, Del., breeder of Shropshire and Hampshire downs. The animals exhibited were

Bhorn about May 20, 1880. They were pastured during seven months of the year, and during the remainder

foddered upon clover hay. Throughout the latter period they received daily rations of one quart of a mixture of

oats and corn, with no oil-cake or other concentrated foods, but in the winter months they were fed upon sliced

mangolds. Throughout the entire year they had constant access to salt in boxes, but received no sulphur, ashes,

or other like material. They ranged over level laud upon a soil of clay loam.

George Hammond, Middlebury, Vt. Flock sheared April 1, 1880. Pastured about five and a half months, and

foddered the remainder of the year upon herds grass containing a little clover. During eight months of the year

the animals received a daily ration of one pint of oats part of the time, and the remainder of the year the same

quantity of a mixture of oats and bran. Salt and sulphur are constantly administered to all except breeding ewes

in winter. The country in which the animals were bred is hilly and rolling and the soil clay. The flock gave an

annual yield of 12 pounds wool.

William L. Archer, Burgettstown, Pa., a breeder of Spanish Merinos descended from the Humphrey importa-
tion. His flock is pastured about seven and a half months, and during the remainder of the year foddered on

mixed clover, timothy, and blue-grass hay. It was also fed daily with about a half pint of a mixture of two parts

oats, one part corn, and one part bran, and had continual access to a mixture of ten parts salt, one part ashes,
and one part sulphur. The country is hilly but mostly tillable, and the soil a mixture of limestone, clay, and sandy
loam. The average yield of wool for the flock was twelve pounds.

John M. Miller, Hickory, Washington County, Pa. A breeder of Merinos of Atwood descent. In winter the
flock is stabled, but during the summer months is pastured. During six months of the year it is fed grain at the
rate of one peck per day for fifty head, the mixture being two parts oats, one part corn, and one part wheat bran.

The country over which the sheep ranged is hilly, but the land all tillable and the soil sandy clay loam underlaid
with limestone. The prevailing winds are southwest and mild and are considered very favorable to the animals.

Alex. McCalmont & Sous, Hickory, Pa. Breeders of Merinos of the Humphrey importation of 1802. The
flock was sheared on the first Saturday of April, 1880. It was pastured seven months of the year, and for the
remainder was foddered with mixed clover and timothy hay. During the second period each animal received a
daily ration of about a half pint of a mixture of two-thirds corn and oats, and one-third bran, and during the first

period the same quantity of a mixture of oats and bran. The country over which the sheep ranged is hilly, but all

tillable and the soil limestone. The average yield of wool for the flock is ten and a half pounds.
S. S. Campbell, Cadiz, Ohio, breeder of Merinos. The animals exhibited were sheared April 2, 1880. They

were pastured about eight months of the year, and received dry fodder about four months in a mixture of clover
and timothy hay. They also received daily rations of about half a pint of mixture of mill feed and oats, and for
about two weeks some sugar-beats. Salt was given twice a week and a mixture of sulphur and ashes once a
month. The soil on which the sheep were pastured is limestone and sandstone, and the country partly hilly.

S. C. Work. Sheep shorn April 17, 1880. His animals are pastured throughout the year, and have access to
rture of three-quarters timothy and one-quarter clover. About eight months of the year they receive daily

ions of about one pint of mixed oats and bran. During the winter they are fed a few mangolds. They have
continual access to salt, and receive sulphur and ashes once a month. In 1879 the average yield of wool for the

i twelve and a quarter pounds. The country is somewhat hilly and the soil limestone.
68, Burgettstown, Pa., breeder of Merinos. Follows same rules as Archer.

Robert Perrine, Patterson Mills, Washington County, Pennsylvania, breeder of Merinos of Atwood descent.The animals exhibited had been shorn April 15 previous. They were pastured about seven months of the year,

^^s^^^^^w^^^^^^^^^ttf&&sztsttstt$&*a~~
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Daniel Kelly, Whoaton, 111., breeder of Spanish Merinos of tho Crowninshield importation, but tbo flock is

not registered. It was shorn April -'.'5, LSSO, pastured 7J mouths, and tho remainder of tho year foddered upoii

timothy ha}'. It receives a daily ration equivalent to 1 bushel of corn per 100 head. As a hygienic measure it is

also fed with a mixture of 1 quart ashes and 1 quart salt. When tho grass is too fresh in winter it is always fed

with a mixture of half a pound copperas and 1 peck <>!' salt. Tho country is rolling and the soil on clay.

K. Peck & Sons, (Jeneva, 111., breeder of Spanish Merinos. Flock sheared May 10, 1880. Pastured 7 mouths,
and foddered ~> months with mixed clover and timothy hay. During four or five months the sheep are fed with 1

pint of mixed corn and oats, and salt once a week. The average yield of the llock is 12 pounds, 1880. The country
is slightly rolling prairie, and soil part loam, part clay, underlaid with gravel.

Of the wools exhibited littlo or no information concerning the animals yielding it could be obtained. That

shown by Mr. McDowell, of Washington, Pa., was of Merino type, descended from tho Wells and Dickinson flocks

of southwest Pennsylvania and northern West Virginia, so doubtless of Saxon or Silesian blood. Tho samples sent

from Oregon were labeled with tho facts given in our catalogue given below. In the latter we Lave endeavored

to present all the tacts concerning tho animal represented in each sample examined that could bo well shown in a

tabulated statement. I?ut before giving this catalogue it will bo of interest to present some of tho data obtained

from measurements upon the bodies of tho animals, made by the judges in each class. These measurements, as

may be seen below, show tho weights and sizes of tho animals and the length of the staple on different parts of the

body, to show the thickness of the lleeee. In the following tables giving these data we have given with each set

under the head of each breed the name of tho owner or exhibitor, tho register number or name of the animal rcpre-

!. and its age and sex. By these tacts tho data given may bo compared with tho measurements of tho wool

given in the tables of our results in this branch.

Tho weights of the animals need no explanation. They were taken with the animals in fleece as exhibited.

The length of staple was taken by parting the fleece at the parts represented and measuring its depth with an

ordinary foot rule. Tho other measurements were taken with tape measure. The shoulder girth was taken as

closely as possible to tho fore-leg, and the flank girth as near to the hind-leg as possible. The length of body
-ents tho distance from between the ears to the root of the tail. The figures thus obtained will be of especial

int. rest for tho comparison of tho several breeds named. They show the relative development of the animals at

different ages with a very considerable degree of accuracy, and though a larger number of measurements would

bo desirable, those here given will bo of value because they are reliable, and may, we hope, stimulate eucli

irements for comparison on tho part of others.

Weight and age of certain animal* represented.

Owner.
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Weights and ages of certain animals represented Continued.

Owner.
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Di-l>thx of staple of certain animals represented.

SOUTUDOWN.

Owner.
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Cataloque of samples oficool collected at the Intrrnational Exhibition of Sheep, Wool, and Wool Products Continued.'
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"dialogue of samples of wool cUcct?<l tit the International Exhibition of Sheep, Wool, and Wool Products Continued.
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Catalogue of samples of icool collected at the International Exhibition of Sheep, Wool, and Wool Products Continned.

Catalogue

num.

[]

bt-r

ol

sample.



INTERNATIONAL EXHiniTION OF SHEEP AND WOOL. 33

Cat'tloyttc of sample* oftcool collected at the International Exhibit ian of Sheej), Wool, and Wool Products Continued.

[German grade* contributed by \V. G. Maikham, Avon, K. Y.)
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PLATES SHOWING EEPEESENTATIVE ANIMALS EXHIBITED.

In the following plates we present reproductions from photographs of several of tlio representative animals exhibited by different

breeders, believing that they will prove both interesting and valuable in the comparison of the results to be given further oil. The photo-

graphs were taken at the close of the Exhibition, and some allowance must therefore be made for any apparent defects in condition of the

animals, should any bo noticed.

List offigures in Plates I to VIII, inclusive.

Xo.
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CHAPTER III.

EXAMINATION OF THE FIBERS.

MINUTE STKUCTUEE AND EXTERNAL FORM.

'With the preliminary statements aln-ady given we may now proceed to the description of ttie methods employed
in tin- examination proper, ami the consideration of the resnlts that have been obtained. In this connection wo
have construed tin provisions ot the law to direct a study of all the important physical characteristics of the staple

cil by breeders and manufacturers to have an influence upon the value of the animal for breeding purposes,
or sei\e a< aids in the determination of its value in the factory. This must necessarily embrace consideration of

the minute structure of the fiber, its length, fineness, tensile strength, ductility and elasticity, and its evenness as

ay or all of these properties. In some cases it has been necessary to examine them in connection with

cacli other, but ia every case we have endeavored to so conduct the tests and arrange the resnlts that the relations

en them can bo readily made out and their relative importance in the fixing of the value of the material

easily determined.

The work of examination proper was begun as soon after the close of the Exhibition as circumstances would

allow, but the difliculties which naturally arose, dependent upon the character of the study required, prevented
its prosecution in the logical order in which wo have endeavored to arrange the resnlts. These difficulties depended
upon various causes, among which the more prominent were the lack of precedents in the United States and the

jueut luck of reliable instruments and methods with which to carry out the details of the several operations
involved. Hence it was necessary to devise new methods of work and new instruments of precision for making
the measurements, cause the latter to be constructed, secure and train assistants, and provide for the many
apparently unimportant details that could only be cared for as they arose. All these caused serious seeming losses

of time, and occasioned great delay in getting the work in that systematic order which can alone furnish satisfactory

:.s. These difficulties will be evident and perhaps partially appreciated upon inspection of the descriptions of

;he methods and apparatus employed in the several branches of the work.

The study of the minute structure of any material must always be attended with perplexing difficulties, and the

examination of fibers in this respect furnishes no exception to the general rule. Not, indeed, because we have no
lents to guide us in such work, for the classic researches of Nathusius and Bohm have furnished many facts

of infinite assistance, but because of the properties of the material under consideration. As we shall see further on,

wool differs from almost all other kinds of material in several important particulars. To discover special forms of

structure the microscope must of course bo employed, but the fiber is apparently so uniform throughout, and the

lines of structure so weakly defined on account of its transparency, that they may only with considerable difficulty

je detected. If, therefore, a specimen of wool be inclosed in any properly refracting and transparent medium,
such as water, oil, solution of gum, balsam, or resin, and examined in the microscope with transmitted light, its image

nts the appearance of a more or less broad transparent band. "With a microscope of high magnifying power
and with the light passing through the fiber and the instrument to the eye properly directed, faint lines may be

seen crossing the image in a more or less irregular way, while the edges of the image will appear either almost per-

fectly regular, or it may be slightly serrated, or more properly dentate, the latter quality differing in intensity with

the race from which the fiber had been taken. Other than this, and with one further exception, the fiber thus pre-

sented appears to be perfectly amorphous and very transparent. This further exception to be noted is found in

the pigment that is deposited throughout the center of the fiber of certain breeds of which it appears to be almost

characteristic. Forming as it does, an important part of certain classes of wool, it will be described further on,

when its peculiarities will be considered in detail.

lint it under ordinary conditions the fiber appears to be amorphous in its internal structure, it is quite differ-

ent when examined after being subjected to the action of re-agents which may impair its transparency or effect ita

35
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partial or complete disintegration. Under such circumstances it appears to be cylindrical in shape, covered with

irregular scales or epithelia, and consisting of a bundle of elongated fibers, sometimes surrounding a central cel-

lular cavity or canal filled with granules of pigment. These appear to be the three principal parts of the fiber

of importance in either a theoretical or practical way, and we shall therefore develop them separately.

If a bundle of fibers of wool bo placed upon a glass slide covered with either sulphuric or acetic acid, or with

solutions of the fixed alkalies, they quickly begin to swell, and upon examination with the microscope the transverse

markings already mentioned become prominent and, the irregularities or serrations at the edges of the image more

marked, while longitudinal striations become apparent within the body of the fiber. If to the re-agents thus

employed there be added any substance that may of itself or by subsequent change further impair the transparency

of the fiber, many of these characteristics become more completely developed and visible, and may be very readily

studied. To this extent this preparation of the fiber presents but little difficulty, but to effect the development of

the external markings to such a degree that they may be thoroughly studied without causing too great distortion

of the parts involves the exercise of greater care. However, for the study of the minute structure without reference

to differences depending upon breed or external conditions, the re-agents we have mentioned will fully suffice. Of

these we chose for the first gradual disintegration of the fiber that recommended by Nathusius and Bohm, viz,

sulphuric acid.

If, as already stated, the fiber be placed upon a glass slide and covered with a glass cover, a small drop of

water having been applied to hold the cover in position, one or two drops of very strong sulphuric acid be applied

to the slide near to the edge of the cover, it will spread, and upon reaching the latter will be drawn under it by

capillary attraction. If then the slide be placed upon the stage of a good microscope of fair magnifying power the

changes which the fiber will undergo may readily be observed. The first that may be noticed is a gradual swelling

or expansion of the fiber, and almost concomitant with this, the transverse markings, not readily observed without

obliquelight, make their appearance, andvery often, unless very strong acid has been employed, no further action seems

to take place. If now the slide be removed from the microscope, gently warmed over a lamp, and quickly returned

to the field of observation, the transverse markings become more prominent, the serrations at the edges of the

image more distinct, and finally very thin scales or epidermal epithelia, as they may be called, begin to curl at

their edges, which cause the transverse markings to ultimately separate from the main body of the fiber and float

away through the acting medium. As soon as they separate from the fiber, and even before being completely free,

they curl upon themselves, and finally roll into compact coils, so that in their free condition their form cannot be

determined with any degree of satisfaction. They are very thin, according to Nathusius, having a thickness of

only 0.0014 millimeter, and very transparent.
But if when the acid has so far acted upon the fiber that it has become thoroughly softened, and before these

epidermal scales begin to curl, they be subjected to strong pressure through the medium of the cover-glass and
without any lateral motion to cause abrasion, the fiber may be completely flattened

;
the epidermal covering seems

to split in the direction of the length of the fiber, and spread out, affording an excellent opportunity for the study
of the form of these scales or epithelia. Their form naturally varies greatly with the variety of fiber to which

they belong, and, in the comparison of the external characteristics of the fibers of different breeds, they form nearly
annular layers about the shaft of the Merino fiber, being very narrow in the direction of the axis of the fiber, and

comparatively very wide in the direction of the circumference of the fiber in the finer staples and of very irregular
forms in the fibers of the coarse-wool breeds. Some of these forms as separated by the acid mediums are illus-

trated in Plate VIII, A, representing specimens separated from a Cotswold fiber, and as seen floating about in

the mounting medium. As they separate they appear to be arranged upon the fiber in somewhat the same manner
as the scales on a fish, and they should therefore tend to confer upon the fiber the felting property for which wool is

celebrated and upon which the value of the staple for manufacturing purposes so largely depends. But the manner
of their attachment must still remain an open question, though the action of these scales in the felting operation
need be no matter of doubt. As we see in the sketch they are usually very irregular in form, especially in the
coarser wools. In some cases we may detect markings which seem like neuclei, but these are so ill defined, and
appear so much like particles of fatty or other extraneous matter, often attached to the fiber in the raw condition,
that we can scarcely accept them as neuclei. Many of these scales are entirely free from any such markings, and
probably represent the true character with this regard. The forms of the scales when separated as above de-
scribed are well illustrated in Plate VIII, B, made from a photo-micrograph obtained by solar projection.

After the fiber immersed in the sulphuric acid has been deprived of this outer covering of epidermal epithelia
or scales, it suffers still further disintegration. To hasten it, warming as before may be necessary. Longitudinal
striations appear and become more marked, the fiber more swollen, and eventually it breaks clown to a mass of

elongated fibrous cells which overlap each other throughout the length of the shaft. These cells are more or less

spindle-shaped, and as they float through the mounting medium, in consequence of currents produced by pressure
applied to the cover-glass by means of a mounting-needle or other instrument, they are found to be flattened or
oval in their cross-section, nearly of uniform thickness throughout their length in the direction of one axis, but
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tapering to-.vard each end in tin- direction of the other. Generally they may bo completely severed from each other
atle abrasion causal by slight pressure ;inil movement of the cover-glass, bat very often they separate in

bundles or clumps. Hero their arrangement as regards each other within the fiber may be more easily observed,
nii'l they arc found to be arranged in much the same manner as the ligneous fiber cells in vegetable tissue. Indeed,
in many particulars they arc comparable to the latter, and with this difference, that when thus treated they are

much more pliable. Thus the cells are arranged as shown in Plate IX at a. If the portion of the fiber thus under
examination l>ave sull'cred rupture at any point, the fibrous cells are partially separated and give the appearance of

great laceration at the ends. When motion of the mounting medium that is, of the sulphuric acid above referred

to is set up by pressure upon tlio cover-glass, the disconnected ends may bo seen to sway backward and forward
with it until they are finally d(*u-lied. This is illustrated in the plate in the cells shown at b. These cells sway
backward and forward for a time, then loose themselves and float away through the medium. Both before and
after detachment, in the dillereiit positions in which they may be examined, it seems impossible to detect any signs
of iieuclci. though they are said by some authorities to exist. There are some markings which seem somewhat like

elongated iieiiclei, but there are many reasons for the belief that these may be due to refractions of light passing
through them, and caused by longitudinal striations that may often be distinctly seen, as shown in the plate at o.

The cells are more or less flattened, and are sometimes more or less twisted upon themselves, so that these light
effects may often become exaggerated ;

and unless neuclei may be better defined than we have been able to see

them, their presence must still remain a matter of doubt. But in the study of the cross-section of the fiber, some
kind of central marking is very prominent.

Nathusins says with reference to these cells: "It is difficult to state what may be their size, for they often vary
in the same specimen when differently treated. It is probable that they are separated by the solvent action of

sulphuric acid npon the true cell membrane, and the horny kernel alone is apparent, so that we may only guess at
the true dimensions. This fibrous tissue is swollen by water, and sulphuric- acid mast swell it even more."

The tissue consisting of these elongated cells therefore constitutes the principal body of the fiber. In some of the
coarser libers there may bo found within this portion a central canal of cellular cavities filled with a characteristic

granular pigment. The ultimate forms of the parts of this canal cannot, however, be studied in this treatment with

sulphuric acid, and we shall therefore describe the method of separating it and the form of its parts further on.

When stronger acid is employed, stronger heat applied, or the action more prolonged, the cells become
finally dissolved and disappear.

We have also studied the minute structure of the fiber through the medium of its cross-section, and this method
of st udy is of interest from many points of view, one of the most important of which is the method of obtaining and
supporting good sections for examination. All who have had occasion to study fibers have had this serious difficulty
to contend with.

The matter of securing sections of any kind of material for microscopic examination is always attended with

peculiar difficulties, depending in each case upon the nature of the material to be operated upon. But in most cases
the material may be made self-supporting if this be not its natural condition, and if it be sufficiently firm to resist

the action of the cutting instrument in the operation of making the section. On the other hand, the thin section
obtained usually presents sufficient surface to enable it to be readily mounted and supported for examination and
study. But with detached fibers this is scarcely possible. Even with the most perfect instruments it is difficult

to make sections of thickness less than one or two thousandths of an inch, and this is often greater than the diameter
of the fiber to be examined. Occasionally by rare good fortune thinner sections may be secured, but the thicker
ones are the general rule. When, therefore, they come to be mounted upon the slide they fall npon the side, and
observations npon the end section become impossible. Then, too, the flexible character of the fiber prevents the

possibility of making transverse sections of it, unless it be suitably supported. To this end Rohde has recommended
drawing the fiber through a good solid elastic cork and making thin sections of the latter. His mode of operation
consisted in threading a needle with silk thread, attaching one end of the fiber under examination to the end of the

thread, and thus passing it through the cork. After the thread and fiber are drawn through the opening made by
the needle the elasticity of the cork causes it to close over the fiber and hold it firmly in position. When several
fibers have thus been put in position the cork is placed in the section cutter and thin sections made. But Rohde
found it very difficult to mount upon the slides for examination the sections of the fibers thus made.

Natluisins recommends supporting a bundle of fibers in gntta-percha. He softens the gutta-percha by warm-
ing, inserts the fibers while it is warm, and when it is again hardened by cooling mounts in the section cutter and
makes sections in the usual way.

Voigtlander uses glue for support in cutting. He makes a thick solution of glue, immerses the fibers in it

while warm, and when it becomes sufficiently hardened by cooling makes the sections in the usual way. The glue
is then dissolved from the sections by means of water and the sections of fiber mounted.

All of these methods are attended with various serious difficulties. The fibers may readily bo put in position
in the cork after Rohde's plan, but it is difficult in the first place to secure corks free from hard woody knots which
are sure to injure the edge of the cutting instrument, and in the second place it is equally difficult to remove the
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wool sections from the cork and mount them upon the slide for examination. The gutta-percha support of Na-

thusius is apparently more desirable, but Bohm objects that the heat necessary to soften it may affect the
fiber,

while the material itself is difficult to cut. The glue of Voigtlander is still more undesirable, both because

when it may be cut it is scarcely sufficiently firm and because of the objections urged by Bohm that the water it

contains, and that employed in separating the sections of fiber from it preparatory to mounting, has a tendency to

distort the fiber and make it unfit for proper examination.

In our own investigations all of these materials and many others have been made the subject of careful ex-

periment. In the first place we adopted the method of Kohde of supporting the fiber for cutting in selected cork,
but this was soon rejected because of the objections already stated. It was difficult to find and mount the sections

after they were made. The edge of the cutting instrument was ruined by the action of the little hard knots

occurring in the cork, and the thickness of the sections of the fiber was greater than their diameter, so that it was

impossible to maintain them in proper position on the slide for examination. This was followed by placing a

bundle of fibers in an upright position in a thick solution of gum contained in the cavity of a section instrument

provided with a freezing attachment. The gum was frozen and thin sections made. The section of gum quickly
melted and the sections of fibers were liberated

;
the latter were then collected and mounted for examination. But

here, as before, it was found impossible to keep the sections in a proper position on the slide, and this plan too was
rejected.

These experiments proved the necessity of selecting for a support in the section instrument some material,
sections of which, containing the sections of the fibers, could be mounted upon the slide and the latter examined in
situ in the supporting medium. To this end the fibers were immersed in various preparations of gelatine. In
the first place strong solutions of gelatine in water were made, and the bundles of fiber immersed therein while
it was warm and therefore fluid, and held upright by various devices until the glue cooled and became solid. It
was then allowed to dry until it became sufficiently hard to cut, when it was placed in the section instrument and
sections made. But it was found that the water of the glue had a tendency to contort the fibers on one hand,
while the great contraction of the glue by drying made it very undesirable. To avoid this latter difficulty, how-
ever, solutions of glue were prepared with glycerine, but it. was found that the glue when sufficiently soft to be cut
nicely was too elastic, and it was impossible to get good sections, even with the sharpest knife. Finally, all prepara-
tions of gelatine were abandoned and various preparations of wax experimented with, but they were found unsat-
isfactory, principally because they were so deficient in transparency, and hence they too were rejected. After our
experiments with all the substances above described, paraffine was presented to our attention and has really
proved the most desirable of all. For though many objections may be urged against it, its brittle character, its

crystalline structure when cold, its tendency to curl in making sections, yet these difficulties are more than counter-
balanced by its easy fusibility, its transparency, and its indifference to the reagents employed in treatment of the
fiber. We have, therefore, employed it in all our work in making cross-sections of the fiber, and it has served a
lost useful purpose. Whenever this may be desirable, the brittleness of the section and its crystalline character

ie destroyed by mixing with it varying proportions of cocoa butter. But in our work this did not seem to be
desirable or necessary.

In
preparing

the sample of fiber for making the cross-section the following details were carried out in our
te. In the first place, the cavity of the section instrument is filled with melted paraffine. The sample

|

operated upon is then dipped in the paraffine and left immersed in it until it is thoroughly impregnated and
rom air It is then grasped at each end and firmly stretched to straighten the fibers without deforming

Before
the paraffine has had an opportunity to become perfectly cooled and set, the sample is drawn*omb and forefinger to compress it and crowd the fiber into the smallest poss ble space It is now

as bef<> * aUowed to cool. Thus prepared
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PLATE X.

Diagrammatic sections or Cotswold fibre secured

by coin r prelection and tracing.
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Photograph of Cro Section of Coturold fibre x 310.

Section made by supporting in paraffine,

and prepared for examination by treatment
with sulphuric acid and mounting in cotton-

seed oil.
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of potash or soda. By either of the latter means the development of the internal .structure may ivadily bo effected.

The disintegrating agent acts only upon the wool, without affecting the i)araiUno. Almost immediately upon

mounting the specimen in either of these agents the libers begin to swell. Tho outer layer of flat cells or epithelial

-; and (lie inner elongated cells slowly become apparent, and the liber ultimately presents the structure shown
in detail in the figure representing cross-sections of Cotswold libers. Tho outlines of the form are secured by

projecting the image upon a .screen ami tracing the image. Here the cylinder of elongated fibrous cells is plainly

manifest. The elliptical form of the cells, \vith the central marking already mentioned, are fully shown. In this

lignic xv c have also givi-n .somewhat of prominence to the outer layer of flat or epithelial scales, for though they
> thin as to be almost invisible in cross-sect ion with the powers that must be employed in this study, yet under

the action of the disintegrating agent employed they soon begin to separate and cause the protuberances shown at

8 8 S. '! .n to correspond wit h the division lines of the scales wherever the side of the liber is

visible, as in Plate X.

In this enlargement, also, the central canal, usually tilled with pigment, becomes very marked', and the general
struct me of the liber is thus fully illustrated. First, we have the outer epithelial covering, then the inner cylinder
of liliro-cellular tissue, and finally the inner cylinder or core of pigment, and this will apply in general to fibers of

nil breeds, though in some of them, as we shall see later, the pigment may be entirely wanting. As we have already
Lit \ve in. ike a microscopic examination of a bunch of wool fibers mounted in gum, Canada balsam, oil, glycerine,

or other highly refractive medium, and with transmitted light as a means of illumination, wo find it to giro an image
almost homogeneous throughout, sometimes having the appearance of a transparent band, in some cases with slightly

ril (Merino), in others with almost uniforni or even edges (Lincoln). Sometimes, upon very close examination,
the i markings already mentioned may be faintly seen, but they are never prominent. Sometimes we find

extending through the center of the image a band apparently more dense, dark by transmitted light and brilliantly

white in reflected light. It is at once recognized as the pigment canal already mentioned. Occasionally the pigment
is dissolved from the canal at the end of the fiber by means of the mounting medium, and the structure of the canal

may be observed. This peculiarity, together with the form and arrangement of the external epithelial scales and
the forms of the individual fiber, constitute the subject of this branch of our investigation. In the outset it was

hoped that the results to be obtained here might serve as a basis upon which to found a system for the determination

of purity of blood in different breeds, but how far anything of practical value may be developed from them will

appear further on. To make these characteristic markings more prominent, so that they may be readily studied, the

liber under examination must be treated to reduce its transparency and slightly spread the scales upon which the

markings depend. To this end the fiber must first bo cleansed and freed from the natural grease with which it is

covered. This operation also effects the desired slight displacement of the scales. The fiber thus cleansed is then

colored to destroy to some extent the transparency. Very extensive experiments were made with vegetable colors,
aniline dyes, and other staining materials ordinarily employed, to determine which of them could find useful

application here.

But all these failed to give any satisfactory result. We then tried a solution of silver-nitrate in the strongest
water of ammonia. The fiber without any previous treatment could be immersed in this solution directly, and
after sntliriently long digestion it is removed, dried, and either exposed to sunlight or heated on the drying-plate.
Th ! s whole treatment causes the fiber to swell somewhat, but the distortion occurring is more than counterbalanced

by the results obtained. All the transverse markings showing the form and arrangement of the scales may be

easily seen. So also the fiber may be washed with an alkaline solution or soap, dyed with aniline, and finally

treated with sulphuric acid. But the treatment with ammoniacal solution of silver-nitrate has proved by all means
the most satisfactory in all the drawings we have made and have now to present.* But before proceeding to their

discussion it will be of interest to describe the method wo have used to enable us to secure accurate and faithful

drawings of their external characteristics. In the first place, the fiber is treated with the silver solution just men-
tioned. Then after drying it is mounted in Canada balsam, or other suitable mounting medium, and the slide

holding it placed on the stage of the microscope. The latter is then inclined so that the tubes occupy a horizontal

position, and an image of the fiber be projected on a screen by means of a ray of sunlight
Let me describe the arrangement of the instrument in somewhat more of detail : In the first place, the ray of

sunlight is caught upon the mirror of a Keith's heliostat, and reflected through two condensing lenses to the

Webster condenser of the microscope; the latter condenses the light to a single focas at or near the center of the

field of observation. Usually the one-fourth or one-eighth inch objective is employed, though a Spencer one-half

inch, with 100 angular aperture, was sometimes employed. The image formed by the eye-piece is projected to the

n, or, by means of a small reflecting camera to be attached to the eyepiece, it is projected upon the table; when

the focus is properly adjusted, the details of the image are traced with either pencil or pen, or they may be secured

by photograph. The figures given in Plates X I to X XXVI were secured by tracings of projections thrown upon the

Later work proved that strongly condensed eolar light and oblique rays will develop very clearly the details, so that they may

readily be traced from projection. The mounting medium, however, is important, and a mixture of. equal parts of glycerine and alcohol

will give by far the most satisfactory result.
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table- In most cases higher powers were employed to bring out the details, for in this connection the one-fourth

Crouch and the one-eighth Spencer were found to serve a better purpose. In the examination of these figures it

must be borne in mind that the fibers when employed for making the drawings were somewhat distorted by the

preliminary treatment of staining they had received, but as a fact the deformity from this cause was very slight.

When examined in the natural condition the projections at the edges of the images are very slight, and in the cases

of the Cotswold, Lincoln, and Leicester fibers, scarcely perceptible. This is true to a large extent even when the

fibers have been treated, so that, as might be expected, some little exaggeration has been necessary in the draw-

ings to give prominence to those peculiarities that could only be brought out in the microscope by varying the

focus or the direction of the incident light. Here we have an appearance of overlapping in the arrangement of

the scales, but it is difficult to determine with certainty that this occurs, though from the form there is every

probability that it does to a greater or less extent, and that the scales occupy much the same relative position

toward the fiber that the pavement epithelia do to the mucus surfaces. On this subject Bohm makes the

following remarks :

The epidermis (cutieulapiU), or outer covering, completely surrounds the fibre-cellular portion of the fiber, and consists of extremely

thin, flat epithelial scales lying across the spindle-shaped cells within. These scales are either joined at their edges, or they overlap like

shingles, the latter giving to the image of the fiber the dentate appearance characteristic of certain breeds. They are differently arranged
in the fibers of different races of animals, and even in different breeds of sheep. In some we find the scales alternately arranged without

overlapping at the edges, so that they appear like shingles, while in others, such as in the pure-bred Merino, they seem to form annular

layers around the whole fiber, and appear like cones inserted within each other: It is this overlapping, when visible, that gives a dentate

appearance. Thus far no nuclei have been detected in these epithelial scales.

As to the latter point, our own investigations have confirmed the conclusions of Bohm. Even with the most
varied treatment we have been unable to develop any traces of nuclei. Nor have we been able to determine the

manner in which the scales are joined to each other. There are many reasons to support the conclusion that they
are attached to a special membrane surrounding the fibro-cellular cylinder, a membrane exceedingly thin and

transparent, and difficult to detect even under the most favored condition. This layer or membrane with its scales,

like the contents of the pigment canal, seems much less soluble in strong alkaline solutions than the fibro-cellular

mass, and while the latter is rather quickly broken down and dissolved by the re, -agent mentioned, this with its

scales remains intact for a long time under the same treatment. This becomes apparent if a fiber of the coarser

wools be placed upon a glass slide and covered with a small quantity of a strong solution of potassium hydroxide

(caustic potash) and left for some time to digest. The same effects may be obtained more readily by careful

heating.

By observing the fiber, from time to time, and gently crushing it by pressure upon the cover glass, the fiber

will be seen first to swell and show the characteristic markings due to the scales, then to exhibit the outlines of

the elongated cells of the inner cylinder, and very soon the latter disappear completely by solution, leaving the

membrane in question in patches over the plate. We have succeeded admirably in separating the scales by this

method, as may be seen from the reproduction of the photograph we have to present herewith, Plate XI, showing
that in the case of Cotswold wool, either the scales are attached to an exceedingly thin membrane or they are

joined to each other by their edges. At any rate there are here no evidences of the overlapping mentioned by
Bohm. Yet, when we carefully examine the edges of the image in the microscope before the disintegration takes

place, we note a dentate appearance that can scarcely be ascribed to any other cause. But even the popular
knowledge concerning the long wools would lead us to expect this to be less prominent in the long coarse wools
than in the shorter finer ones. But as concerns the scales, what we have most seriously to consider here, with a

possible practical end in view, is the character of the workings in the image of the fiber developed by this form
and general arrangement, for it has been suggested, and the results of our investigations have tended to confirm

it, that these markings, together with others, might be employed by breeders for the determination of the purity
of the blood of any breed operated upon, and especially those having fine wools in which contamination with
coarser-wooled blood may have occurred.

Eeferring to our plates, which it is to be regretted had to be curtailed both because of the space they
naturally require and the time involved in their preparation, we find upon general examination that while the
differences between the fibers of several breeds here represented are to some extent indefinite, they are suffi-

ciently decided to distinguish between the two great classes into which wools are naturally divided; that is to

say, between the long wools and short wools
;
the Cotswolds and Lincolus OH the one hand, and the Merinos and

Downs on the other. In the coarser and longer wools we find a greater tendency to angular forms, less difference
in the width of the fibers in different directions, greater approach to the rhombic forms as suggested by Bohm.
The outlines of the scales are much more broken, and the edges have a tendency to form an angle with the longi-
tudinal axis of the fibers instead of being nearly perpendicular to it. There is little or no parellelism in the lines
made by the edges of the scales. These characteristics are especially marked in the various plates, XII to XX,
showing the forms of typical fibers of the Cotswold, Leicester, and Lincoln races, and they appear more decided
when the images are developed with the higher powers. Here, too, we may see some distinctions between the
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iwold fibre x 180. Prepared for Photogi
by treatment with Potaah and mounting in wat-'i .
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Leicester fibre x 180 Prepared for Photograph
by soaking in Potash and mountiiig in water.

Sample No. 113.
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Lincoln fibre z 180. Prepared for Photograph
;4tmont with F<^taah and mounting in watt

fl* No. 60.

Southdown fibre x 180. Prepared for Photograph
by treatment with FotAnh and mounting in water.

Sample No. 94



PLATE XXVII

No 5.

Oxford fibre x 180. Prepared for Photograph
by treatment with Potash and mounting in "water.

Sample No. 65.

Enlargement at "a" due to imperfection in fibre.

No. 6.

Merino fibre x 180. Prepared for Photograph
by treating with Potash and mounting in water.

Sample No. 73.
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characteristic.., of tin- libers of thc.se long-wooled breeds. When wo examine the fibers in the fingers wo find the
Leicester and Lincoln more glossy and smoother than the Cotswold. When we examine tin- libcis of these same
breeds with the microscope we find that there is less tendency to serration in the edges of the image in tho former
than iti the latter, and when \ve examine them after staining with Mlvcr-niii , pntfaa for these
drawings, \ve find that in many cases the angular forms arc almost universal, the pavement form is prominent, and
little or no overlapping seems to occur in the Leicester and Lincoln, the Lincoln taking the lead in this particular.
In the Cotswold the angular character is less marked, and in the Leicester \vo find certain fibers in which it is wank
ing, while the gradations from one to the otheralmost servo as a means for their differentiation. Further study of
these forms and tlu-ir arrangement will doubtless furnish data upon which estimations of the felting property of
wools may be based.

Now, in the other classes, on the other hand, wo find very great differences in tho width of Uio scales In
dillerent directions. In tho Merino wo find tho scales to bo somewhat like narrow patches drawn around the
circumference of tho liber, and sometimes surrounding it in almost a spiral form. The broken and angular forms
are here almost entirely wanting, and the curved form is more common. In many cases a parallelism in the edges
is very marked, and especially so in the wools of German origin, though it is also very prominent in those from
other sources. It also occurs in the "

Down," but not with tho same regularity, at least as far as shown in the

samples we have had occasion to study. Tho Southdown appears to adhere most closely to the general type of
finer or shorter wool forms, while in the Hampshire there is greater variation, though tho characteristics are

apparently fixed oven here. In all of tho short wools we find some exceptions, however, more prominent in tho
"Downs" than in tho Merinos, and whether these should be ascribed to bad blood in either case or to bad nutrition

of the animal during the development of tho the fiber, or an impaired condition of health during tho same period,
It is impossible without further examination, thus far beyond our power, to determine. But we are fairly well

satisfied that none of the exceptions that are here shown are due to any great admixture of foreign blood, except

possibly in those of tho Hampshire breed. Bad nutrition and bad health should produce variations and abnormal

inequalities in tho forms of the scales as well as in the outlines of the fiber itself. This point we shall endeavor to

develop further on. But the influence of blood upon the form of the scales is prominently illustrated in the wool of

the Oxforddown breed, a breed well known to have arisen from a cross between the Cotswold and one of the Downs.
Here wo see, in some cases, scales whose width varied in the different directions, the parallel edges and the

greater or less overlapping; bat at the same time we find very many fibers showing the irregular angular forms

characteristic of the long wools, while the other markings shown are nnmistakable evidences of the origin of the

breed. The combination of these forms is well shown in the figures of Plate VI, at a a.

The pertinacity of these distinct forms is especially marked in the crosses between the long-wooled breeds and
the Merinos. Here we find both forms in the same fleece in varying proportion, depending much upon the grade
of the animal. Of course the characteristics of the ono side may bo largely obliterated by continued breeding
toward the other, bnt the experience we have had in all the work seems to show that when once tho bloods

are mixed there is always a tendency to revert to either typo in certain individuals, even under the most careful

conditions of breeding. We have seen instances in which the wool of animals (Merinos) of excellent reputation

and undisputed pedigree, contained fibers which in their structure and general characteristics, and indeed in

specific characteristics as well, led to the opinion that at some point in the history of the ancestors there must

have been some contamination with Cotswold blood. At any rate it impressed us with the importance of more

extended and careful study of tho minute structure of the fiber by breeders of stud flocks, in^which
the purity of

blood is of the highest value. The forms in question are so readily detected and are so marke'd that they present

a ready means for weeding out the imperfections so greatly dreaded, when pure strains are the principal object in

view. So also in the Oxford, which is known to bo descended from a cross between the Cotswold and ono of the

Downs, wo find the characteristics of both breeds marked with tho greatest distinctness. Some of the fibers show

in their minute structure all the characteristics of the Downs ;
others again appear like the Cotswold, while a third

class seems to combine tho characteristics of both. The angular forms of the scale of the Cotswold are verj

persistent hero, and the pigment matter confined to a central canal or distributed through a fibro-cellular tissue of

the fiber is also present, though to not the same degree as in the Cotswold.

An instance of this may be seen in Plate XXIV, Sample 275 E, showing the image of fibers of a sample of coi

mercial grade of " fine unwashed wool." Of its origin wo have no knowledge; but from its characteristics we con-

clude it is from a Merino contaminated with long-wool blood.

In further illustration of these peculiarities we have taken occasion to make photo-micrographs

treated as to render the markings due to the forms of the scales more prominent, and the results of tins \\

shown in the accompanying Plates XXVII and XXVHI. To prepare the fibers to be pbot<

placed upon the glass slide used in microscopic examinations, covered with thin glass and treat*

solution of potassium hydroxide (caustic potash). This causes the fiber to swell and become somewhat

but does not interfere greatly with the object we have in view, viz, to show the different form

wools of different breeds. When the fibers have thus become softened, tho cover-glass is carefully p



42 INTEBNATIONAL EXHIBITION OF SHEEP AND WOOL.

so as to secure a flat field, the fiber under examination brought into focus, the image projected into the camera

and fixed on the plate by the ordinary photographic process. Here we find much the same differences as before,

and we see how easy it is to determine the breed to which a fiber belongs. In the Cotswold we find the lines

indicating the edges of the scales more irregular and broken than in the Leicester and Lincoln; and more so in

the Lincoln than in the Leicester. In all of them the scales are more or less oblong, but in width they are much

larger than in the Downs and Merino. The Oxford here, as in other particulars, shows indications of its origin,

and the Southdown the similarities with the Merino already mentioned. In this process no staining material was

necessary to develop the lines, but in the preparation of the plates given before it was necessary to stain the fibers

with silver-nitrate in solution in concentrated ammoninum hydroxide (ammonia water). However, the plates will

sufficiently explain themselves without further discussion.

We may now return to the consideration of the remaining portion of the structure of the fiber, the pigment

canal already mentioned. This is a matter of some importance since it is a leading characteristic of some of the

long wools, and is apparently wanting in short wools. If we compare locks of Cotswold and Lincoln wool we find

that a large proportion of the fibers in the former are more white and opaque than the others, and that the whole

bunch has very much less of luster than the Lincoln wool. When these Cotswold fibers are examined in the

natural state with the microscope we find extending through the center a band of matter more or less broad, which

is very much more opaque than the matter surrounding it. The forms of this band are given in the various plates

showing Cotswold wools. It appears to be of irregular thickness and to allow more light to pass through at certain

places than at others. If these fibers be treated with potassium hydroxide as already described until the fibro-

cellular tissue is completely broken down we find that there will be separated a column of comparatively large

angular cells apparently filled with granular coloring matter or pigment concerning the character of which very -

little is known. This coloring matter, according to Bohm, is distributed over the inner walls of the cells, but so far

as our own examinations go this is difficult to determine. The forms of the cells thus separated from each other,

shown in the accompanying diagram, are taken from a microscope projection. In this case the fiber had been com-

pletely broken down by treating with potash solution and abrasion. The changes which the structure of the pig-

ment column undergoes in this gradual disintegration are well illustrated in the photomicrographs taken for the

purpose. But the fibers here represented had been treated with sulphuric acid and heat, and the action stopped

at the proper stages by addition of water.

In Fig. 1 of the plate we have a representation of the first action of the acid or the first stage of the disinte-

gration. The fibro-cellular texture of the fiber is apparent. The pigment column in the center is beginning to

break down and the lines of separation between the cells are plainly seen.

In Fig. 2 the fibro-cellular matter is still further destroyed, pressure upon the cover-glass has forced the pigment
cells apart, and in some cases they may be seen completely detached. In most of them, also, we see indications

of the granular character of their contents.

Passing to Fig. 3, we find the disintegration complete. The cells are fully separated from each other, and the

.granules of pigment within them are easily seen. These are considered sufficient for our illustration. The several

intermediate stages not here shown may be seen by any one having a fairly good microscope. It is only necessary
to clean the wool by washing with ammonia, then to place a small tuft on a slide cover with thin glass and apply

sulphuric acid and watch its action, occasionally pressing upon the cover. First, the scales will rise and disappear;
then the fibro-cellular tissue will be acted upon and eventually dissolved, and at the same time the pigment col-

umn will enlarge, the cells begin to separate, and finally float away singly through the acting medium. After the

complete disintegration, water may be added to stop further action of the acid, and the cells studied at leisure.

According to the German authorities, the presence of the pigment column or canal in the fibers has a serious

effect upon their strength, but we do not find in our experiments that this statement is confirmed. We find it

almost peculiar to the Cotswold breed, so far as our examinations have extended, though Bohm and others say
it belongs to all animals covered with fibers tending to the hairy type. We have seen only traces of it in the Lincoln

wool, however, and none whatever in the wool of the pure Merinos and Downs. In the Oxforddown wools it is

naturally present, and is another evidence of the origin of the breed. It is not always confined to a single column
or canal, nor does it always extend throughout the entire length of the fiber containing it, for it frequently occurs

in detached masses in the center of the fiber, or distributed through nearly the whole of the fibro-cellular tissue.

This refers only to the white pigment, which alone we have had an opportunity to study. The colored, black, or

brown pigments are not.so confined, and differ in character, being distributed through the entire mass of the ftbro-

cellular tissue. Since it seems to affect neither the strength nor the elasticity of the fiber, so far as we have been
able to determine, the principal interest it may have will depend upon the fact that it is peculiar to the long-wool

breeds, principally the Cotswold, and entirely wanting in pure Merinos. Taken in connection with the diameter

of the fiber and the forms of the scales, it must assist in the determination of the purity of the blood of the animal

under consideration. If a fiber containing the pigment canal be treated with a strong solution of potassium or

sodium hydroxide, and with the aid of heat it gradually disintegrates, the fibro-cellular tissue is completely broken
down and many of the cells dissolved, while the cells constituting the pigment column or canal remain intact. By
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longer action of tho solvent they are separated from each other, and upon agitation caused by pressure upon tho

cover-glass they separate and become distributed independent of each other through tho surrounding mass. \\'o

we then ihul thuui to consist 'of irregular musses, in many cases angular, in some cases rounded, and generally
lined or tilled with granular matter of which, as already stale.

1, tho true nature has never been determined.

In tho study of tho wools constituting tho collection under present examination, one cannot avoid being struck
with the lack of what tho German authorities term Ecauuu Treue, or uniformity in the diameter of the fiber

throughout its length, ami this property is probably ouo of tho most important, if it does not even stand first

in the dcteiminatioii of tho commercial aud industrial value of the .staple. It is tho result of two causes,
the ouo atrophy, of tho liber at certain parts, tho other hypertrophy. lu other words, when we examine a

sample of uneven staple with tho microscope, wo notice a greater width of tho images at some parts than at

others, and tiiv.-v variations are by no means wanting in interest, nor are they absent in many of tho animals

said to have i .hat tv.iv ami teed. In some cases we find a sudden contraction of tho fiber at certain

points (atrophy), aud this is often suQicieut to give tho edge of tho image a decidedly notched appearance. In
other cases the contraction is more gradual, the progressive diminution of the width of tho imago extending over

a greater length of tho fiber. In tho enlargement, however (hypertrophy), such sharp variations do not obtain;
the fiber begins to enlarge at a certain point, and tho enlargement may continue through the length of the fiber

until it attains a diameter even twice as great as at other parts. Those peculiarities as they occur in Oxforddown
wools are well illuMiutrd in Plato XXXIV, aud the forms hero shown arc characteristic as theyoccnr in other wools

as well. But it is in tho Merino wools that they have most importance and greatest influence upon the value of

the staple. In Plates XXX, XXXI, XXXII, and XXXIII wo have forms found in some of the grades of tho Los-

ton market. Wo see that in almost all cases whcro these abnormal forms occur there are changes in the form and

size of tho epithelial scales of the outer layer as well as in tho diameter of tho fiber, and there can bo no doubt that tho

internal structure is equally affected. Their influence upon tho strength of tho fiber, its elasticity, and its conse-

quent value for manufacturing purposes can scarcely be questioned. Where atrophies occur tho fiber must neces-

sarily be weakened, while on tho other hand staples in which the atrophied fibers occnr in any important proportion

must interfere with the regular passage of the material through tho several machines and processes of tho factory.

In both cases, therefore, they seriously impair the value of the products, and it behooves growers to look to the causes

which, may have a tendency to bring them out. What these causes may bo we have had no opportunity to determine,

but there can be little doubt that bad nutrition, exposure, and consequent impaired health or constitution are the more

prominent. A fevered condition of the system probably tends to check normal exercise of tho functions of tho

skin, and hence the growth of the fiber resulting in atrophy, or it may have the contrary effect and cause hyper-

trophy. Indeed, when wo examine the fiber of breeding owes wo find a certain regularity in tho occurrence of

the atrophied parts, and it has been suggested that these may correspond with periods of menstruation when tho

system is more or less disordered in consequence of the natural exercise of this function.* At any rate we have

sufficient evidence to show that when animals have been well fed and cared for, and when tho health of the

animal has been uniform, such deformities in the fibers do not exist. And that the growth of wool is retarded, or

at least that tho diameter of the fiber is diminished by impaired health of the animal, is well illustrated in (he

following bit of our own experience. On one occasion a prominent breeder of Merino sheep submitted a sample

of his wool for tho determination of its fineness. By the system of measurement followed we found that tho

fibers were finer at a certain part or point in their development than at others, and by simple calculation it was

easy to determine at what part of the season the finer portion of the staple had developed. We stated that at

that season the animal must have been in ill health, and this was afterward confirmed by reference to the record

of the condition of tho different individuals of the flock during the year. And it further illustrates the import-

ance of great care in the management of sheep and tho value of protecting them from any sudden changes, and

from the inclemencies of the weather in general.

Finally, in connection with the form of the fiber we have to consider tho characteristics of tho cross-section.

If a fiber be cut off in a direction perpendicular to its longitudinal axis, wo find that it is by no means a perfect

cylinder with a perfectly curved surface, and that the forms exhibited present certain important peculiariti

The method of making and examining these cross-sections has already been described. In our earlier cxperi

ments it was our practice to stain the fibers with silver before mounting them, but we have since learned t

operation, involving the exercise of great care and the expenditure of much time, labor, and patience, ni

dispensed with. Our present practice, therefore, consists in supporting the fiber in the para!;

condition and mounting the sections made upon the microscope slide, then covered with tho

a solution of aniline red or blue applied under tho cover-glass. After a short time the freshly c

end of tho fiber absorbs the color from tho solutions and its outlines become very sharply del

then be studied at leisnre, or the image projected and drawn. By tho latter means wo have

the figures presented in Plates XXXV to XXXVII, inclusive, showing the outlines of the sections of the fil

~
In the wools of atnd flock., when, erery can, fa bestowed npon the animals, these peculiarities

an> c.rnely ntkeU< .but in

large Hocks from which tho markets draw their largest supplies the conditions seem to bo especially .<
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the several more important breeds represented in our collections. We here notice a somewhat greater tendency
to the true cylindrical form in the long wools. In the Cotswold and Oxford wools we note the existence of the

center of pigment which is wanting in all the others. In no case do the variations in form appear sufficient

to base anything like a system of classification upon, but they are very interesting from several points of view,
of which probably the determination of the fineness of the fiber, to be discussed further on, is the most important.

Unless the sections be treated with some disintegrating solvent, they present no appearance of cellular structure

but seem uniform and transparent throughout; and no distinction between the external epithelial layer and the

inner cylinder of fibro-cellular tissue can be detected. It is, however, interesting to note, in the examination of the

plates, the striking similarity in the forms of the Cotswold, Lincoln, and Oxford wools on the one hand, and of the

Merino and Southdown on the other, showing the justice of a classification into the groups that naturally separated.

Taking in connection with the other peculiarities already mentioned it is possible that the cross-sections may prove
of some assistance in the determination of purity of blood. With these considerations upon the minute structure

we may proceed with the description of the examinations made under the other provisions of the law, and especially
the length and fineness of the fiber.
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CHAPTER IV.

LENGTH, CRIMP, AND FINENESS.

In the classification of wools they are naturally divided into long and short, coarse and fine, and it is therefore
natural that these properties should also be discussed in connection with each other. In connection with the
length, however, little need be said, for every one at all familiar with the btaple in its natural condition will have

: t If need for further information with this regard. Yet it has appeared of some importance not wholly to neglect
this property in our measurements, and we have therefore taken occasion in our tables of results to insert the length
of the fibers examined, as we found them in the natural condition in the sample, and they may be found in their

proper plaee. The measurements were made upon a lock of wool readily separated from the lot without greatly
disturbing its crimp, and without submitting it to any strain sufficient to remove the crimp to any extent The
results are therefore stated as length of fiber in crimp. But in the examination of these figures it must be
remembered that most of the samples represented, or at least very many of them, were taken from the animals
within six months after they were shorn, and therefore have attained to only half the extent of the annual
development. This is true of those samples taken from the animals on exhibition. Those of the commercial grades
it is presumed represent a year's growth.

Of the crimp we have even less to say, for however much there may be of interest in this characteristic of the

staple from a theoretical point of view, it is not our purpose to enter into a discussion thereof here. We incline

tlieiefore to the practical side of the question, and have confined our study and measurements to the relations

between the number of crimps in a given length of the crude

fiber and the fineness of the latter. To this point the attention

of breeders, dealers, and manufacturers, has often been directed,
and there prevails a popular belief that finene ss in the crimp
corresponds in all cases with fineness in the fiber, and while there

are prominent exceptions to this rule we find upon the comparison
of the results, to be given further on, that this belief is not wholly
unjust itiable. Such a relation does exist in very many instances,
but it is by no means universal, and it cannot be accepted as a
means of determining the fineness of the fiber of any sample
under examination. We may therefore consider it directly in

connection with the fineness of the fiber, and for the purposes
of the comparisons we have made very careful measurements
of the crimp in all the finer wools wherever it was possible to do
so. At first we attempted counting the crimps in a given length
of liber, say an inch or parts of an inch, but this plan proved so

troublesome, tedious, and unsatisfactory, that we were forced to

abandon it, and dually we adopted the instrument devised by

Bohin, and described in his Schafzncht, Vol. 1. This consisted

of a series of steel plates attached to a brass disk. Each plate is notched on the edge with a number of notches for

a given distance, corresponding with the average number of crimps found in the same distance in the fiber of wools

of the different grades. The construction of the instrument and its application will bo understood at once by a glance

at the adjoining illustration, in which it is reproduced. Grasping the instrument by the small knob in the confer

with one hand, and with a tolerably strong magnifying glass in the other, each of the notched plates is successively

placed over the sample under examination, and when the notches of the plate correspond or coincide with the crimps

of the sample, the number of crimps per inch is recorded. This number was determined for each plate by carefully

measuring its length and counting the number of notches upon it. These were as follows:

Crimp, per inch. II Crimp. pr inch. II

8.S.E 34 IP 26 IIS

8.E 30 HP |T
E... selts *>llQ ;

mr
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The results of the measurements taken in this way are placed at the head of the column of the measurements

of fineness for each sample, so that these two properties may be compared, and very little difficulty will arise in

the determination of the relation between the two.

It is of course true that, as a general rule, the coarser fibers have fewer crimps per inch than the finer ones,

yet the crimp of the fiber cannot always be accepted as a criterion of the absolute degree of fineness. It is only

necessary to make a few comparisons to see this, and though among the breeders considerable importance is attached

to it and dealers and graders often use it in making their classifications based upon fineness, its true relation has

been fully recognized by those who have made a careful examination of the staple in a scientific way. Thus,

Nathusius, in his Die Woll-Haare des Schafes, gives the following table bearing upon these relations and giving

the average diameter of the fiber in the sample and the length of the wave in the crimp. He has given them in

metric measures, and we shall not stop to translate them, referring the reader to the tables given further on by which,

if he so desires, he may readily determine the values in the English standards. But as they are, they are quite

sufficient for the comparison in view.

No. of

sample.
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measured is stretched at rifrht an-les t.> thi- lit..- ,,r section <,f the divided disp.TMon lens, nn.l the PWtai .
| i*<" -I'pi'ar in the tield of vision instead of,,,,,-; but to iiwuw accuracy in the WMltflSLy

of tin- two : is! ] U . m contact, hut must n,,t overlap each other. The amount of the uioti..
of the diversion lens n-quirod M pn.d.i.v this ,-uect will he indicated hy the graduations oftho ratchet and verni
atl<1 Mll! l '''' Wlth tl "' '''-'"H't.T of tin- liber. Tin- magnifying ).,,,-r of the instrument used IB such that the
imai^c is enlarged fifty times, and carl, division <.f tin- s ris-SO^T,,* Emrliea inch .

0.002.-. I millimeter, :>nil is cull,,! one dc-rce.

The Haubeutou n. msists of a gla^ microscope slid*, which is divided into squares by parallel lines 01
line apart. Tin- microscope employed enlarge* tin- image fourteen times, so that each of the squares on the

pretend ,1,, line, ,,\,,7 inch, oro.old millimeter. This instruin, n dapted to the measurement
finer wools, l-ecim.-,. its -raduations arc not Mifliciently minuto, ami it has not therefore been received with much

favor.

Pilgram's measure consists of a glass microscope slide, highly polished, and bearing a scale ruled to TA,r Paris
line. Tho liber to be measured is stretched across the scale, which is placed under tho microscope, and the measure
read oil' directly.

Nathneius considered it doMi-ahle t<> mca>uie hoth axes of the cross-section of tho fiber, and to this end he
ment hy which the liber could be turned while being examined. Upon a microscope slide

he lixed t\vo
]

Mandards ,,f wax. and through each of these standards thrust two needles, both In tho same
rds each other. The other ends of the needles were covered with balls or knobs

,'.n the iilu'i- to 1.,- examined was stretched between the points of the needles and affixed
to them by 1:10.111-; . \va\; so that when brought into tho focus of the microscope the fiber could bo brought into

any ]M>sition with : to the axes of cross-section by turning the knobs of tho needles.

n, following the same principle, arranged metallic clamps to hold the fiber to be examined. In tbo
microscopic apparatus for measuring several fibers at the same time Voigtland's seems to have been received with

.'.ivur. In the operation of his instrument ten. fibers are stretched between the prongs of a brass
and by a special mechanism they are brought into such contact that they form a comparatively broad band

with no interstices intervening between the individual fibers. They are then brought into the focus of tho
micr. id the band measured by a scale divided into parts of ^Vo Vienna inch each. The result of tho
eesnrernent divided by ten gives the average size of a single hair. The tedious character of the work involved

fe arranging the fibers upon the fork and the possibilities of spaces occurring between them renders this

arran^ciu, MI of doubtful value. On the other hand, the variations in a single fiber can be indicated as closelv as
Vienna inch, or 0.00325 millimeter, which corresponds with a little over one-eighth degree Dolloud.

AViuklfi-'s measure is much the same in principle and construction as Voigtland's. The instruments for meas-
urement of hbers without the use of the microscope depend principally upon the degree of separation of two bodies
effected by the libers to be examined when brought between them. There is one, however, which does not corre-

spond with this description. It is tho invention of Lerebour, and consists of a fine round metallic rod or needle

'::g a finely divided scale. To measure the fineness of the fiber the latter is wound round the path of the rod

bearing the scale in such a way that one coil is in perfect contact with another. Then from the number of do...

.d and tho number of coils made the fineness is calculated. The instrument has the same disndva

the Voigtland measure with reference to the spaces that may occur between the fibers, and for this and other

reasons it has been but little used. Of those measures depending upon the degree of separation of two bodies

caused by the insertion of the wool fiber between them three have been devised, differing somewhat in form of

I construction. The Skiadan measure consists of two metallic bars arranged like the arms of tongs. To one of

these bars is attached a long double lever indicator, the extreme point of which, when the ban are separated, moves
over n graduated arc, the degrees of which correspond with tho size of the opening between the bare magnified

2,000 times. One degree of the scale being 50 English inch would consequently show variations of 0.00001 of an

I

took or 0.000254 millimeter.

Grawert's measure is constructed 011 the same principles. He also uses tongs, the jaws of which are of braes,

steel, or mother-of-pearl. The tongs are opened and closed by means of a screw, the thread of which is BO adjusted

met an opening of one Paris line corresponds with one tarn of the screw. The opening of the tongs corresponds
with a larger opening of thejaws. At the joint of the tongs is arranged an indicator, which swings over a graduated

scale, whose larger divisions are equal to one twenty-fifth of a circle. One turn of the screw, opening and dosing
the jaws, causes the indicator to pass over one of these larger divisions, and these lattor being divided into

forty parts, one of the smaller divisions of the scale corresponds with -nfor Paris l'n or 0.0021VV. millimeter o

ing of the jaws. The indicator is provided with a micrometer screw, bearing a scale by w hieh one tenth of n turn

can be read. Each one-tenth turn of this screw, therefore, corresponds with Tii}eis P ril< lim> or 0.0002255 mill

meter oiH'uinp; of the jaws. On each side of the jaws are vertical part-, which ai. <1 elastic, and

attached to these and horizontal and parallel with the jaws are small clamps or forceps. Thejaws of the instrument*

being opened and the liber stretched between these forceps and firmly clamed, it will be held horizontally between
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the jaws. By jarring the handles a vibration of the fiber is set up, and the jaws are then carefully closed upon it

by means of the screw attachment. As soon as the jaws close upon the fiber the motion is stopped. The position

of the indicator upon the scale is recorded and the experiment repeated to insure accuracy of the measurement.

The Thaer-Klinert modification of this instrument offers but few advantages over it. It consists principally in

shortening the parts supporting the forceps for holding the fiber, making them somewhat lower than the jaws of

the instrument. The inner surface of the jaws is different, being rounded or oval, so as to come in contact at a

single point, and a section would have the appearance of a seg-

ment of a circle. The fiber to be examined is stretched tightly

between the forceps, and from above, through the jaws of the

tongs. The fiber then has the appearance of being bowed. The

tongs are then slowly opened until finally the fiber passes

through the opening as soon as it is large enough.
Bohm says that both these instruments are desirable; ex-

peditious in operation, giving accurate results, and faultless in

construction. But the first may be considered preferable to

the second, since in the latter the stretched fiber might pass

through the open jaws before the true size would be indicated.

So also would a flattened fiber pass through by the smaller exit

instead of the larger, though really in either case the average
fineness would scarcely be represented.

The difficulties in the way of securing good average meas-

urements of a collection of fibers led Koehler to the idea of

measuring by mechanical means a large number of fibers in a

bundle at the same time. He reasoned that since only the best

thoroughbred fine wool is round or cylindrical, the most accurate

method of arriving at correct notions of the fineness of the fiber

would be to determine the space a givennumber of fibers together
would occupy or the surface their cross-section would cover,
and for this purpose he proposed measuring 100 fibers at one

operation and reducing from the area of the cross-section found

the average size of the individual fibers. In practice with his

instrument the size of the fiber is indicated in degree of fineness.

The instrument in question is illustrated in the accompanying
cut. In the block A, is the mortise 6, crossed at right angles by
the slot a, which extends entirely across the block. Above the

block A is the movable piece B, which is connected by the side

rods to the weight 0. To the middle of the piece B is fixed the

plunger c, having a rectangular slot, d, of the same width as the

slot a. The plunger is of such size as to exactly fit the mortise 6.

The system of movable piece B and weight C is raised and low-

ered by means of the chain I, connected with the crank and

pulley D. To determine the fineness of a bundle of fibers it is

stretched through the slot a and the plunger c allowed to de-

scend over it. The sides of the plunger fit into corresponding

mortises in the larger mortise b, which extend deeper into the

block than the slot a or mortise 6. The bundle of fibers will

then be compressed into a rectangular space bounded by the

sides of the slots a of the block A and d of the plunger c. The

coarser the fibers the greater will be this space and the less will

the plunger descend, and a relation will therefore exist between

the vertical motion of the plunger and the size of the fiber. To

determine and show this relation the indicator E and the cor-

responding scale G are employed. The indicator is connected

at its lower end at right angles with the loaded lever F. When the indicator is out of gearing with the movable

piece B, its point is drawn by means of the loaded lever toward the end
( g )

of the scale. This scale is arbitrarily

divided into twenty parts, the being at g. To connect the indicator with the movable piece B, the pointed shaft

ft is fixed to the lever-arm F by the nut n. On the top of the piece B and at its middle point is a small agate

button, m, with a conical cavity in the top.

To operate the instrument the bundle of fibers to be measured is put in place, the movable piece and plunger
let fall, the lever-arm raised so that the point of the shaft fc may rest in the conical depression of the agate but-

KOEHLEB'S WOOL MEASURE, ONE-UALF SIZE, (FROM
BOHM.)
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ton m. The pointed shaft k now constitutes a support for the leTcr-arm. Tho less the plunger descends upon the
coarser fibers to be tested the greater will be the elevation of the lever, and the more will the indicator bo moved
to\\ ard the end p of the scale O, and so the indicator will mark a larger or small.T nmnbiT on the scale accordii>g
to (he coarseness or fineness <>f the libers. The numbers on the scale indicate the relative figure corresponding
with the fineness of the sample, and each degree corresponds with an average diameter of fiber equal to 4.233 milli-

meters.

Koehler's instrument, as said before, is highly recommended by all the German authorities upon the physical
properties of wools, and it is largely used everywhere that wools are extensively measured. It was used exclusively
by Jeppe iu his measurements at the University of Leipzig, and was strongly indorsed by the Leipzig wool conven-
tion. Bohrn says it is one of the most important instruments we have for arriving at a correct knowledge of the
character of the wool fibers. There is no doubt that the instrument may be used in all hands, by breeders M
well a,s wool dealers and manufacturers, and by the scientific student of wools as well as either of these, in cases
in which time is an object not to be taken into account. And this brings into consideration the disadvantages of
the instrument for the work in which wo have been engaged. To insure accuracy, and indeed to secure any kind
of satisfactory results with the instrument, it is absolutely necessary that the fibers to be examined be washed, an
operation which of itself involves considerable manipulation and consequent consumption of time. This, again,
must be accompanied with drying, a matter to which important attention must be given, because of the influence

of moisture upon the scoured fiber. Then the fibers must be carefully counted in order that exactly 100 fibers may
be employed for each test. This has been mentioned as an advantage to the examiner of wool, because the opera-
tion educates the eye and hand in the detection of differences in the external characteristics of the staple; but while

this is true, whenever time is the most important consideration other means for seeming accurate results in meas-

uring must be resorted to, and on this account we have in our work made use of the microscope.
\Vi recognize the difficulty already referred to depending npon the form of the cross-section of the fibers, bat

this difficulty we think has been largely obviated in the method we have employed. Our method was as follows:

Since when so many fibers are mounted at the same time they are almost free to take any position, in preparing
the samples for measurement the length of the fiber in each sample was first taken and recorded, and so also waa
the number of crimps per inch. A small lock was then taken from each sample, and beginning with the bntt and

proceeding toward the top it was cut, as nearly as possible, into equal sections varying in length with the length
of the fiber of each variety. Thus in the long wools, Gotswold and Lincoln, the sections were made about one inch

in length, while in the middle and fine wools they were made about one-half inch long. This divided the locks

from the samples of long wools into from five to seven parts and the middle wools into about four and the fine

wools into three to five, according to the age of the staple. The locks were cnt in sections while in grease and
without being washed in any way, and the parts at once mounted in Canada balsam on glass slides and covered

with thin glass in condition for examination with the microscope. To each slide was attached a label indicating

the number of the sample from which the lock to which the section belonged was taken and a numbered letter

indicating the position of the section in the length of the fibers. That in the section taken from the bntt end of the

lock was numbered B, the next section taken from the part nearest the butt B*; the next B3
,
and so on. The

slides thus prepared were placed in racks in which they are preserved.
In making most of the measurements we used a Crouch student's binocular microscope with a Spencer stu-

dent's objective having a one-eighth inch focus and 120 angular aperture; bnt for part of the measurements,
because of greater coarseness of the fiber and greater thickness of the cover-glass, a Crouch objective having a

quarter-inch focus and 100 angular aperture was employed. The measure consisted of an eye-piece micrometer

in a Crouch's No. 2 eye-piece, and in actual practice when the one-eighth objective was being used and the instru-

ment in focus, the tube was so drawn that two divisions of the eye-piece micrometer corresponded exactly with

one division of a stage micrometer ruled to ffa of a millimeter or centimillimeter. With this arrangement the

magnifying power of the instrument corresponded to abont 530 diameters. But with the one-fourth inch objective

and with the tube extended to the same extent, one division of the stage micrometer was equal to 1} divisions of

the eye-piece micrometer, and the magnifying power of the instrument was equivalent to abont 400 diameters.

But before placing tho slide in the case, it was placed npon a hot brass plate and allowed to remain there until a

moderately brisk boiling of tho balsam occurred, when it was removed and placed in a clamp to hold the cover in

place and press it firmly upon the group of fibers under it. Thus treated the natural grease or fatty soap of the fiber

was completely disintegrated and dissolved, leaving the fiber in perfect condition for the measurement of I

diameter presented to view in the microscope. In this way the cleansing and mounting were effected at the *

operation. Another advantage of this mode of treatment resides in the fact that because of it the more vols

parts of the balsam are removed by the heat; as a consequence it hardens much more rapidly and tin- >

re.uly in a greatly horter time for examination with the microscope. At the same time all air t

from the mounting medium, and from tho fibers, thus insuring intimate contact of the latter with tl

AY hen the slides are to be preserved there can be no question of the superiority of balsam o

media for mounting, snch as glycerine or oil, though if the slide be needed for further use, the latter are

to be recommended. Oil will dissolve the fatty matter, especially when heated, and will not affect *r, w

S. Mis. 392 4
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linseed or other drying oils might even be recommended for permanent mounts. In the actual operation of

measurement each slide was placed upon the stage of the microscope, each fiber brought into focus and the eye-

piece so turned that the scale of the micrometer crossed the image of the fiber at right angles. The number of

gradations of the micrometer covered by the image were then read off and recorded. To obtain a fair average for

the fineness of fiber thirty measurements were in most cases taken with each slide or section. The relative

measurements thus obtained were reduced to actual measurements in centimillinieters by dividing by 2 or 1J,

according as the one-eighth or one-fourth objective was employed and their average calculated to determine the

average size of the fibers in the section. From the averages for the sections are calculated the average fineness

of the entire sample.
The use of the high magnifying power and the eye-piece micrometer made it possible to determine very slight

differences in the size of the fiber, and in mounting so many fibers upon the same slide, and by means of the

number of measurements taken to determine the fineness for each sample, the fibers must have been measured in

every position, so that the same end was obtained as would have resulted in the use of the Koehler instrument

(and we believe that the work was more expeditionsly done than would have been possible with the latter). In our

work, about two thousand sections were made and measured. The results have been brought together in the tables

appended hereto. To make them more generally understood we have stated them in the metric measures in which

they were taken and in thousandths of an inch and fractions of an inch. This will render all reductions unneces-

sary in making comparisons, and will, we hope, be found to add considerably to the value of the work. In the

reductions from the French to the English standards, that is, from centimillimeters to thousandths of an inch, we
need the factor 0.3937, and for reduction to fractions of an inch, 2-5 hire's These reductions will have added import-
ance in view of the fact that a leading writer on the subject of wool production has stated the values erroneously,
and it is believed that his statement has led to serious errors of comparison of the qualities of wool produced at

different epochs in the United States. I do not propose here to enter into a discussion of the matter, my only
desire being to put into the hands of those interested in the woolen industry the correct data upon which to base

any comparisons they may desire to make.

In the succeeding pages will be found a table of reductions constructed for the purpose of working out results.

This table will doubtless prove of value in many ways, since it may be employed not only for the reduction of

centimillimeters to parts of inches, but, by proper transposition of the decimal points, for the reduction of meters
and parts of meters to inches. It may therefore be applied for the reduction of other than microscopic measure-
ments. The relation between the two scales will be better seen and understood by reference to the photolitho-

graphic plate in which photo-micrographs of the two scales are reproduced. In this country it has not been the
custom to base the commercial grades of wool upon the fineness of the fiber, as is the practice in Germany, and no
standards of fineness of grades has therefore been determined. But in order that comparisons may be made if

desirable, we give below the standards of fineness determined by the leading German authorities on the subject,
believing they will not be without interest. We have selected the figures of Bohm, Jeppe, and Uecherlin. Bohm,
in his table, gives the number of crimps per inch corresponding with the different grades of fineness, and we
reproduce them here because in the tables of results of our own measurements we have stated the number of

crimps per inch in each sample whenever it was obtainable. The relation between the number of crimps per inch
and the fineness of the fiber has been a fertile subject of dispute, and will give added interest to the somewhat dry
data we have to present.

The figures for the several standard grades given by these authorities are presented in the following tables, in
which the French standard employed has been reduced to the English standard. The first table is that given bj
Bohm in his "

Schafzucht," Vol. I, p. 182.

Grade.
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Jeppe Rives the following classification and value:
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I. Table for reduction of centimilUmeters to fractions of an inch.
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1. Tablefr rnliu-tin of centimiilimeten to fraction* of an t*cA Continued.
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I. Table for reduction of centimilUmeters to fractions of an inch Continued.
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I. Table for reduction of centimillimeters to fractions of an inch Continued.
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I. Table for reduction ofcentimiUimeterg to fraction* of an inch Continued.
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I. Table for reduction, of centimillimeters to fractions of an inch Continued.
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I. Table for reduction ofeentimillimeteri to fractions of an inok Contimu-il.
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I. Table for reduction of centimillimeters to fractions of an inch Continued.
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I. Table/or ndiu-tion t>f ci-ntimillimeters to fraction* of an inch Coiitiiiuril.
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I. Tablefor reduction of centimillimeters to fractions of an inch Continued.
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I. Table for reduction of ctntimillimctcrs to fraction* of an inch Continued.
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I. Table for reduction of centimillimeters to fractions of an inch Continued.
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I. Table for reduction of centimillimetcrs to fractions of an inch Continued.
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I. TaWrfor reduction of crntimiUimftcrt tn fraction* of an inch Continual.
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I. Tablefor reduction of centimillimeters to fractions of an inch Continued.



INTERNATIONAL EXHIBITION OF SIIEK1' AND WOOL.

I. Table for rtduction of oentimillimeters to fraction* of an inch

.



70 INTERNATIONAL EXHIBITION OF SHEEP AND WOOL.

I. Table for reduction of centlmilUmeters to fractions of an inch Continued.
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I. Table for reduction ofcrntimWimeten tofraftions of an inch Continued.
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I. Tablefor reduction of centimillimeters to fractions of an inch Continued.
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l.Tabltfor reduction of certimilUmetcrt infraction* of an inch Continued.
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I. Table for reduction of ccntimillimeters to fractions of an inch Continued.
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I. Table for reduction of ctntimillimciers to fraction* of an I'HC/I Continued.
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I. Table for reduction ofcentimillimeters to fractions of an inch Continued.
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I. Table for reduction of centimillimeterg to fractions of an inch Continued.
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I. Table for reduction of centimillimeters to fractions of an inch Continued,
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L Table for reduction of centimillimetcrs to fractions of an inch Continued.
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I. TaWe /or reduction of ccntimillimetcrt to fraction* of an inch Continued.
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I. Table for reduction of centimillimeters to fractions of an inch Continued.
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Now to return to the results of our measurements proper and the construction of nr table*. A* we have
already seen, it lias been deemed advisable, because of the close relation existing between them, to consider the

U'ligth. of the fiber, its crimp and fineness together, and the figures representing the value* of these properties are
therefore given in the same tables. So in Table II we must first call attention to the figures lit the head of the

table, under each sample, indicated by catalogue number showing length of fiber in crimp and the iiunilier of

crimps per inch. The manner in which these figures were determined has already been described. The headings
I'.'. I!

1

,
B3

, &c., have also been mentioned and refer to the section of the sample measured and represented, II
1 cor-

responding to that section of the sample nearest the root, B3 that nearest the outer extremity of the fibers, and B'
the intermediate portion. In the body of the table and under the letters here described wo find the actual meas-
urements in centimillimeters taken in each case, and they are given in detail for obvious reasons. An important

n that each reader may for himself make comparisons of the figures of each column with those of any other,
and determine not only the measure of each sample represented, but also all the other relations to which wo shall

have occasion to call attention.

At the foot of each column is found the average for that column. Compared with each other the averages of
the different columns show the relative value of each part and of each sample. Collected in the lower portion of
the table these averages furnish the data for determination of the general average for each sample. In the latter

portion of the table are also collected the extreme measurements taken upon each section, which show the general
extremes for the entire sample, while tho bottom lines show the number of measurements found above the average
and below it, respectively, and, taken in connection with tho extremes, furnish a fair indication of the evenness of

the fiber in the sample. This is an important relation to manufacturers and should therefore be to breeders; hence
it should become a matter of very careful study on the part of all interested in tho wool industry. In this lower
half of tho table we have reduced the measurements from the French to the English standards. The reason for

giving two sets of English standards has already been stated, and we need here only express the hope that the

figures may bo readily understood by all into whose hands they may come.
In a table of detailed results such as these it is difficult for general readers to work out with satisfaction

the interesting and valuable relations which more careful study make apparent, and this has led ns to collect

and arrange in a proper manner the data serving to show what these relations may be and their influence npon
the character of the staple under consideration. To render the comparisons more easy the general extremes and

averages of Table II for each sample have first been collected in Table III. Hero we may more easily obtain a gen-
eral knowledge of the relative value of the fiber in the fleeces of different animals, but we may study the quality
of tho different parts of the fleeces as well. As in the previous tables and all subsequent ones, the results are

arranged according to the breed to which the sample represented belongs, so that in the comparisons to be made
each element not under consideration may bo as far as possible left oat. In this table neither sex, age, nor other

conditions are taken into account The parts of tho fleece in each case may be compared with those of any other,

and individual samples may be made the subject of other comparisons. For the several breeds we have at the bot-

tom of each column the general or grand average of all the measurements taken, with the necessary reductions.

As regards the fineness of fiber in each breed the question is not at all difficult to determine. This table, like its

predecessor, also serves for the construction of subsequent ones showing other important relations.

In Table IV we have collected together from Table HI the extremes and averages of the measurements of

samples from the same parts of the fleeces of different animals, the figures for each part occupying a separate divis-

ion of the table. To determine what may be the influence of the part of the fleece upon the qnality of the fiber,

the measurements of samples from each sex are 'also separated and placed in different divisions. Thus we have

in one division tho measurements representing the rams, and in another those representing the ewes, while in

each division we have represented, in the first part, the shoulder samples; in the second, the side samples; in the

third, the hip samples ;
and in the fourth, the belly samples. This arrangement will furnish data for interesting study

for those especially interested in the uniformity of the quality of the fiber on the different parts of the body of the

animal, or, in other words, in a "good covering of wool of uniform quality," as we have heard breeders express itj

for this uniformity of quality is often justly considered as desirable as superior fineness, especially in stud flocks.

The differences to be found in this particular are better illustrated in Table V, in which we have the averages of all

the results heretofore given. First we have the averages for the whole fleece, taken from Table III, then those for

tho different parts represented in our samples, taken from Table IV, so that this table presents a ready means for

comparison of the fineness of the different breeds, as well as that of the different parts of the fleece; and sinc<

figures for each sex are separated from each other, it further serves for the comparison of Bex as well. In an i

ing column we have also the figures representing the length of the fiber in crimp in each case.

remembered that these latter figures are of only relative value, since the samples taken were in most cases of only

five or six mouths' growth, and were therefore not of nownal length.
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As regards the fineness, the Merino of course stands first, and to some extent the fineness varies with the

length of the fiber, the longer wools being the coarser. The following synopsis of the table will show the relation

in which the several breeds stand to each other in this particular :

Breed.
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BOX iutlueucc Ls marked hero, and thut in the ram the differences ia <|iu-stion are wore marked than in the ewe.

But, from whatever side we consider the question, the fact remains prominent that the fiber is coarser npon the folds

than between them or upoto that portion of the skin in which no folds occur.

In view of this tact and the additional fact that the principal value of the fold resides in the increased surface

for wool production, wo may venture the opinion that since the fiber is very much coarser and the wool upon the

folds vn-y thin and short, it \vill be as well, as a general rule, for breeders to abandon their development by
selection. So far as our observations extend, then- appears to be no greatly increased production of wool, and (

the product upon the fold is so inferior as regards fineness, it would appear of advantage to eliminate the fold if

possible.

In Table XI that other disputed question of the relation of crimp in the fine wools to the fineness of the fiber

is illustrated. 1 Icie u < have first eolleeteil the individual extremes and averages bearing upon the point at issue.

Tli.- data are at once classified w ith ret'erenee to sex and portion of the fleece, so that the relation under discussion

may become morn prominent. All the data are arranged to show the variations whick wools having the same

crimp may sutler as regards their fineness, and the extremes and averages for the samples having the same crimp
are brought together. Tim general extremes and averages given by this table are afterward collected in the fol-

lowing one. XII, where the comparisons may IMJ more readily made. Here \ve find the popular notion completely

confirmed, fineness of fiber increasing with closeness of the crimp, though the rule is by no means absolute. It has

been ini|H>.~-ii!e to determine a definite proportion for this, though it is possible that something of the kind might
be developed if more, numerous data were at hand. The principal value of this property or relation resides in the

fact that it places in the breeders' own bands a ready and comparatively satisfactory means for learning the value

of the product. It may not invariably hold pood for all samples or nil parts of fleeces, but it will servo to show

variations in the values of the animals. In all the tables there may be other important relations which we have

overlooked, and which will be apparent to those who may have occasion to study them. Our principal object

here lias been so to arrange the figures as to develop the lead ins relations bearing upon the value of the fiber and

its physical characteristics and to leave them in convenient form for further study by those interested. To us there

is much in them to suggest further study, and while there is apparently much of detail throughout, we feel that

this cannot fail to serve a useful purpose. We therefore submit the results with the hope that they may prove of

all the benefit and advancement to the woolen industry that those interested in the work have expected.
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reduction.

Catalogue number of samples.
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TABLE II. Results of m-tunl measurements of length, crimp, and fineness, with recapitulation* and red*ttioiuGo\\t\l.

Catalogue number of sample*. .

Length of fiber In crimp

Knmbrr of crimp* per inch ....
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of samples.



INTERNATIONAL INHIBITION or SIIKKI' AND Wool.. 91

TABLE II. Rctults of actual mraxurement* of length, crimi>, andjinrncx*, with rrcapitulatioiu and reduction* ContM.

C*Ulaffn number ofsamplec. .
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of samples. .
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TABLE II. Retults of actual measurements of length, crimp, and fineness, ct<Jk recaiiitu lotions and reduction Con tM.

OOT8WOI.I).

Catalogue number of aamplea. .
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TABLE II. Results of actual measurements of length, crimp, and fineness, mth recapitulations and reductions Cont'd.

Catalogue number of samples . .
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TABLF. II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions ConiM.

Catalogue number of aamplea..
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions

Catalogue number of samples. .
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FABLE II. Kexultx of actual measurements of length, < rim/i. <nui ri/<*, irith rrcapitiuil<iti<mx ami rrfautiatu <'<>ntM.

Catalogue Dumber of umplcn. .
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cout'd.

Catalogue number of samples. .
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IL Results ofm-tuul meaHurtmtn/i ,.f Icmjtli, I'finip, tindjineneu, with recapitulations and reduction* ContM.

Catalogue number of samples.
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of samples.

Length of fiber
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TAIILK \l. Results of acttutl measurement <>f length, crimp, and fineness, with recapitulations and redt?0w ContM.

Catalogue number of namples. .
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of samples. .
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TABLE II. Results of actual measurements of length, crimp, andfinene**, irith recapitulation* and riimoUon* CuiifJ.

Catalogue number of urople*.
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue nnmlier of samples.
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TABLE II. Remit* of actual measurement* of'[myth, crimp, andfinme**, ,rith recapitulation* and rwfwrtoHt ContM.

Catalogue number of sample*.
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of samples. .
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TABLK II. Remit* of actual measurements of length, crimp, andfinmcts, teith recapitulation! and ruhjjtfjju f__fj.

Catalogue number of uiuplra.
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TABLE II. Results of actual measurements of length, crimp, and fineness, icitk recapitulations and reductions Cont'd.

Catalogue number of samples . .
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TABLK II. Result* ofm-tunl measurements of length, crimp, and Jin(nets, tcith recapitulation* and reduction* CorjtVL

Catalogue number of amp!e..

Length of fiber in crimp

Number of crimp* per inch
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of samples. .
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TABLE II. Semite of actual ncaiurementi of length, crimp, andfintMU, icith recapitulation and reductioni^Coin\\.

Catalogue number of unple.
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of samples..
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TABLE II Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Oont'd.

Cataloeue number of aamplra..
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TABLE II. Eesults of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of samples.
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TABLE lllk-stilt* of actual measurements of length, crimp, and fineness, with recapitulations and reductions Vont'd.

Catalogue number of samples..

Length of fiber in crimp

Number of crimp per Inch

Number of section
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of samples.
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TABLK II. Rctult* of actual tneaturements of length, crimp, and fineness, vith recapitulations and reduction ContM.

Citalognc number of aamplM.

Length of noer in crimp ......



118 INTERNATIONAL EXHIBITION OF SHEEP AND WOOL.

TABLE II. Results of actual measurements of length, crimp, and fineness, icith recapitulations and reductions Cont'd.

Catalogue number of samples..

Length of fiber in crimp

Number of crimps per inch. . .



INTERNATIONAL EXHIBITION OP SHEEP AND WOOL. 119

TABLE II. Results of actual meatvrementt of length, crimp, and fineness, with recapitulation* and reductions ContM.

CaUlogn* number of sample*. .
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of samples.
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TABU: II. Rttvlts of actual mcaturemcnts of length, crimp, and fincnau, icith recapitulation* find rcd*ctio*i'n\;\.
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of samples.
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TABLE ll.Renltt of actual meaturementg ofletyth, crimp, andfinmets, roith recapitulation a
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of samples.
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TABLE II. Result* o/u<-tutil measurement* of length, crimp, andflneiieM, urith recapitulation and reductions Ci.nfd.

Catalogue number of (ample*..
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of samples..
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TABLE II. Retvltn of actual measurement* of length, crimp, and tinentu, witk recapitulation* and rtt*otlotu Uont'd.

Catalogue number of mple*. .
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of samples. .
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TABLE II. Result* of actual meaureme*t of length, crimp, and fineness, with recapitulations and reductions ContM.

C>Ulogu number of urn plea.
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of samples.
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TAIJLK ll.Ke*ulta of actual mtaturfmento of length, crimp, griff Jlmomam, witk nea?it*t*tiem

Catalogue number of samples..
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd,

Catalogue number of samples..
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TABLE IL Results of actual measurements of length, crimp, and Jincut**, iritk recapitulation* <t>l rMWtoii* Cont'tl.

Catalogue nnmbrr of (ample*.
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TABLE II. Results of actual measurements of length, crimp, and fineness, icith recapitulations and reductions Cont'd.

Catalogue number of samples..
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TABLK II. Results of actual tuetuurements of length, crimp, ami Jineneat, with recapitulations and reduction* Cont'd.

CaUiogiU' number of aaroplei..
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of samples.
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TABLE ll.Raulta o/m-tual mciixitrrmeiitM f Imi/tli. <'/>m/<, mul
./i;.., ,,-,'th recapitulation* and redvetiotuCain\l.

Catalogue nnnilwr of ample* . .
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd,

Catalogue number of samples..
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TABLE II. Bemltt of actual ma*remmU of length, crimp, andftnenett, with recapitulation* and reduction* Confd.

Catalogue number of sample*. .
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of samples .
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TABLE II. Results of actual measurement* of length, crimp, <nid fineness, icith recapitulations and reductions ConVd.

CtlaloRue number of nampk-n . .
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TABLE II. Results of actual measurements of length, crimp, and fineness, u-ith recapitulations and reductions Cont'd.

Cataloguo number of samples . .
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TABLK \l.llcxult* o/U'-tuttl measurement* of toii/th. IT itup, and fi*ccti, with recapitulations and reductions CoutM.

Catalogue number of MIII plr* . .
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of samples.
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TAKI.K II. Results of actual mcamtrtmcntx of Itngth, crimp, and Jinenetm. tcith recapitulations and rMiMaBM*^0f>iit'd.

Calalojtnn number of umple*..
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TABLE II. Results of actual measurements oflengtlt, crimp, and fineness, with recapitulations and reductions Cont'cl.

Catalogue number of samples.
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\\.-Kfsult8 of actual measurements of l>u>/th, crimp, mul Jincncs, irith recapitulation! <nul reduction* Cont'd.

CaUIoRnr nnmbor of samples. .
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of samples. .
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TAIJLE II. Re*ult of actual mcmtiin-ni, nix <,f It mjth, crimp, and Jincnent, with rectijiititlntiont and reduction* V<

CaUlu^ic number of unplc..
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Gont'd.

Catalogue number of samples. .
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TABLE II. Results of actual measurements of length, erimp, ami finnicim, icith recapitulations and reductions Cont'd.

Catalogue uamber of samples..
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of samples .
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TANI.F. II. Hi-miltx <>/<ictit<il ntc<txi<rti(itts of lnujtli, crimp, and tint in \.v, iritlt noipitiiliitionn nnd reduction! Cont'il.

Ctalo|{ne number ofumpln . .
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TABLE II Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions VonVd.

Catalogue nnmbor of samples. .
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TABLE ll.Rctultt of actual measurements of length, crimp, and fineneu, tcitk recapitulation*

155

-Oonfd.

Catalogue number of aamplea..
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of samples . .
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TABLE II. Result* of actual mcusun nu at* of /< iujth, crimp, and Jinenexg, with recapitulation* and reduction* Cont'd.
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of samples. .
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TABLK I l.HcsuIti of actual measurements of lenyth, <rimp, and fineness, with recapitulations

159

Oont'd.

Catalogue number of sample*..
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Oont'd.

Catalogue number of samples.
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TABLE II. Rctvlt* of actual measurement! of length, crimp, mid fituiteu, with recapitulations and reduction* ConI'd.

dialogue number of ample*.
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of samples. .

Length of fiber in crimp

dumber of crimps per inch
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TABLK M. Result* a/actual measurement* oflettgtk, crimp, and fineness, witk recapitulation and reductions Cont'd.
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of samples.
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TABLE II. Result* of actual meaxunntntx vfltmjth, crimp, and fineness, icitk recapitulatiotu and reduction* ContM.

Catalogue nuniWr of uunple*..
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TABLE II. Results of actual measurements of length, crimp, and fineness, tcith recapitulations and reductions Oont'd.

Catalogue number of samples..
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TABLE II.Retult of actual measurements of length, crimp, and fi ne*6M, with recapitulation* and reduction* Cont'd.

Catalogue number of sample*. .
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Coiit'd,

Catalogue n amber of samples . .
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'dc

Catalogue Dumber of sample .
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TABLK II. Kcsult* of actual measurement! of length, crimp, andfineneu, icitk recapitulation* and reduction* Cont'd.

Catalogue anniber of uniploa. .

Lenaihul Ubr IB crtap

Number or crimp* per 1m h

Number uf section
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TABLE H.Eesults of actiuil measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of samples.
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TABLE II. Result* of actual measurement* oflrngth, crimp, and finene*, with recap

173

td redwttoiu Cont'd.

Catalogue number of aamploa. .
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TABLE IL Results of actual measurements of length, crimp, and fineness, wWi recapitulations and reductions Oont'd.

Catalogue number of samples. -
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TABLE ll. Remit* of actual meatttremeiit.t of Icnyth, crimp, and fmeitftt, with recapitulations and i JiuHim Cui.L'.l.

CaUlogno number of Mmplo . .
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Coiit'd:

Catalogue number of samples..
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TAHI.K II. li'etulta of m-tnal measurement* of length, crimp, and fineness, tcith recapitulations and reduction* ContM.

Catalogue nunibor of umplM
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulation* and reductions Cont'd.

Catalogue number of camples.
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TABLE II. Result* of actual measurements of length, crimp, and fineness, with recapitulation* and reduction* Cont'd.

Catalogue oomber of ample. . .

Length of fiber in crimp

Number of crimpi per Inch
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of sample .
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TABLK II. Result* of actual meonurciin'ntg of length, crimp, and finenets, witk recapitulation* and reductions Cont'd.

CaUlojuc Dumber uf sample*..
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TABLE II. Results of actual measurements of length, crimps, and fineness, icitli recapitulations and reductions Cont'd.

Catalogue number of samples.
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II. Retultt of actual measurements of length, crimp, and fineness, icith recapitulations and deductions Ooul'd.

Catalogue number of sample*..
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TABLE II. Results of actual measurements of length, crimp, and fineness, icith recapitulations and reductions Cont'd.

Catalogue number of aaroplca.
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TAULK n.Keiultn of actual measurements of length, crimp, and fineness, with recapitulations and reductions ConVd.

C*Ulogno nnmbcr of MUDplot..
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of sample. .
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TABLK II. Results of actual measurements of length, crimp, and ftnenes*, with recapitulations and reikutiont GontM.

Catalogue number of samples ..
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TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations -and reductions Cont'd.

Catalogue number of samples . .
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TAIUJE II. Results of actual measurenn-ntn of length, crimp, and fineness, icith recapitulations and reductions Oont'd.

C*t*logn number ofnunplM.



190 INTERNATIONAL EXHIBITION OF SHEEP AND WOOL.

TABLE II. Results of actual measurements of length, crimp, and fineness, with recapitulations and reductions Cont'd.

Catalogue number of samples..
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TABLE ll.lfesulta of actual measurements of length, crimp, and fineness, with recapitulation and reductionsGont'd.

C*Ulo(*o number of sample*. .
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TABLE III. Individual extremes and averages offineness of each sample.
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TABI.K III. Imliriiln- s ninl m; nujcs of fineness of each sample Continued.

n "f Beee*
represented.
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TABLE III. Individual extremes and averages offineness of each sample Continued.

Catalogue

number

of

il

samples.
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TABLE III. Indiridual extremes and averages offineness of each sample Continued.

: . VXKOTTS-Contlnnrd.

Catalogue

Lumber

of

!

auplM.

|
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TABLE IV. Individual extremes and averages shoicing influence of breed, sex, and portion offleece upon fineness.
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TABLE IV. Individual extremes <i<l a rcragcssltotcimj i'ntluence of breed, *e.r, ami ;,)/; ,,fjlna- u,>ftnenet ContM.
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TABLE IV. Individual extremes and averages showing influence ofbreed, sex, andportion offleece vponfineness Cont'd.

Catalogue

number

of

fl

samples.
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IV. Indiriduulta-ti-i'iitt's ami acti-agcx showing in/lucuceoflrcedjex,andpoi-ti<>nofj{teceuponfineneta Cout'd.
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TABLE V. General extremes and averages, showing influence of breed, sex, and portion offleece upon fineness.

Breeds.
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TAHi.r. VI. /n-IIi-iiluti! cjc!,-> MM tiinl '.i-erages, showing influence of age vpon jtnefttM*.

Catalogue

number

afl

ample.

j
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TABLE VI. Individual extremes and averages, showing influence of age upon fineness Continued.

Catalogue

number

of

]|

samples.
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TABLE VI. Inflindtial fj-trrme* and areragr*, xlioiring influence ofarjc upon fineness Continued.

Catalogue

number

of

1

umples.
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TABLE VI. Individual extremes and averages, shoicing influence of age upon fineness Continued.

t~
o
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TABM: VII. General extreme* ami urn-ayes, thoiriny influence of age upon finenets.
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Age* r-pr -i ill* '.
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TABLE VIII. Individual extremes and averages, shoieing influence offolds upon fineness.
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TABLE LX. Individual extremes and arerages, tkoicing influence of folds upon finenets in diferent texei end
portion* of fleece.

ft
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TABLE X. General extremes and averages, showing influence offolds upon fineness.

Portion of fleece represented.
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TADI.K XI. linliriilual i:rtn-iniK itml nni-iiiii.t xhi>iriny r<litti<ni <>/ fineness to crimp.
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TABLE XI. Individual extreme? and averages showing relation offineness to crimp Continued.
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TABLK XII. General extremes and averages slioicing relation of crimp to fineness.





CHAPTER V.

TENSILE STRENGTH, DUCTILITY, AND ELASTICITY.

By " tensile strength of the fiber" we understand the strain it is able to resist previous to rapture, or the power
required to effect its rupture. By ductility, the elongation which the fiber suffers previous to rupture when subject
to strain. This may be divided into elongation and set, as the authorities on strength of materials have it. The
former indicates the total elongation the fiber undergoes when under the influence of strain, and tet the elongation
of the liber which remains permanent when the power causing the strain is relieved or removed. The difference

between elongation and set may be called elasticity. It is upon these different qualities that the commercial and
industrial value of the fibers depends more than perhaps any other. The length is important in the determination of

the manner in which it shall be worked, the fineness in determining the character of the fabric into which it shall

enter; but the durability of the latter, its power to resist and recover from strain, and its general beauty and worth
will depend to a great extent upon the properties just mentioned. The examination of our material with regard
to these properties must therefore be considered as probably the most important portion of our work. But their

accurate measurement, and the form and expression to be adopted in stating the results, have involved the most diffi-

cult and perplexing problem met with in the examination of the fiber. It has seldom been attempted to any great
extent by the students of the staple, and we believe-never to the extent to which we have carried it The tensile

strength of the fiber in threads and yarns of different sizes has been made the subject of study at various times and
in various ways, but such material varies so much in mechanical preparation and condition, depending upon the

closeness of the twist and other properties necessarily inherent in the samples submitted to the test, that the results

obtained can, in the nature of the case, scarcely be other than unsatisfactory. Alcan, in his Traiti des Lainca,
describes the apparatus he employed for his tests and discusses the results he obtained. His tests of yarns were
made by means of a spring-balance, which furnished the resistance and the necessary cog-wheel motions to apply
the power. In the tests of individual fibers he attached to a board or table a rod of good spring steel. Parallel to

it he placed another of similar length and free to swing by one end upon a pivot. At the extremity of these two

arms ho fixed clamps into which to insert the fiber to be tested. The movable arm, when the fiber is in position

ami the clamp closed, is drawn to one side. The fixed arm is drawn aside and its point moves over an arc gradu-
ated to grams and parts of grams by experiment. Each test thus made is recorded. It is such tests of the

individual fibers that must be made for the comparison of different qualities of wool, and in such work the compar-
ative fineness and frailty of the material operated upon, and often the diminutive length, makes the examination

one requiring a skill in manipulation and delicacy of instrument difficult to obtain. It also involves the expenditure

of a large amount of time and painstaking labor, which under ordinary circumstances cannot generally be devoted

to it.

In the present investigation we were met at the outset with the difficulty of securing a means in which the

time and labor required should be reduced to a minimum. The ordinary form employed in securing the limited

results that have been published in Brown's Tricologia, and in the works of Bohm, Nat husius, and May, consists of

an upright standard, to the top of which is fixed a horizontal arm having at its end a clamp in which the fiber to

be tested is placed. The instrument is also provided with an ordinary scale-pan attached to a clamp by which it

may in turn be attached to the other end of the fiber in the instrument In some cases, after being placed in tlio

clamps, the fiber is drawn up by means of a set-screw and through the jaws of a third clamp until an indicator on

the lower clamp covers the zero of a vertical scale attached to the horizontal arm at the top, which scale, graduated

nal parts, serves to show the elongation which the fiber suffers when subjected to the strain applied. The latter

is secured by placing small weights successively in the pan until sufficient are added to cause rapture of the fiber,

Jind the total weight and the stretch are then noted and recorded. Or, mother case-, very line shot or sand

to llow very slowly into the pan until rupture occurs, and the quantity necessary to this is weighed in a chemical

balance to determine the strain.
913
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Mr. Charles O'Neill has devised an instrument which he has described in a paper read before the Literary and

Philosophical Society of Manchester, England, and it is so ingenious that we have taken occasion to reproduce

his description in an appendix to this report. In general it consists of two cylinders of different diameters, one

partially filled with water, the other floating vertically within the first. The whole arrangement is placed upon a

bracket fixed to a stand, and at the top of which is a horizontal arm. The floating cylinder is raised to a zero point,

the fiber fixed by one end to its upper part, and by the other to the extremity of the horizontal arm of the upright

standard. At the bottom of the larger cylinder is a stop-cock by which the water may bo drawn off. When the

stop-cock is opened the fall of the water throws the weight of the smaller cylinder upon the fiber nearly in propor-

tion to the amount of water drawn off. The latter is measured and the strain calculated, correction being easily

made for differences due to stretch of the fiber. For holding the fibers in,making the test, they are first pasted to

small pieces of paper fixed to wire triangles, so that clamps are avoided, and it is only necessary to place the small

triangles over the hooks provided. O'Neill's method and apparatus are certainly excellent, and there can bo no

question of the accuracy of his results. The only objection to it is, that it involves more time in manipulation and

subsequent calculation than can ordinarily be given to such tests, and any means that will obviate this difficulty

must certainly be desirable. For instance, great care and skill must be used in arranging the fibers for the test.

To paste them to the small pieces of paper attached to the wire triangles requires an amount of patient labor,

which, in our work, we have sought to avoid without impairing the correctness of our results, and reduce the time

required to make the actual tests as well.

The difficulty of securing an apparatus that will combine all the qualities desired will be appreciated upon com-

parison of the instruments described. As we have said, in France, in testing the strength of, wools and raw silks,

the spring balance has been almost exclusively employed, but the relations that may intervene to affect the elasticity

of the spring, and consequently its resisting power, especially in the case of springs sufficiently delicate for our pur-

pose, are so numerous that we considered it advisable to avoid them and seek some other means for applying the

resistance required.

Many good authorities on strength of materials maintain that satisfactory results can be obtained only when

the beam balance is used, and it is upon this principle that the instrument we have employed is based. To arrive

at this as nearly as possible we have made use of a pendulum attached to the axis of a wheel free to turn. The

power is transmitted to the circumference of the latter, and the pendulum moved from the vertical furnishes the

resistance. The construction of the instrument is illustrated in the accompanying plate, No. III. A is a standard

for supporting the wheel B, to which is attached the pendulum arm C, bearing at its lower extremity the small

weight or counterpoise D. At the point E in the wheel is attached the end/>f the chain F, which passes over the

circumference and is attached at its other extremity to the frame G, in the center of the head of which and to the

end of the chain is fixed the clamp H. Now, it is plain that any power applied vertically downwards at the clamp
H must be communicated to the circumference of the wheel B and turn it, moving the pendulum from the vertical,

and the deviation from the vertical or the distance which the point of the pendulum moves over the arc I K, will

be in direct relation with the amount of power applied. To standardize the instrument and graduate it, for this

must of course be done by experiment, it is only necessary to successively apply at the point H weights of different

denominations and locate the- point on the arc at which the point of the pendulum comes to rest after the oscilla-

tions communicated in the application of the weight, or started by hand, cease. As might naturally be expected,
the divisions on the arc corresponding with different weights vary with their position ;

that is, they are smaller

near the extremity I and gradually increase toward the end K. But there is a section in the quadrant where the

cosines are nearly equal, and to secure as nearly as possible uniformity in the length of the division of the scale, it

was oar endeavor to confine the motion of the pendulum to that part of the are. The pendulum was, therefore, so

counterpoised by an initial weight that when in equilibrium it hangs at an inclination to the vertical line passing
through its center of motion.

In the instrument we have used, which for convenience was graduated according to the metric system, tho

range given is 80 grams ;
but this range is necessary only in the tests of the coarser and stronger wools, and

the instrument with this large range is less delicate for tests of finer and weaker wools than one of shorter range,
and in order to secure both conditions in the same instrument the following plan was adopted : The weight or

counterpoise D was made detachable, and when it was removed the scale upon the upper part of tho arc was
graduated after the same manner as the other. With the counterpoise thus removed the shorter scale is always
employed in testing the finer fibers, and the arrangement makes the same instrument adapted to the test of fibers

of widely differing tensile strength, and it has proved exceedingly convenient in some parts of our work. The
divisions on the arc, as already intimated, represent grams, and are sufficiently large for the eye to detect and
read off differences of a quarter of a gram and even less, though the scale is not so graduated. The other
essential parts of the instrument are the following: The clamp L, entirely independent of the frame G, attached to
the rod m, which slides vertically through the screw n, working through the nut-wheel, which, in turn, is in contact
with tho wheel or pulley Q, having a crank, E, for application of motion. The guides S S insure steadiness of the

parts in operation. In practice the fibers are stretched and held between the clamps H and L, which are opened
and closed by means of the small thumb-screws hh and I It is plain that

if, upon application of power, which may
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now be effected by turning the wheel or pulley Q, if the fiber be perfectly rigid the distance between the points or

clamps H and L will always remain the same until rupture of the fibers occur, but in case of stretch of the fiber

previous to rupture the distance between the clamps must be correspondingly increased and the measurement of

this increase and consequently the elongation or ductility of the fiber, provided for. A scale is ruled upon the

frame G, while the indicator T, passing over it, indicates the amount of increase of distance between the clamps,

and consequently the stretch of the fiber. The initial distance between the clamps being first fixed, the indicator

is brought to the zero of the scale by sliding along the rod M, and finally fastened with its thumb-screw. The

eliding rod is held in position by the thumb-screw m.

In the construction of the frame bearing the scale for measurement it is important that the sides should be able

to swing freely in the direction of the opening of the clamps, for since the fiber cannot always be placed in the

upper clamp at the same point and directly in the central line of motion, the frame must, upon the application of the

power, if all the parts are rigid, be moved from its vertical position, and there must consequently be a loss of power.

But if the sides of the frame are free to swing they readily maintain their vertical position whatever maybe the

position of the fiber in the clamps. In the further construction of the instrument there appears to be but one point

at which there may be any loss of power and motion, and this is in the bearing in which the wheel B turns. To

obviate this difficulty, the axis of the wheel is made of well-hardened steel and the ends are tapered to fine points

which rest in conical cavities of very hard steel boxes, as illustrated in the adjoining figure, showing the parts

~1 ~) very much enlarged. Theoretically the point of the axle should be perfect, making a practical knife support,

I as in the chemical balance. Practically, however, the point, though small, is more or less rounded. Instru-

L/AJ ment-makers maintain that a perfect point would be objectionable, and as a fact the friction due to the slightly

[

blunted point is inappreciable. The perforation of the box extends entirely through it to provide against

I injury to the point in adjusting.

In the earlier instruments made for us, the power was communicated from the larger wheel, Q, to the smaller

one, O, by means of a band, but this means proved very unsatisfactory. At the instance of Dr. S. H. Peabody,

Kegent of the University of Illinois, we provided for friction contact between the wheels, regulating the contact by
means of the screws Z, and it proved all that could be desired. Yet the roll of the metal surfaces upon each other

caused some objectionable jarring, and, finally, to obviate this the periphery of the larger wheel was surrounded by
an india-rubber band. This insured perfect contact in every part and made much smoother motion.

The combined instrument is mounted upon a substantial table supported by leveling-screws X and provided
with the necessary spirit-level, so that when in operation the pendulum may be caused to hang and swing in a ver-

tical plane.

The screw motion for the application of the power insures perfect steadiness and freedom from jerks, so that

the strain may be increased slowly and with great regularity.
The instrument is also provided with a stop arrangement to catch the wheel and hold the parts at the points

reached at the instant of rupture. It consists of a very light eccentric resting upon a collar on the wheel B at the

back. It rests upon the collar so lightly as in no way to interfere with its motion, but it presents the difficulty of

not always catching at the instant of rupture, and in the actual tests it is always necessary to watch the motion of

the pendulum over the scale and note the point at which the rupture occurs. Later, an attachment was made to the

pendulum so that upon rupture it was caught by a ratchet upon the measuring arc, having 50 notches to the inch.

In making the tests practically we proceed as follows : First, the clamps are brought into position and within
the proper distance from each other, as determined by the coincidence of the indicator T with the zero of the scale

on the frame
G.^

The fiber to be treated is grasped by its butt end and inserted between the jaws of the upper
clamp L, and the latter closed by means of the small thumb-screw provided for the purpose. The remaining free

extremity of the fiber is drawn through the lower clamp L and fixed, the operator being careful not to apply any
strain more than just sufficient to destroy the crimp. With the fiber just fixed, the wheel Q is slowly turned and
the power applied to the fiber through the screw motion and standard M. Considerable practice is required to
enable the operator to apply the power with proper rapidity. If the application be made too rapidly, the result
for strain is likely to be too high and that for stretch too low. As a rule, it has been found better to move along
regularly until considerable elongation occurs and then proceed only just fast enough to prevent the pendulum
from receding on account of the stretch. The pendulum is constantly watched, the point it has reached when
rupture of the fiber occurs is finally recorded, the pendulum again raised to that point, and the stretch suffered by
the fiber under the strain read from the scale on the frame G, and entered upon the record. One arm being
graduated to millimeters, the other to parts of an inch, it is possible to state the result in either standard. We
have used the metric scale.

In this way all of our tests have been, made. But a very important question at once arose, that is, the length
of the portion of fiber to be tested or the distance between the clamps during the test. Of course all the tests
should be made with the same length of fiber, but it was difficult to decide upon what this length should be. To
determine differences due to this cause a series of special tests were made in which different lengths of fiber were
employed, and the results obtained are presented in Table XII. Here we have made experiments with Cotswold
wool, using successively lengths of 1, 2, 3, 4, 5, and 6 centimeters, respectively, and we find that the differences are
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very marked. In this test, while there seems to be no regularity in the variation in strength, there is a gradual
reduction in the figures representing the stretch. This is illustrated by the following figures, giving the averages
in each case. The first sample tested in this way was No. 66, side.

Length touted. tata

I"! K7

:< M
.-j. i

--.!. M
JC M
J1.6J

Per cent,
of ilrctcb.

4S. K7
4-.' M
17. GO
34.17
84. M
W.M1

The averages of the other tests are as follows :

Spl.
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The conditions for determination of the strain being thus settled, another difficulty arises that has proved even

more perplexing. In what has just been stated we have spoken of the stretch the fiber sustains under the strain

required for its rupture, and in many of our tests this has always been noted and recorded in making the tests of

strain. But in the determination of the commercial value of the staple its elasticity must be considered, and it

becomes an important question to fix the relations between this stretch or elongation and the elasticity or the power

of the material of the fiber to return to its original condition subsequent to the application of strain not sufficient

for rupture and what will be the proportion of permanent stretch or set produced in each case. To determine this

point a large number of tests have been made after the following manner : A certain number of fibers are drawn

from each sample, and each fiber placed in the instrument in the same way as described for the tests of strain. A
strain sufficient to cause a stretch of 1 millimeter is then applied. When this amount of stretch has been produced

the strain is relieved and the fiber allowed to resume as far as possible its original condition. When the action of

contraction appears complete the power is again applied and continued until a stretch of 2 millimeters is effected,

when the strain is again removed and the fiber again allowed to contract. Again, after complete contraction, the

operation of applying power and withdrawing it is repeated for a stretch of 3 millimeters, 4, 5, 6, &c., respectively,

until the fiber breaks. In each experiment with the fiber we record the strain applied in grams, the total

stretch suffered by the fiber at that strain, and the permanent stretch or the increased length of the fiber after

each experiment. It must be plain that the difference between the total stretch or elongation and the permanent
stretch or set represents the elasticity of the fiber under the given strain. The results of a series of experiments

made upon different kinds of fiber are detailed in Table XIV. The question of how to state them best has been a

perplexing one, and after long consideration we have concluded that because of the many relations they involve

it is advisable to give them in full as they were obtained, leaving to others or to future work the matter of their

condensation.

With these considerations we submit Table XIV, with the general conclusion, most important for our present

purpose, that the total stretch each fiber is able to sustain previous to -rupture is a fair indication of its elasticity.

And on account of the excess of work required in making these tests the conclusion proves to be for us a fortunate one.

In the earlier tests made for this table the work was confined to samples of the known breeds, and fearing lest

the more favorable conditions of feeding and management might have a tendency to induce greater regularity in

the results, a series of tests were also made with samples from the various commercial grades of the Boston and

Philadelphia markets at our disposal, in which the objections on account of such conditions could not arise. But
as may be seen upon inspection of the results obtained from tests of these samples, the source of the material

seems to be unimportant. The law, if it may be accepted as a law, still holds good, and the set and elasticity

vary almost directly with the stretch. In this branch of our investigation we have relied principally upon the

results of tests of strain and stretch taken in single operations for the determination of the relations of the various

conditions of breed, part of fleece, sex, age, &c., npon the strength and elasticity of the staple in each case. In Table

XV we have collected all of the individual tests, with samples of known breed, placing those of the same breed under
the same head. This table is constructed after the same manner as Table XIV, already described. The results of

the separate tests in each sample may be studied and compared if desirable, and from their various relations made
out. For the more ready comparison of the relations between strain and stretch we have projected the curves

given at the end of the table. These show pretty clearly what may be learned from more extended study of the

tables themselves, that while there is a certain relation between the two qualities of the fiber, and that the relation

is nearly general, it is by no means absolute from fiber to fiber. Thus, in these cnrves the figures at the bottom of

the table indicate the number of the fiber tested in the sample represented. The figures at the side represent,

respectively, strain and stretch, the colors in the figures and cnrves corresponding. We shall return to these
curves further on. In the present table we may compare, then, the individual fibers of each sample, and secure from
it the data for construction of the following tables showing the various relations above mentioned. At the bottom
of the table we have the reductions of grams to grains of strain, and from millimeters to per cants of stretch,
and as in the previous tables, for fineness, the highest and lowest results in each case, and the number of tests

above and below the average, respectively, are given, we have here in a limited way the means for comparison of

uniformity in the fibers of each sample as well.

In Table XVI we have collected the recapitulations and reductions of Table XV, arranged to show the influence
of breed upon the qualities in question. It affords an opportunity not only for comparison of the breeds with each

other, but for the variations occurring in the fibers of each breed also. Thus, if we collect the general averages,
we find them to be as follows :
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It will bo remembered that those figures* involve no other consideration than that of breol. 1 It-ro we find that

as regards the strain the Cotewold and Oxforddown are about equal, and that they have very nearly the same per-

centage of stretch, while in both strain and stretch the Oxforddown shows somewhat more of uniformity. Between
the others there seems to be little of any similarity. Comparison of all the figures of this statement and the

entire table shows that a high strain corresponds with a high stretch; but it is also true that this relation is by no
means absolute

;
that is, there is no regular or proportionate increase of stretch with increase of strain. That

while the Cotswold and Oxford and the other coarse wools have a high stretch with the high strain, relatively the

stretch of the Merino is much higher when compared with its strain. At the same time when we examine the

averages for each sample wo find variations depending upon causes either difficult to determine or to be developed
ia the following tables. In the general averages, as shown by the highest and lowest, the Cotswold is the most

uniform, though it presents tolerably wide variations from the average. Next to it stands the Merino, followed by
the Southdown

;
the Lincoln, Leicester, and Oxford being comparativelyirregular, according to the indications these

figures afford.

In the next table the results given in Table XVII are collected and classified according to breed, sex, and

parts of fleece. That is, in the first place, the breeds are all placed in separate groups, then under each group the

rams' wools are placed in one division and the ewes' wools in another. These divisions are further subdivided and
the figures representing the shoulder, side, hip, and belly, respectively, are placed in separate subdivisions. By
these means we are able to obtain general averages for each condition, as well as to note the variations in the

results in each case. And from this table it is easy to see that although the number of specimens examined and
the number of results obtained in our investigation are apparently large, yet for the comparisons and deductions

we have here to make they are still very meager, for in some cases we have had one or two results tinder each head,

scarcely sufficient to base general conclusions upon. The general averages of this table are collected in the

following one, Table XVIII, where they may be more conveniently compared.
In this table we have brought together the general averages of the two preceding ones, and we therefore have

in it an exposition of the influence of breed, sex, and portion of fleece upon the strain and stretch. In the first

portion of the table we have the general average found in Table XVII
;
that is, those found for each breed, with no

consideration of sex, part of fleece, or other condition. We find here the relations already pointed oat The
Cotswold and Oxford are strongest, and have the highest percentage of stretch. The Southdown and Merino the

weakest, and have the highest relative stretch, that is, when referred to the size of the fiber and the strain they
are able to sustain, while the other breeds occupy an intermediate position. The variations from the average are

in all cases pretty wide, but least so in the case of the Cotswold and Merino.

In the further examination of this table we find that in all of the breeds with the exception of the Merino, as

shown in the general average for the whole fleece in each case, the ewes' wool is stronger and is able to sustain a

greater strain than the rams' wool. In the Merino the conditions in this regard are reversed. But the same
relations do not hold for the stretch, for while the strain is in each case greater, we find that for the Cotswold

and Oxforddown the rams' wool is able to sustain a greater per cent, of stretch than the ewes' wool. In the other

breeds, however, the relations are the same, the higher stretch corresponding with the higher strain.

If now wo compare the figures representing the different parts of the fleece, we find that in some cases there

is a gradual increase from the shoulder to the hip as regards the strength, while as regards the stretch there

appears to bo no regularity. That is to say for the Cotswold of both sexes and the Lincoln and Oxford ewes the

side is stronger than the shoulder, and the hip than the side samples. In all other cases the side wool appears to

bo the weakest and the hip wool the strongest. But all of the figures of this table clearly show that no fixed

relation prevails between the amount of the strain and the precentage of stretch, though such a relation might
occur if we had in all cases fibers of the same degree of fineness. But it would be exceedingly difficult and

almost impossible to secure the data for such a comparison unless time were no consideration.

In the wools of the cross-bred animals there seems to have been no improvement in either strength or stretch

as a result of the cross, for in all cases both stretch and strain are lower than in the original breeds of either side.

It must, however, be remarked that the samples represented in these figures were taken from animals which prob-

ably received no special care in feeding and management, and the fibers may have suffered to some extent either

from exposure or bad nutrition. Tot the figures to be given further on for the grades of the Boston and Philadelphia

markets will scarcely sustain this view, and for the present at least, and until we have been able to study mate-

rial from animals concerning which the conditions of feeding and management are known, we must believe that

the discrepancies, if they may be so considered, are due to the influence of crossing.

Passing to the next table. No. XIX, we have an opportunity to study the influence of age of the animal upon

the qualities under consideration. Here, as before, the figures are classified, first as to breed, then as to sex, then as

to age, and finallyas to parts of the fleece. And here is well illustrated the paucity of the results we have to work

npon, for while there seem to be a great many results as a whole, we must depend in many cases upon a single indi-

vidual for the determination of these relations in any given breed. If we look over Table XIX we find consider-

These figures are collected in Table XVIII, given further on.
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able variations in the strength of the wool, both in different animals of the same age and in different parts of the

same animal, which shows the importance of a large number of tests in each case. But from the general averages

we have been able to obtain from them we have some interesting facts. These averages are collected in Table XX.

They show, as a general rule, that the strongest wool is produced upon animals of about two years of age, or at

the second shearing, though there are some exceptions to this rule. Thus, while in the Cotswold rams we have

the strongest at two years, in the ewes we have it at one. In the Lincoln ram we have it stronger at one, and in

the ewe at two. In the Southdown both the rams' and ewes' wools are stronger at one year than at two
; while

the Merino wool appears to attain a maximum strength at two years in the case of the rams and one in case of the

ewes. But upon further examination we shall note another interesting point. We find that these wools attain a

maximum strength at a given age, and show a certain falling off with increase of age. But this does not con-

tinue indefinitely. After the first decline, which may be rather decided, there is a gradual increase of strength with

increase of age, and a second maximum may be reached at 4, 5, or even beyond this, higher than the first. This

appears more marked in the coarse wools than in the Merino. But in the latter we have so many more tests, that

this relation may be only accidental, and what is true for the Merino may be true for all other breeds as well
; that

is, after the first maximum is reached there is little variation in the strength of the wool, and the wool of the older

animal is as good as regards strength as that of a younger one. But if, as we have already shown, the diameter

of the fiber increases with the age of the animal, we should also expect that there would be an increase in the

strength. It appears, then, that this relation does hold good here, for we have found that in the coarse-wooled

breeds the increase in size of the fiber corresponds with increase in the age with greater regularity than in the

Merino, and so we find here that this relation, as we are able to trace it, is more marked in the coarse wools than

In the Merinos. But, as we have already intimated, this difference in the two classes of wools must be considered

with reference to the number of samples examined in each case, and its existence as a general fact must still remain

an open question.

When we examine the relations of stretch to age we find somewhat similar conditions, and the maximum cor-

responds in most cases with from one to two years in the case of the long and coarse wools, and with five or six

years in the case of the merino. It is greatly to be regretted that we have not more figures for this comparison;
but taken as a whole we believe we may conclude that in most cases the strength and stretch, like the fineness,
will increase with the age of the animal, at least up to the limits of its profitable wool-producing capacity.

In Tables XXI, XXII, and XXIII we have results collected and arranged to show the influence of the folds

or wrinkles of the Merino race upon the characteristics of the staple as regards strength and stretch. In the first

table, No. XXI, we have them divided into two classes, one class including results for samples from the tops of

folds, the other from between the folds. In glancing over the figures, either for strain or stretch, in this table we
see considerable variation from sample to sample as well as in the relations between strain and stretch in each case.

But what is more important is, that in the figures representing the fiber from between the wrinkles we find less

variation in the strength from sample to sample, though the average strength is lower. The latter condition is to
be expected also, for we remember that the fiber from between the folds is much finer than that grown upon them,
and the strain should naturally be less in the former case than in the latter. But we find the general average for

percentage of stretch in the fibers from between the folds greater than in the others, though the difference is not

great. In view of the relations already developed this was scarcely to be expected.
In Table XXII the results of Table XXI are classified with reference to the portion of the fleece represented,

and here we find the same relations to hold true. The wool from between the wrinkles is weaker than that from
the top, while in almost every case the stretch is higher in the former than in the latter, whatever may be the source
of the sample. We have an exception to this rule in No. 45, neck. Here the wool from the top of the wrinkle
proves more elastic than that from between the folds. But as regards the influence of different parts of the fleece

upon thb quality of the wool upon the folds and between them there does not seem to be sufficient regularity to
establish a law.

In Table X XIII we have a collection of the averages deduced in the two preceding tables, and we have in a
condensed form the facts already set forth. We see that the wool from top of wrinkle is stronger but less elastic
than that from between the wrinkles when taken as a whole both in ram and ewe, and it appears also to be true
whatever be the source of the sample in the fleece. We may therefore accept it as a general rule, and it shows
that in the strength and elasticity, as well as in the fineness, the wool from the folds is less valuable than that
from the portion of the fleece where no folds occur, and it would therefore appear that if it be possible to secure as
much wool without them as with them they should be dispensed with if this be within the range of the breeder's art.

In the preceding tables we have presented the data showing the relations of the various conditions of breeding
upon each of characteristics of the fiber we have under consideration, and have thus furnished an opportunity to

study each one separately. It now remains to bring together all the results, or rather the averages, they furnish to
show the influence of the various conditions upon all the qualities examined collectively. To this end we have
gathered from the several tables the general averages obtained. What is there shown will be better understood
by reference to them, Tables XXIV to XXVI inclusive. In the first place, we have in Table XXIV all the general
averages showing the influence of breed upon the fiber, in the next the influence of age, and in the last the rela-
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tion between the number of crimps per inch, and the fineness, strain, and stretch. Referring to the tables, then, we
find in Table \\IV.at the top, a section in which is given, under the tables, number of crimps per infh, length, fine-

ness, strain, and stretch, the general average obtained for each in each breed, with no reference to any other quality.
But we must call attention to the. seeming advantage of the Leicester as regards length. It must bo borne in mind
that most of the material for these examinations was collected in September from the bodies of the animals, and that
at this time the wool had acquired only half its annual growth. On the other hand, the Leicester wool examined was
that of one year's growth, and had acquired its full length. In other particulars the comparisons maybe made
without reserve. The figures of this section show, then that, the C'otswold and Leicester breeds produce the longest
libi r. and that in this respect the Lincoln is somewhat inferior to these two. These three constitute the long-
woolcd breeds. In the other wools the Downs occupy a position between the Merino and long-wools, the Oxford
and Hampshire being of about equal length and longer as a rule than Southdown. The latter in turn has about
the same length as the American Merino. The Merino wools we have examined have an average length of 1.5

inches, which shows that the staple in full growth and development should have an average length in crimp of

about three inches. In fineness we find the Merino to take the lead, as might naturally be expected. This is fol-

lowed by the Southdown and Ilampshiredown, which resemble it closely in very many peculiarities of form and

quality, the Southdown being the liner of the two, while the other breeds stand in the following order: Lincoln,

Leicester, Cotswold, and Oxforddown. The Oxforddown is coarser than either of the two breeds from which it

sprang, and thus shows to some extent the influence of the cross in the development of strength and vigor. But
now when we come to examine the figures for strength of the fiber represented in the strain, we find the order some-

what changed, and the law that the strain should increase with the diameter of the fiber somewhat interfered with.

Thus, with regard to the strain, the order of strain from the weakest to the strongest is as follows: Merino, South-

down, Leicester, Lincoln, Oxford, and Cotswold. That is, whereas we find the Lincoln finer than the Leicester

and the Cotswold than the Oxford, wo unexpectedly find the same order as regards strength, the Lincoln and

Cotswold, which, because of the smaller amount of material they contain, should bo able to resist a less strain than

the Leicester and Oxford respectively, being really the stronger, thus showing conclusively, as far as these figures

go. that the general rule that has been adopted by many of the best authorities on wool, that there is a direct rela-

tion between the size of the fiber or its diameter and its strength, is unjust and should not be accepted. The
dill en 11 ces hero shown are quite sufficient to disprove the rule.

So also with regard to stretch. It is naturally to be expected that, for the same material, an increase of cross-

u of the specimen tested should correspond with an increased stretch it should sustain. But we find that

* by no means the case with wools, and differences in quality from breed to breed are very manifest here.

The Merino, which has the smallest diameter, should also have the smallest percentage of stretch
;
but we find this

i latter in the Southdown, which is much coarser. So also we find that while the Merino, having an average fine-

I' L'.l.'.l centimillimeters, has a percentage of stretch eqnal to 28.70; the Oxford, Cotswold, Leicester, and

Lincoln, which are nearly or quite twice as coarse, stretch only from 33 to 35 per cent, in a length of 20 millimeters.

This shows that in reality the Merino wool is apparently much more elastic than that of other breeds, while of the

wools the Cotswold and Lincoln are the most elastic. As we shall see further on, however, in the comparison
and stretch for the fibers reduced to the same diameter, the difficulties apparent here are thoroughly

I up. This point is worthy of much more thorough and extensive study than we have thus far been able to

e to
it, but we are fortunately now in possession of material for the purpose, and hope at some future time to

kpceent data of a much more definite character, that will afford conclusions that may be accepted as a guide in this

interesting and valuable branch of sheep-breeding and production of wool.

The comparative elasticity of the wools of different breeds will be shown in a different manner elsewhere in

report, so that we need discuss them no further here. The results obtained by the two methods show the

reliability of the total stretch as here stated, taken in connection with the fineness, as an indication of this quality

.0 fiber.

In the continuation of this table we have these same relations between length and fineness, strain and stretch,

as ail. , led by sex and portion of fleece, fully illustrated. From these figures it appears that in the Cotswold and

idown the rams produce the longer wool, while in the other races the ewes take the lead in this particular.

ild therefore appear that for the same weight of carcass, and hence the same extent of skin surface, the ewes

should be better wool-producers than the rams in all the races except the two here mentioned. But as regards the

ins of the fleece, it appears that the longest fiber is produced on the side and hip in all the coarse-wooled breeds,

while in the Merino the neck and shoulder are more favored in this respect. Indeed, it is probable that the neck

'lea here represented were taken from so near the shoulder that they should really be classed with that portion

of the fleece. So we also find, if we exclude the belly wool which, as we shall see further on, is very inferio

many particulars the finest wool as a rule is found upon the shoulder and side, with the predominance in favor o

>nner. In the Cotswold and Merino we find the finer wool on the shoulder in both cases of ram and ewe.

incoln the finer wool is upon the side in both ram and ewe, while in the Downs the ram produces tiio finer wool

jn the shoulder and the ewe on the Hide.



222 INTERNATIONAL EXHIBITION OF SHEEP AND WOOL.

But as regards strain we find the stronger wool invariably upon the hip, though the wool of this part is not

always coarsest, proving again that the strongest resistance to strain does not always correspond with the greatest*

area of cross-section in the sample tested. After the hip the greatest strain varies between the shoulder and side?

being found greater sometimes in one case and sometimes in the other, and nearly equally divided. But the

variations between the two are often comparatively wide, wider than the difference in fineness of the two parts'

would lead one to expect. Thus, in case of the Ootswold ram, we find a difference of nearly 7 grams in favor of

the side, and of only about 2 in favor of the side in the case of the ewe. On the other hand, in the case of the

Lincoln ram we find a difference of only about 3.4 grams in favor of the shoulder, while in the Lincoln ewe the

difference is nearly 7 in favor of the side. In the Southdown they are nearly equal in both cases, and in the Oxford

the difference is only 1 or 2, while in the Merino they are also very nearly equal. But we find that as regards the

elasticity of the fiber the tendency to the highest standard is toward the hip, and that the latter and the side

furnish, as a general rule, the higher stretch. It is true that the shoulder wool is rather finer than that of other

parts, and the stretch should therefore be expected to be lower in that part; but the relation between the fineness

and stretch is not sufficiently marked to account for the differences we find here. So that when we come to con-

sider the wool as a whole, and its value for the textile industries, one quality counterbalances another to a large

extent, and there would seem to be less necessity, and even less desirability, for dividing the fleeces in grading'

than has popularly been supposed. But these figures will bear further comparison and farther study, and we hope
and believe that breeders and manufacturers alike will find in them much of interest and value for practical appli-

cation in their respective pursuits.

We have next to consider the influence of age upon the different qualities of the fiber, as illustrated in the

general averages of all the tables we have presented, and as collected in Table XXV. Here the distinctions due to

age are the same as previously described in the consideration of previous tables. In all cases in which the age
falls below one year, and is not otherwise given, it is simply stated by the term " lamb." But at the same time it

may be considered that the animals represented were of the spring drop of the same year, and that the wool when
taken had had a growth of about five to seven or eight months. Lambs and six months animals are therefore

practically of about the same age. The wool of animals one year or over was, as has already been stated, taken
in September, after a clip made between April 15 and May 1, as a general rule having had about half its annual

growth. Now, when we compare the figures of this table as regards the length, we find that the young animals

have the power ofproducing wool twice as rapidly as fully-developed animals} for in all cases the lambs' wool is longer
than that of older sheep, while in many cases it is fully twice as long. How long this rapid growth would continue

we have had no opportunity to determine, but we see that at the age of one year, though slightly more rapid than at

a more advanced age, the difference in each case is very small. On the other hand, with an increase of age there"

seems to be a tendency toward an increased size of fiber and that the staple produced becomes coarser with tho

advance of years. We may see exceptions to this rule in all the breeds, but in general this tendency undoubtedly
prevails. So also we have a tendency toward increase of strain, though here we find exceptions, too. The stretch

fluctuates, and in some cases even exhibits a tendency to decline, showing that the increase of age is probably
accompanied by a decrease in the elastic quality of the wool produced. There can be no doubt, therefore, that if

all the qualities we have studied be taken into account, the sheep reaches its maximum capacity for wool

production at the age of two or three years, and that beyond that age the staple is likely to decline, both as to

quantity and quality. We may find exceptions to this in animals well fed and especially well cared for; but in

large flocks, when no extraordinary attention is received by the animals, they will probably produce wool of lower
standard at six years of age than at two or three.

>In Table XXVI we have a comparison of the general averages to show the relation between the number of

crimps per inch in the fiber and the other qualities heretofore named. It shows that as a general rule in the Merino,
in which it is by far the most important, the diameter of the fiber decreases and the fineness consequently increases
with an increase in the number of crimps per inch. But when we carefully examine the table we find that the
relation does, not always hold good, and that sometimes with very fine fiber we may have very little crimp, and
vice versa. However, it holds good for the final averages, showing that it is reliable for the majority of cases, and
it may therefore be accepted both by breeders and manufacturers as a tolerably fair indication of fineness, even

though it may not be an absolute guide.
As regards the strain and stretch, the relation between them and the fineness already pointed out here find

application, and here, as elsewhere, definite relations appear to "be wanting.
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TABLE Xlll. Mowing influence of length offiber tested upon strain and stretch.
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TABLE XIII. Showing influence of length offiber tested upon strain and stretch Continued.

Catalogue number of samples.
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TAIII.K X I V. Actual mtasurantiit*, xhoicing relation between strain, stretch, and elasticity.
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TABLE XIV. Actual measurements, slwwing relation leticeen strain, stretch, and elasticity Continued.

Catalogue No. of samples.
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TABLE XIV. Actul Huaturemcnts, showing relation between xtrain, utretvh, and elasticity Continued.

Catalogue Ho. of sample*.
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:; H
4.00
0.00

I'.--.

1.00
1.25
I . 'i

3.00

0.75
LOO
1.7.'.

14N
.: H

UM
H.TO
17.75
1- .'.i

U.M
-

0.25
a 75
1.00
-.. I

2.75

0.75
i M
2.00

0.25
0.75
1.25

0.75
! M
L75

2 H

11.00
II 7-,

u M
13.50
14.50
17.25
19.00

12.00
13.25
14.75
M.M
1.4M
19.00

LOO

4.00
5.00
0.00
7.00
a oo

1.00
3.00
6.00
8.00
7.00
7.25

0.00
LOO
1M
1 1 1

.: i

I i i

1.00
LM
2.00
in
:: '.I

3.00

.

25.75

14.60
15.00
10.60
IT.M
19.60
2.' -.-

LOO
1M
3.00
4.00
6.00
lot
7.00

1.00
1M
4.00
5.00
8.00
7.00

0.00
0.75
1.00
J. . u

2. I I

3.25

1.00
1.-J-.

2.00
1M
2.60
1 ::,

. i in

80.75
I <j

: | .

44.00
45.75

23.78
25.75

IT.M
29.00

LM
0.75
1.78

. M
3.25

0.75
1.26
2. 2.-,

2.50
2.75
2.00

:..., -i

24.75

ML "

32.60
30.25
:

> ->

LOO
100
4.00
6.00
6.00
7.00
7.78

LOO
100
8.00
4.00
8.00
a. oo
7.00

LM
2.00
4.00
6.00
0.00
7.00

1M
0.75
2.00
176
,M

4.00

0.76
CM
2..IO

175
3.00

0.25
0.75
LM
1.75
II '

II

0.75
1.25
1.75
125
2. M
175

0.00
0.75
1M
2.75
: M

l.Oi
1.25
2.00
2 ::>

175

0.00
1.00
2.25
1M
4.00

1.00
2.00
2.75
2.75
3.00

18.75
IB. 60
2L75
22.75
24.00
28.00
79.75

LOO
2.00
3.00
4.00
5.00
6.00
7.00

0.25
LOO
1.25
2.00
2.75
:: 2;

0.7$
LOO
L7S
2.00
2.25
175

COTSWOLD.

:uo So. of samples. 175. 175.

\

1T3. 176. 178.

Aotol meamnments in

gtaiu and millimeters.
'

20.00
2* M
B.75
M.I
:,:.--'

41.75

mm.
LOO
2.00
3.00
5.00
8.00
7.00
8.00

mm.
0.25
0.75
1.1'3
.' I i

&25
4.00

0.75
L25
1.75

2.75
3.00

13.60
14.60
15.50
Irt.N)

18.50
21.60

1.00
2.00
4.00
6.00
a oo
7.00

0.25
0.75
100
150
in
4.00

0.75
1.26
100
2 M
J. -,;

LI i

1 1. 1
.

D.M
-.- M
-.'.. M
81.75
31.75
HIM
45.60

21.25
23.00
24.50
25.75
20.50
33.25

LOO
2.00
3.00
4.00
5.00
8.00
7.00
8.00

LOO
100
4.00
5.00
8.00
7.00

0.00
0.50
LOO
1. 7-.

2.50
3.00
4.00
4.50

0.25
...7.-.

2.00
2.75

mm.
LOO
1.60
2.00
2.25
2.50
3.00
3.00
3.50

0.75
1.25
10*
.'.'.-.

". 7.-.

i I i

18.50
17.25
10.50
21.00

mm.
1.00
2.00
3.00
6.00
6.00

0.00
0.50
LOO

1.00
1.50
2.00
175
3.00

9.75
21.00
22.50
24.60
M.M
:: . :,.i

mm.
LOO
100
4.00
6.00
r. Hi

a 75

mm.
0.00
0.50
1.50

3.23

1.50
:'. M
175
2.7;

-.i

1 1 i
'

HIM
17.75
19.75
. : VJ
28.00

H.HM 7".

17.H
M.M
30.50
31.00

LOO
100
:<..)

4.00
6.00
8.75

0.00
0.7-,

LOO
100
1M

1.00
1.25
100
loo
2.60

17.00
1R25
19.28

LOO
100
4.00

0.25
LOO
100

n 7-

2.00
100

L7. in

:- M
2.1. 2

-

saso
tt.60
17.M
.M

45.50

SI. 60
23.00
J I. 7.-

2'. f"
;R M
30.00

1.00
J..-.J

3.00
4.00
5.00
8.00
7.00
8.00

1.00
100
3.00
4.00
6.00
8.00

0.00
0.75
LM
100
2. 7-,

125
4.00

1. 00
LM
1.75
100
125
175
3.00

18.25
17.25
18.75
19.00
2L75
;:.. iJ

1.00
100
4.00
5.00
6.00
7.00

0.25
a 75
L75
.'. n

0.76
L25
126
IIS
in

M ''

27. u.i

28.25

31.50

LOO
100
3,00
4.00
6.00

I.M
0.75
LOO
100
150

0.76
1.25
100
100
2.50

UiH
21.60
3160
33.60
25.00
;- i. .

:i.i. 7.-,

1.00
1M
.-! .w,

4.00
5.00
0.00
7.00

0.00
0.75
LOO
1.7.1

160
115

1.00
1.25
100
2. ::.

150
2. 7.-.

17.00
U.M
19.60
21.28
24.60
M.M

10.80
11.75
12. 7",

ULM
I4.M
i '.

.-i
i

ii;
"

0.25
0.75
L2S
10*
: 7.-,

0.75
LM
1.75
too
2 2.-.

2.1.7-

21. M
22 .'..)

24 .VI

28.60
:: i i

:w 75

LOO
...

4.00
6.00
8.00
7.00
8.00

0.00
0.50
1.75
2 2J
:i. -'.

1M

LM
1.60
125
2.75
2.7".

3.00

JO ?-.

2150
US5

LM
2. i

.1. ..'

6.00
6.75

no

a 75
1 .-)

115

l.r.i H ./,

LM
;., _: ..,

175 1160
4.75
M.5*UN

1.00
8.00
6.00
8.00
7.M
8.M

LM
100
4.M
6.M
6.00
7.M
ao*

I.M
EM
1M
4.00
6.M
8.00
6.75

LM
1M
S.OO
4.00
8.00
7.0'l

S.M

LM
3.00
4.M
4.7",

LM
1M
2. 75
^ no
1M
: 23

O.M
0.75
1.75
2.

3.00
:i. 7;

1.M
LM
2. 23

175
8.M
n 25

0.28
0.78
LM
1 7".

115
3.00

0.75
l.ZS
16*
2 25
ITS
a. oo

I r.

a 75
1.X8
1.75
:i (.1

4.M

O.TS
1. 15
l.TS
IM
: <*
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TABLE XIV. Actual measurements, showing relation beticeen strain, stretch, and elasticity Continued.

^=

Catalogue No. of samples. .
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TABLE XIV. Actual meamtrements, shoving relation between strain, stretch, and elatticity Continued.

OtUlogae No. of Mmplo. .

t

1

1
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TABLE XIV. Actual measurements, showing relation letwccn strain, stretch, and elasticity Continued.

Catalogue No. of samples .
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TABLE XIV. Actual measurements, showing relation let iceen strain, stretch, i icity Continned.

Catalogue No. of aamplet.
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TABLE XIV. Actual measurements, showing relation beticeen strain, stretch, and elasticity Contimied.

Catalogue No. of samples . .
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TABLE XIV. Actual measurements, shoicimj relation bettreen strain, stretch, and elasticity Continued.

ChUlofue No. of (ample*..
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TABLE XIV.-Actual measurements, showing relation letween strain, stretch, and dostfcity-Continued.

Catalogue No. of samples . .
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TABLE XIV. Actual measurement*, xhoicinrj relation between strain, stretch, and elasticity Continued.

Catalogue No. of samples. .
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TABLE XfV. Actual measurements, stowing relation leticeen strain, stretch, and elasticity Continued.
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TABLE XIV. Actwtl nmtxurrinentx, showing relation between strain, stretch, and elasticity Continued.

CUl<>sue No. of Maplea . .
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TABLE XIV. Actual measurements, showing relation between strain, stretch, and elasticity Continued.

Catalogue No. of samples..
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TABLE XIV. Actual meavurementx, showing relation between strain, xtretrh, and elasticity Continued.

Catalogue No, of samples . .
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TABLE XIV. Actual measurements, showing relation between strain, stretch, and elasticity Continued.

Catalogue No. of samples .
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TABLE XIV. Actual mcumtn m, >its, showiny relation beticecn strain, stretch, and elasticity Continued.

Catalogue No. of samples..

SOUTHDOWN.

139. 140. 140. 140.

Actual measurements In

fnuM and millimeters.
'

pnu.

15. JO
17.00
I- :.,

mm.
1.00
2.00
4.00
4.7S

MM

1.00
2.00

. /!.

1.00
2.00

10.75
15.25
16.M
10.50

1.00
2.00
4.00
5.00

,..,.1

o 7',

2.00

1.00
1.25
2,00

T! if.
'

it. :.<>

10.75
II.::.

13. M
11.50
13.50
14.50
15.00

.;. i/-

1.00
2.00
3.00
5.00
5.75

1.00
2.00
3.00
4.00

mm.
0.25
1.00
1.25
2.75

H.7J
1.00
L75
2.25

0.25
0.75
1.60
2. oil

0.75
1.25
1.50
2.00

11.7.'.

14.50
15.50
i.;. ".J

1.00
2.00
4.00
5.00

0.25
1.00
: ..ii

-, M

0.75
1.00

ft H
11.75
1175

1.00
2.00
2.75

1.00
... 7.-,

LOO

12.75
M.M
17.00
I-.-:;,

1.00
2.00
8.00
4.00

0.50
1.00
1.50

0.50
1.00
1.50

.""'-

UN
13.50
14.50
15.00

6.50
7.80
8.25
9.50
11.00

12.00
14.75
15.50
16.50
17.50
18.75
20.75

6.50

ft 25
9.00

1.00
2.00
3.00
4.03
6.00

1.00
2.00
I.N
.V ID

7.00

1.00
2.00
3.00
4.00
5.00
A 00
8.75

1.00
2.00
2.2".

1.00
1.50
"

".'

,.. :;,

1.00
LM

ffi
1:1. 25

14.75

1.00
2.00
.! I..J

0.25
1.00

0.75
1.00

I n,
a 75
10.00
10.50
II.-.

1

.-.

1.00
2.00
3.00
4.00

0.75
1.00
1.29
2.00

I ::,

1.00
1.78
2.00

0.00
1.00
1.25
3.00
4.00

0.29
LM
1.50
2.00
3.00
3.75

1.00
1.00
1.75
L' |.il

3.00

0.79
1.00
1.50
100
2.00
I 20

a. 78
8.00
8.50
J. 2.-.

1.00
2.00
3.00
5.00

o. 25
1.00
LM
2. 7:,

0.75
LOO
LM
J. 2:.

12.25
14.25
14.50

1.00
2.00
3.00

0.25
1.00

0.75
1.00

9.00
HLM
14.25
15.00
17.80

12.50
13.75
14.75
15.80
10.75

1.00
2.00
3.00
4.00
8.00

1.00
2.00
3.00
4.00
8.00

0.00
0.75
1.28
2.00
2.75

0.00
0.75
1.28
- H

1.00
L2S
1.78
2.00
2.25

LOO
L29
L75
2.00

0.25
tin

0.75
1.25

12.00
13.50
14.50

I. 00
2.00
3.25

0.25
1.00

0.78
1.00

SOUTHDOWN.

Catalogue No. of samples.. 141. HI. 141. 141. 142.

Actual measurement* in

grams and millimeters.

pmt.
13.75
14.75
18.50
1.1. 7f.

19.50

1.00
2.00
8.00
8.00
6.00

0.25
0.76
1.00
2.50

0.75
1.25
2.00
j. :.)

u> .---i

22. r-il

M.M
24 7.-,

24.75

1.00
2.00
3.00
4.00
8.00
6.00

0.25
1.00
1.28
2.00
2. 75

3.25

(1.7.-.

1.00
1.75
1M
2.25
2.75

8.00
10.25
LLM

1.00
2.00
176

0.25
1.00

n 7.-,

1.00

1- <

B.M
M.M
21.7:.

M.M

1.00
2.00
3.00
4.00
4.76

0.25
0.78
1.25
2.00

0.75
1.25
1.78
2.00

fnw.4.75
17.50
I'.'.i'ii

2. 00
21.75
23.75

16.50
1 '.'."<i

j". -jr.

21.50
MM
IS, 00
28.00

12.00
15.75
1-1. 7.-.

17.78
l.-l. 75

12.75
10.00
16.50

mm.
1.00
2.00
3.00
4.00
5.00
5.75

1.00
2.00
3.00
4.00
5.00
8.00
7.00

1.00
2.00
3.00
4.00
5.00

1.00
2.00
2.75

mm.
0.28
1.00
1.25
2. Ml

175

mm.
0.78
1.00
1.75
2.00
2.25

15.25
a.M
j '. 7-

25.50

mm.
LOO
2.00
3.00
4.00

mm.
0.25
LOO
1.80

0.75
1.00
1.50

nut.
II.:.:.

15.28
16.00

mm.
1.00
2.00
3.00

0.75
LOO

0.75
1.25
2.00

11.28
12.25
13.25
14.75

1.00
2.00
4.00
5.00
6.75

1.00
2.00

I.M

0.75
1.00
2.00
2.00

a 25
0.75
1.25
2.00
2.75
3.50
4.00

0.25
1.00
1.25
2.00
2.75

0.75

0.7*
1.25
1.75
2.00
2. :,

ISO
3.00

0.75
1.00
1.78
KM

0.75
L25

9.25
11.00
12. '-I

1.00
2.00
2.00

0.75
1.00

0.75
1.25
1M

11.50
13.50
14.00
15.50
17.00
19.25

1.00
2.00
8.00
6.00
6.00
7.00

o. ;-,

1.00
1.25
2.75
3.25
4.00

0.75
1.00
1.75
2. 2:.

2.75
3.00

7.25
8.50
9.50

1.00
2.00
1M

0.00
0.75

1.00
1.25

1.75
17.00
17.78
I 1 7.-.

19.75

14.50
17.50
19.00
2.1. 7.-.

1.00
2.00
3.00
4.00
5.00

1.00
100
3.00
4.00

0.75
1.00
2.00

0.75
1.25
&M
2.00

14.00

22.00
23.50

LOO
2.00
3.00
4.00

0.28
0.76
1.00
2.00

0.78
1.25
2.00
100

a oo
9.00
10.00
10.75

1.00
100
4.00
8.00

0.28
1.00
2.00
3.00

0.75
1.00
2.00
100

0.25
1.00
1.28

0.75
LOO
1.78

11.75
1180
13.50

1.00
100
3.00

0.00
a 76

LM
LII

S. Mis. 392 16
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TABLE XIV. Actual measurements, showing relation between strain, stretch, and elasticity Continued.

Catalogue No. of samples .
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TABLE XIV. Actual measurements, showing relation between strain, stretch, and ehwticity Continued.

Catalogue No. ofumplM.
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TABLE XIV. Actual measurements, showing relation between strain, stretch, and elasticity Continued.

Catalogue No. of samples .
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TAHLE XIV. Ai-tunl measurements, ihoicing relation licttceen tttniin, xtn-ti-h, <tn<l elasticity Continued.

OkUlogoe No. of umplM .
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TABLE XIV. Actual measurements, showing relation between strain, stretch, and elasticity Continued.

Catalogue No. of samples..
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TABLE XIV. Actual measurements, shoicing relation beticeen strain, stretch, mid elasticity Goutiuued.

Catalogue No. of samplea.
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TABLE XIV. Actual measurements, shoicing relation between strain, stretch, and elasticity Continued.

Catalogue No. of samples.
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TABLE XIV. Actual mtagvrementg, shoiriHii nlntion between strain, stretch, <m<l rlnxlicity Continued.

Catalogue No. of uunpta* . .

Artnal mMuuremrnU In

grama and millimeter*,

OXFOKUUOWN.

151.

MA
2: ::.

32.75
. ......

38. 00
42. 50

;v. r,

27.60
.-. 1,0

24.75
27.00

.

:il M
:i:i. 2.1

M. 75

1.00
IN
:i :-,

5.00
n ,,i

7 .'!

1.00
2.00
4.00
4.50

I. 00
2.00
4.00
5.00
8.00
7.00

0.25
I <;}

1.75
2.75
:i .21

0.55
0.75
1.75

0.25
1.00
1 .Hi

2.75
.'. .10

4.00

... 71

1.00
1.50

2.75

", 7.',

1.25
:. 21

0.75
1.00
:i .0

LH
3.00

151.

l.'-.IM

18.25
17.75
I'.l. 00

24. uo

23.00
jn.oo
27.75
:: ' '.-,

33.00
34.75

21.00
2.' i->

: i .-.

MiM
31 '.)

i.oo
2.00
4.00
.M

7.25
8.00

1.00
3.00
5.00
11 2.1

7.00
7.75

1.00
3.00
5.00
8.00
7.00
8.00

0.25
0.75
_ in)

3.00
4 .'.-.

0.00
1.00
j. :.)

LH
4 tJ

0.00
1.00
J .-H)

111
4.00

l> 7.-.

LIB
IM
3. .HI

3.00

UM
LOO
2. M
2.75

1.00
2 l.o

J. .-..I

2.75
3.00

151.

'I'm.

18.00
19.00
20 I.I

U.M
23.75
M '"i

10.00
11.00
12.00
ULM

1100
14.00
14.75
15.50
18.00
17.50

1.00
3.00
5.00
0.00
7.00
8.00

1.00
2.75
5.25
8.00

1.00
3.00
5.00
8.00
7.00
a oo

0.00
1.00
2.00
3.00
4.00

0.00
1.00
_. .'.-I

0.25
1.00
2 .:.

3.00
J. fn)

1.00
ii. 1.0

3.00
3.00

1.00
1.75
2.75

2 CO
2. 7:.

LM
3.50

151.

I-..-.

19.25
2.', ::,

22. 10

24.00

9.75
11.0*
11.50
12. '-'.'.

13.25

2 : 2.1

27.00
27 'M

30.75
U :.o

38.75

1.00
2.00
4.00
5.00
8.00
7.00

1.00
3.00
5.00
8.00
7.00

1.00
2.00
4.00
8.00
11.00
7.75

.1,1

1.50
2. 2.1

1 ,.

.). 21
J oo

2. 2.1

3.00
3.75

o 2.1

a 75
". (.1)

3.00
4.00

1.00
1.60
2. W
2. 7.'.

0.75
1.00
2. 7.-,

3.00
3 .:,

0.75
1.25

3.00
3.00

151.

H 7.',

:.. . .1

:i i 7:.

3.;. .:,

O,H
48.25

14.25
18.25
17.00
!&
19.25

20.75
ILM
23.00
27.75
31.25
31.50
::4 r...

1.00
2.00
8.75
5.00
r. .<>

7.00
8.00

1.00
2.00
4.00
8.00
8.25

1.00
3.00
4.00
5.50
7.00
8.00
.00

8.25

i

0.75
1.50

111
:i MI
:i

-

0.25
.. -,:.

1.75
:; N

0.00
1.00
1.75
175
4.00
4.75
5.25

1.00
1.25
: ::,

-'. 75
3.00
3.25

0.75
1.25
2.25
3.00

1.00
2.00

1'5

2.75
3.00
3.25
8.7S

OXFORDDOWN.

Caulague No. of sample* . 152. l.vj.

i

152. 152. 152.

Aetaal mcaiarrmanta In

grama and roUllmotera.

.

ILK
!. 25

25. 25
27. '-)

33.75

mm.
1.00
2.00
4.00
8.00
7.00
8.00
a 75

0.00
0.75
1.75
8.00
4.00
4.75

mm.
1.00
1.25
2. :-,

.1.0.)

3.00
,t .:,

::4. 7:.

41.75
42. I'D

1.00
3.00
5.00
6.00
7.00
7.25

mm.
0.00
1.00

:i. 10

4.00

mm.
1.00
2.00
2.75
3.00
3.00

H.H
26.50
27.25
29.00
31.75
34.75

0.00
0.75
1.00

3.00

1.00
1.25
2.00
2.75
3.00

19.00
2 i 2.1

2.75

mm.
1.00
2.00
4.00
8.00
7.00

MM.
0. 2.-.

0.75
1.75
3.00

0.75
1.25
2 2-.

:i IM

UM
21.7.-.

2?. 50
25. CO
J- Ml

1.00
2.00
4.00
a oo
7.00

0.00
0.75
1.75
3.00

1.00
I .:.

2. 21
:i .HI

N :i

34.00
.:ii .'..I

40.00
45.75

1.80
2.75
6.00
8.00
7.00

('. 2:.

1.00

:i. ii

4.00

0.75
1.75
2.75
3.00
3.00

:.-_ .-HI

34.00
:t no
^H 'HI

41.76
4-. M
54.00
rc. .'."

i.oo
2.00
3.75
6.00
8.00
7.00
8.00
9.00

0.00
0.75
1.25

:i (.1

4.00
4.7.1

1.00
1.25
2.50
2. 7.1

8.00
3.00
n. 2.1

:> .'HI

:e. 2.1

:u.oo

M 2.1

38.50
44.00

1.00 0.00
J. 00 , 0. 75
4. 00 1. 75
5.00
8.00
7.00

2.50
3.00

1.00
1.25

2. .'HJ

3.00

18.00
18.00
19.00
20.78
24.25
24.75

1C. 25
19.75
21.25
23.00
27. 2.1

29.00

1.00
2.00
4.75
8.00
7.00
7.25

1.00
2.00
4.50
8.00
7.50
h. 2.1

0.25
0.75
2.00
3.00
4.00

0.75
1.25
2.75
3.00
8.00

18.2.1

17.50
18.50
21.25
23.00

1.00
2.00
4.00
8.00
8.75

I.M
0.75
1.75
3.00

0.75
1.25

3.00

-.0 7.-.

31.25
.n.' .'HI

35.00
40.00
44.00
47.25
52.75

17.75
21.00
22.00

27 2.1

1.00
2.00
3.00
4.00

.; 2.1

7.00
8.00
8.75

1.00
2. 7.1

5.00
8.00
7.00

0.00
0.75
1.00
17'.
2 7.1

:: '-.

4.00
4.75

1.00
1.2S
2.00
t. 2.1

2. fH)

2.75
:i. no
3.19

0.25
LM
2. 2.1

:i ...

0.75
1.25
2.76
3.00
8.00

0.00
0.75
2.00
3.00
4.25

1.00
1.2.1

2.50
3.00
5. 25

:i2. 2.1

:;.'.. 21

M.M
:.. 71

43.00
48.50
51.00
52.00

1.00
2.00
4.00
5.00
8.00
7.00
a oo
aoo

o. M
0.75
2.00
2.75
3.25
4.00
4.75

0.75
1.25
2.00

2. 7.1

3.00
3.25

27.75
.11.5.1

34. INI

?.n. 2.1

.

43.75

1.00
2.00
4.00
5.00
8.00
7.00
7.7

0.25
1.00
2. (H)

175
3.25
4.00

0.75
1.00
2.00
2.25
2.75
3.00
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TABLE XIV. Actual measurements, showing relation between strain, stretch, and elasticity Continued.

Catalogue No. of samples.
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TABLE XIV. Actual mcaturcmcnls, showing relation between ttrain, ttretch, and elasticity Continued.

Catalogue No. of simplos. .
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TABLE XIV. Actual measurements, showing relation beticeen strain, stretch, and elasticity Continued.

Catalogue No. of samples.
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TABLE XIV. Actual measurements, showing relation betireen strain, stretch, and elasticity Continued.

Catalogue Xo. of aamplrs.

OZJORDDOWTf.

153. 153. 153.

I

I

I

153. 153.

Actual measnmnenta ID

(runs and millimeter*.

fft
14,M
15.08

i.oo
2.00
4.00
8.00

i.oo

: l.i

0.75
1.00

L I-

n
21

2?. 25
28.76

u

1.00
3.00
4 ,,

5.00
COO

mm.

I M
2.75

: Mt
0.75
1.75
: i i

!>.75

23.75
M.I i

.>. ,<

M, ::,

:;] M

mm.
1.00
2. CO
4.00
5.00
8.00
7.00

o. 25
1.00
: ".'

i ..-,

0.75
1.00
LM
_ ."-i

2.75

II

lo H
Hi 71
a ' i

H.MKM

1.00
3.00
4.00
5.00
8.00

0.00
1.00
I i .1

in

MM,
1.00
_ (-1

2 M
M.M
i". i .i

H

mm.
1.00
2.00
3.00
4.00

mm.
0.50
1.00
1.25

I- -^ 1.00
3.00 1.25

0.75
1.75

21.50

M :.-.

M.M

1.00
2.00
4.00
5.00

0.25
0.75
2.00

-i -,

I

.'. >

21.50
22.50
I : .-.'.

M.M
J7. :.',

M "i

1.00
- ""

:i i i

4.00
8.00
8. 26

.' .'-.

LM
1.25
LM
LM

O.T5
1.00
1.75
j . .1

3.00

10.75
11.25
rj. HI

1 1. :T,

18.00

1.00
2.00
4.00
8.00
7.00

ii 7.-,

1.75
3.00

0.75
LM
2.25
:i. H

i- ::.

n n
21.25
23.50
2 .. -2:,

1.00
2.00
4.00
5.00
8.00

o ;;

ft ;.-,

1.75
J. 7i

0.75
LM
I .'.>

11.75
j . -i

ML .'-)

1.00
2.00
4.00
5.25
5.75

c M
i -

1.75
- 73

0.75
1.24
; is
2 .V,

18.50
10.50
......

M.M

1.00
2.00
n M
4.00

LM
1.00
1.50

0.75
1.00
1.50

17.50
10.00
I". 7."

20.50
22.25

-

27.75

1.00
2.00
4.00
5.00
8.00
7.00
8.00

i' :.-.

i.oo
2.00
2.75
:i. _:.

4.00

0.75
1.00
2.00
2.18
2.75
3.00

-i. :. i

P.M
j- i.i

;;.i., ,i

14.H
35.75

M.75
n.50

.

25.00

1.00
2.00
1M
6.00
0.00
7.00
7.75

1.00
2.00
LM
5.00

0.25
1.00

_ r.

LM
4.00

0.75
1.00
2.00
j. ::,

2.75
3.00

0.25
0.75
1.00

0.7S
1.25
2.00

ODOKDDOWN.

CaUlogne No. of Bunplca. 154. 154. 154. 154. 1M.

Aetna! meMnrementa In

trams and millimeters.

6%
88.50
88.25
4'i.:-i

44.75
50.00

mm.
1.00
2.00
4.00
5.00
8.00
7.00

0.00
0.75
1.75
2.75
LM

1.00
1.29
L'. 'jr.

j. M
2.75

S9. M
a-.', i o

83.50
M.M
:i7. -j.-,

41.25

39.00
42.25
4.1. :..i

45.00

1.00
2.00
4.00
5.00
8.00
6.75

1.00
2.00
3.00
4.00

0.25
1.00
2.00
LM
L :-i

0.75
1.00
2.00
2.00

amt.
:::,. ;..i

41.00
42.50
44.00
<7. :'.

M.M
80.00

84.75
H.M
<" IS

M.M

1.00
2.00
4.00
5.00
6.00
7.00
a oo

1.00
2.00
4.00
8.00

n M
1.00
J. i

2.75
3.00
4.00

0.75
1.00
2.00
2.25
3.00
3.00

37.00
38.75
40.75

1.00
2.00
4.00
5.00

LM
0. 7.-,

2.00
J. 75

0.75
1.25
LM

a&oo
33.25
35.50
87.25
40.75
48.00

1.00
2.00
4.00
5.00
8.00
7.00

0.25
1.00
2.00
3. I H)

3.50

0.75
1.00
2.00
ZOO

23.50
27.00
27.75
30.00

BLM

i.oo
2.00
3.00
5.00
6.00

LM
1.00
1.25
J. M
3.25

mm.
0.75
1.00
1.75
2.50
2.73

I-. r,

i.oo
2.00

n. 7.-.

1.00
2.00

0.75
1.25

0.75
1.25
1.75

W M
M.M

r.7. w
40.75
47.50
53.50

1.00
2.00
3.00
5.00
8.00
7.00
aoo
s. :.>

M. 7'.

1. --.

J. 7.-,

:i. -:.

4.00
5.00

0.75
1. -.-.

1.75
J- -J-,

2. 7.-,

3.00
3.00

33.25
38.50
38.75
44.00
49.50
56. IS

20.00
M 7'.

-.7. ::,

| CM
>.'. I

36.50

1.00
2.00
4.00
6.00
7.00
aoo

1.00
2.00
3.00
6.00
7.00
8.00

n i.-,

1.00
2.00
3.00
4.00
5.00

0.50
1.00
1.75
3.00
4.00
5.00

0.75
LOO
2.00
8.00
3.00
3.00

0.50
1.00
1.25
3.00
3.00
3.00

M.7I
40.75
41.75
44.75
47.50
54.50

28.25
40.75
4:' :?.

43.75
4.; ::.

53.75

1.00
2.00
3.00
5.00
6.00
7.00

1.00
2.00
4.00
5.00
8.00
7.00

0.25
0.75
1.25
2.75
LM
4.00

0.25
1.00
ZOO
J 7.-.

I .:.

4.00

0.75
1.25
1.75
Z25
2. 7.-,

3.00

0.75
1.00
2.00
2. ::.

2.75
3.00

41.50
44.75
4.-.7.-1

1.00
3.00
5.00
6.00
7.00

0.25
1.25
L7I
:i. -.1

0.75
1.75
LM
2.50

H "
M. 00
41.00
45.00
51.25
56.75

1.00
2.00
4.00
6.00
7.00
8.00

0.25
0.75
1.75
LM
4.00
5.00

8.75
1.25
2.25
3.00
:i. HJ
3. CO
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TABLE XIV. Actual measurements, shmcing relation between strain, stretch, and elasticity Continued.

Catalogue No. of samples . .
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TABLE XIV. Actual measurements, showing relation bettceen gtrain, >//-. ,'< h, and elasticity Continacd.

o. of samples.

OXFOKDDOWK.

107. 137. 157. 157. 157.

Artnal mrararomrDta In

and mUlimetan.
'

.,.

i- I

MM
:

M

KM

;

I

j i

4 <

'

i

< ...

: H

1.00
1.50

1.00
l.M
ftM
_ i"

J

EM
_-_> -!

KM
24.75
28.50

0.75
LM
ftM
... n
i n

,
,

i H
1.75

I

H :-,

18.75
: t. :

I&H
.'i '.i

Ji . .

LOO
I.: '

1. 00
". T-,

LM

0.75
LOO
1.50
: . i

ft . .

-. : I

IK. 75
10.50
20.00

a zs
LOO
I.M
2.00

1.00
1.75
100

.

.
' >

M H

l.M

:: . i

4 . ,

4..',

0.25
0.75
1.25

o. ::,

1.23
L75
I H

21.00

Jl

H
..- M

1.00
- 1 .1

:i M
-. , ,

(1.00

7.<W
7.00

0.25
1 tt
LM
ftM
:i

4.00

0. 1.'.

1.00
1.75

17.

. . , 5

13.00

1 "1

j M
:: . i

4. i ,

LOU
LM

LOO
1 IB
ftM

1 1 1 '

13.00
14.00
IS.M
17.75
18.00

LOO
3.00
4.00

7 M
7.25

ftM
... n
175
4.00

LOO
1.23
loo
ftM
3.00

U ;-.

}'-. :

.

KM

1.00

4.00

.1
I '.

1.00
a 75
LI >

2.0

KM
IRSO
18.75

i.oo

; . .

'

1.00
1.00
1.00

KM
19.75
21.00

.I M
27.00
2&75

1.00
a. oo
s.oo
5.00
r i .

7.00
7.75

0.00
I

-

LI '

8. 00
4.. >

1.00
1.25
1.00
-'

-
:

ftM
:i ...

SLH
a. so

-

.

14.50
28.75
30.00
:::;. 7 1

1.00

3.00
4.00
5.00
ftM
7.00
7.75

LOO
LM
2.00
Ln
3.2?
4.00

n r,

LM
! :-,

1.00
1.25
175
3.00

n i

13.75KM
I

'

:- :

U.M
88.00

10.25
21.75
12.50
2150KMKM
29.2.',

30.00

20.50
21.75
12.50
23.25

l.M
2.00
I

. i

4.00
5.00
8.00
7.00
7.75

LOO
2.00
3.00
4.00
5.00
0.00
7.00
7.25

1.00
2.00
3.00
4.00
0.00
7.00

0.25
1.00
1.25
- M
n

i H

0.7S
1.09
1.75
2.00
I M
2.75

1 tt
i.: .

100

3.75
4.00

0.75
1.00
1.75
I ">

ftM
2.25
8.00

0.25
1.00
1.25

3.25

0.75
i.oo
1.75
2.00
-'.75

OXFORDDOWN.

Catalogue Xo. of simples.. 158. 156. 156. 104

I

Attul tMaranrat* in

cram md milUmotcn.

27. j:i

K.K
80.25
8*. 75
(7.50

LOO
ftM
:;. o
:, . )

ftM
7.00

LOO
L25
ISO
LM

> M
LM
1.75
J :,)

J. iO

17.50
28.50
ML 79
M.M
::l 7-.

:,... M

i M
ftM
3.00
4.25
5.00
i-. M
7.00

fTso

;?. ^KMKMKM

1.00
?. '-I

3.00
4.00

ftM
i., i

1.25

K.25
24.75KM
jr M

1.00
2.00
3.00
5.00

ass
ftn
1.25
2.75

ftM
1.00
1.75

KMKM
13.50

KM
1*19

a 75
1.25
1.75
2. --,

32.75

M.50KM
29.00
'.'.. 7.-,

Kn
IT. IKM

1.00
ftM
3.00
4.00
6.00
8.00
7.00
7.50

LOO
2.00
a oo
4.00
6.00
6.00
7.00

0.25
LOO
1.60
ftl i

:: M
ftn
4.25

0.75
1.00
LM
100
100
116
.'. 7.-,

ftM
LOO
1.50
100
3.00
I M

ftM
LOO
1.50
100
100
L- H

.

Jl
'

-

noo
60

25.50
H :.'

8L75

25.50
17.50KM
30.75
MKM

4J. H
44.25

00
18.50
18.00
80.60
8178
:'-. 7:.

1.00
100
8.0
4.00
6.00
8.00
7.00
7.60

LOO
r M
4.00
5.00
r. , ,i

7.00
8.00
8.75

LOO
100
8.00
6.00
0.00
7.00

U. L'.

LOO
L25
100
ftM
3.50
4. -,

o. -.:,

1.00
i. ::.

100
100
160
175

a. so
18.25
24.50
19.75
28.25

7S

6.00
a oo
0.25

100
LI ,

II. 7.-,

LOO
1.7.-,

100
100
150

gmt.
-".r.

IL7BKM
Kl
-7. 1 1

mm.
1.00
2.00
3.00
4.00
S.OO
0.00

mm.
0.25
0.75
1.25
I >

2.75
8.50

mm.
0.75
1.23
1.75
100
2.25
2.60

tt 25
LOO
100
3.00
3.50
4.29
6.00

a 73
12'.

100
100
: M
:. 7',

8.00

KM
20.50KM

LOO
100
LM

i H
LOO

a 75
LOO

22. 7.1

27.25
KMKM
81.25
KM

1.00
2.00
3.00
4.00
5.00
0.00
8.75

1.00
LM
100
3.00
3.25

0.75
1.00
1 75
loo
2.00
2.7S

a 75
1.25
2.75
3.25
4.00

0.75
1 M
1.75
115
175
8.00

K75
J H
H.75

1.00
2.00
100

a 25
LOO
L25

0.75
1.00
1.75

M n
17.25
:-. . i

1.00
2.00
3.00

0.00

1.00

1.00
1.75
2.00
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TABLE XIV. Actual measurements, showing relation between strain, stretch, and elasticity Continued.

Catalogue No. of samples..
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TABLK XIV. Actual mea*uremfnt, shoiring relation between xtrain, stretch, <unl rlaxticity Continued.

Catalogue Mo. of wmpli'o .
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TABLE XIV Actual measurements, shoicing relation between strain, stretch, and elasticity Continued.

Catalogue No. of samples.
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TABLE XIV. Actual measurement.*, shoirhig relation bttireen strain, stretch, and elasticity Continued.

Catalogue Xo. of eamplca .
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TABLE XIV. Actual measurements, showing relation between strain, stretch, and elasticity Continued.

Catalogue No. of samples..
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TABLE XIV. A<-tual measurement*, ghoirim/ n-lntion bdircen strain, ttretch, and claxticity Continued.
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TABLE XTV. Actual measurements, showing relation between strain, stretch, and elasticity Continued.

Catalogue Xo. of samples.
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TABLE XIV. Artval measurements, showing relation beticecn strain, stretch, and elasticity Continued.

Catalogue No. of samples..

MI:UIKO.

I

M. 03. W.

odmiWmeUn.

-

.

'

2.50
I

1

:
< '

4.00

1 . .

.

I i

LI

... ,

I n
::

3.75
4.00

I

1.00
2.00
:

4.00
1,1

|
. ,

1.00

1.1
>

1
'

1.00

LI

I

.

i n
i

a. 50
3.76
1. 13

1.00
2.00
3.00
4.00
5.00
,- .

,

a 75

mm.
0.00
0.75
LM
:. 1 1

.

mm.
1.00
! IB
1.75
2.00
LM

- n
:

'.-.

4.00

1.00
:

8.00
4 i

I

1.00
1.60

2.75

1.00
1.00
1.50
100

J.OO
2.80
2.75
I !

.
<

LM
: ' '

3.00
4.00
6.00

| ,
.

1.00
1.25

1.00
1.00

2.00

'.' 71

3.25
3.75

1.00
Lt i

:: | '

4 |
>

,..., ,

0.75
i M
! m
1.75

8.75
4.00
4.26
4.60
6.00
I
6.75

3.75
4.26
4.50
4.75
6.25

1.00
1

8.00
4.00
6.00
. .

7 m
7.75

1.00
: '

3.00
4.00
6.00

mm.
0.25
0.75
1.26
2.00

4.25

0.75
i M
1.75
ZOO
-.

I I .

- ,

.

i.oo
i M
I t

0.75
1.00
1.75
-' I

'

8.75

1.00
I i

8.00
4.00
'

-

6.26

7

1.26
2.00
2.75

1.00
I .

1.75
I

J.26
: -:

--

8.50
4.00

1.00
2.00
3.00
4.00
4.60

LM
1.00
I .

0.75
1.00
1.75
J

1 7".

2.75

1.00
2.00
3.00

I c .

,',7:.

1.25 1.75

"

8.76
4.00
4.2S
4.60
4.60
5.25
6.75

1.00
2.00

:
. |

4.00
6.00
0.00
7.00

0.00
0.75
1.00
2.00

3.25

1.00
1 .:.

LM
- M
2.75

gmi.
3.60
4.60
4.75
6.25

5.70
0.00
7.00

4.50
6.26
6.50
5.75
0.00
0.60
0.50

2.75
3.00
3.25
3.25
3.60
8.75
4.25

H
1.00
2.00
8.00
4.00
5.00
fl.OJ

7.00
8.00

LOO
2.00
3.00
4.00
8.00
0.00
0.25

1.00
2.00
3.00
4.00
6.00
6.00
7.00

0.25
1.00
1.50
I i

2.75
3.50
4.25

0.75
LOO
1.60
2.00
I i:5

2.50
2.76

0.25
1.00
1.25
I

2.75

0.76
LOO
1.76
J -0
- ii
2.60

0.00
1.00
1.25
2.00
2.75
L <

LOO
1.00
1.75
2.00
2.25
2.60

MERINO.

Catalogue No. of samples. 102.

Actual meMmnunt* in
I and millimeters.

L< >

ft 7-

4.' i

4 ::.

4. . :.

in
5.25

2.00
:; M
:i. .-".

3. 7:.

LH
8.75
4.23
4.50

1.00
2.00
3.00
4.00
6,00
6.00
C.76

LOO
2.00
3.00

id

1.00
2.00
8.00
4.00
5.00

1 ' '

1.25

2.75
LI '

0.25
1.00
1.25
LM

0.00
0.25
LOO
_. oo

L*

1.00
1.00
Lit
LM
LM

0.75
1.00
1.75
2.00

1.00
1.75
2.00
LM
L78

102.

7

'I.7-,

2.50
3.00
LM

3.50
4.50
4.75
5.00

3,75
4.26
4. SO
6.00

1.00
2.00
3.00
4.00

1.00
2.00
LM
...

1.00
2.00
3.00
4.00
4 .-,

0.23
LOO
1.50
2.00

0.25
LOO
L50

L-.

0.75
LM
2.00

0.75
1.00
1.60
j. M

0.75
LOO
1.50

0.75
L25
L50
LM

102.

gmi.
4.00
4.60
4.76
5.26
5.50
0.00
d.50

3.75
4.60
4.75
5.25
5.75
0.50

3.25
3.50
3.75
4.00
4.25
4.75

i. M
0.75
1.26
2.00
;;. ' .1

a. 75

0.25
0.75
1.25
2.00
1.'. ",

0.00
0.75
1.25
2.00
2.75

1.00
L25
1.75
LM
LI
. H

0.75
1.25
1.75
2.00

1.00
LM
1.75
ZOO
: M

102.

fjmt.

3.50
4.26
4.2B
4.76
5.25

3.50
4.25
4.50
4.75
6.25
C.OO

2.26
3.35
I BO
3.75
4.00

mm.
1.00
2.00
8.00
4.00
6.00

1.00
2.00
:: M
4.00
6.00
6.75

1.00
2.00
8.00
4.00
6.00

mm.
0.25
1.00
1.50
2.00
3.00

0.25
1.00
1.50
2.00
3.00

1.00
1.75
225
LM

mm.
0.75
1.00
1.60
2.00
2.00

0.75
1.00
1.50
2.00
LM

0.75
LOO
1.25
1.75
2.00

103.

fmt.
2.00
ISO
2.78
3.00

I n
4.25
4.75
5.60

2.75
8.00
3.25
3.50
4.00

1.00
2.00
8.00
4.00

1.00
2.00
3.00
4.00

1.00
2.00
3.00
4.00
4.75

0.24
0.75
1.25
2.00

0.28
1.00
1.50

0.00
0.75
1.23
. m

mm.
a 75
LM
1.75
2.00

0.75
1.00
1.60
L75

1.00
1.25
1.75
2.00
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TABLE XIV. Actual measurements, showing relation beticten strain, stretch, and elasticity Continued.

nplrn.

Actual mruurmnt In

(rues mil millimeter*.

BOSTON GKADKS.

HK

mu

Z75
j n
i M
3.50
3.50
3 75
4 H

4.75
8. 24
B.50
5.75

-, <>..

.M
7 _">

H. :'.

8.50

3.75
4.50
5.50
8.75
6.25

1.00
1.00

4.00
8.00
0.00
7.00
8.00

1.00
2.00
3.00
4.00
:. 10

6.00
7.00
N ..,

8.71

1.00
2.00
3.00
4.00
5.00

i-::,

I R|
1.25
2.00
2.78
LH
4.00
4.73

D.871
.. 12.-.

1.78

2.00

:i.
.; :.

0.125
0.75
1.28
ZOO
ZSO

4.00
4.75

1.28
1.75
2.00
2 H

Ml
LM

0.28
0.875
1.25
ZOO
Z75 2.25

1 1.-.

1.78

: -j.

1.78
2.00
2.00
2.25
J -.

2 7.',

4.00
4.25
4.50
4.75
8.00

4.50

3.00
3.50
8.75
4.25
4.50
4.78

1.00
2.00
:i ..

4.00
8.00
6.00
7.00

1.00
2.00
3.00
4.00
8.00

iti

1.00
LM
3.00
4.00
5.00
6.00

mm.
0. MfS
0.75
1.25
j H
Z75
8.25
4.00

0.125
0.75
1.125
1.875
2. :i7.s

(.125

o. .-.

1.00
1.60
J. 12.'

2. 1-7.-

3.50

i < f--.

LM
1.75

2.CO

2.25
2.75
3.00

MR
1.25

1.875
2.K'.

1

*

j M
MTt

0.75
1.00
1.80
1.875
2. rj.'>

Ml

I -j.

.

4 N
4.76
4.78
8.00
:. :-.

5.75
6.25
7.00
7.60

2.50
2.75
3.00
3.25
:i _.-,

8.75
4.00
4.28

4.78
.'.. 2.-.

8.50
5.75

1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
8.00

1.00
2.00
3.00
4.00
5.00
COO
7.00
7.78

1.00
2.00
8.00
3.25

. 12'.

0.75
I ]:.'.

1.78
LM
:< r.-,

4.00
4.78

t, r..'

0.78
1.128
1. (-::.

2. r.i

:. }:
4.00

o 12:

0.78
1.25

MM
n -7-.

12'.

L7JUH
ZSO
Lin
3.00
3.25

0.875
1.25

1.875
J I.'.'.

J Ml

2>75
Ml

1.28
1.75

K
7 IT.

7.50
8.00
8.60
0.00
I" :-.

n.,'-I

178
3.28
n .'-i

8.78
4- -:.

4 2.-.

1.28
1.50
1.75

1.00
2.00
8.00
4.00
IN
6.00
7.00
7.75

1.00
2.00
LM
4.00
5.00
:.. 25

1.00
2.00
3.00

,, at
.. r,
i _:.

2.00
J 7',

:i

4 "i

ii. 12-

0.75
1.25
_ ,.,,

2 ;

0.25
1.00

im

1.28

1.76
2.00

2.75
3.00

M71
i H
1.75
2.00
-

.'..

0.75
1.00

1.875

:; -,

8.75

7.60
8.25
8.75
H. 2.

r
,

in 2.',

11.00
11.78
n ::.

2.00
2.25
2.50
3 ::,

1.00
zoo
3.00

1.00
2.00
8.00
4.00
5.00
6.00
7.00
7.50

1.00
2.00
3.00
3.75

" m
0.875

0.125
a 76
1.125
1.X7-
iv :i7r.

3.00
J.76

i m
i r.i

0.875
1.25
1.875LM
t .:,

:i. i-j

Uli

0.128 0.875
0.78 1.26
1. 125 1. 879

PHILADELPHIA GRADES.

Ci*lo(tn No. of umple*. 290.

Actual mca*nrmnta in

fnmt and millimeter*.

.7'"'
2.:- 1

2.76
:i. -.'.'.

3.60
3.75
4.75

1.00
2.00
3.00
4.00
5.00
6.75

0.25
1.00
1.25
1.78
in

0.875

1.00
1.75
2.25
2.78

3.25
8.75
4.00
4.25
4.28
4.78

1.00
2.00
3.00
4.00
6.00
5.m

0.125
0.75
1.00 2.00

1.60 I 2.50
ZOO 3.00

4.75
6.60
6.75
6.25
7.60
7.00
7.75
8.78

2.78
8.50
3.76
4.25
4.50
6.25
6.50
7. ::.

1.00
zoo
3.00
4.00
5.00
6.00
7.00
a oo

i.oo
zoo
:, .,.

4.00
5.00
6.00
7.00
8.00

0.50
||. .-7:

1.125
1.78
LM
Z75
:t M
4.00

0.25
0.75
1.00
1.50
ZOO
2. :.'.

LM

0.50
1.125
1 -7.'.

2.25
3.00
3.25
3.75
4.00

0.75
1.15

2.00
2.60
3.00

8.76
4.00

LH
LM
J. 7.',

3.00
3.25
3.75

1.00
2.00
3.00
4.00
6.00
5.75

". 12".

a 75
1.00
1.50
L u.i

3.50
4.00
4.25
4.60
4.75
8.28
6.00
6.75

1.00
ZOO
3.00
4.00
5.00
6.00
7.00
8.00

0.125
0.76
1.00
1.375
ZOO
Z25
3.00

M..-7-.

1.25

ZOO
2.50

3.00

ami.
3.80
4.00
4.26
4.28
4.50
5.00
6.75
6.60
7.25

Z28
Z75
Z75
3.00
3.50
8.75
4.00

mm.
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
(.00

1.00
zoo
8.00
4.00
5.00
6.00
6.25

.

a 75
i.oo
1.75
ZOO
Z78
LM
4.00
4.75

0.25
0.75
1.00
1.60
Z25
Z75

mm.
0.75
1.25

2.00
2 V.
3.00
3.25
3.75
4.00
4.28

0.75
1.26

2.00
2.50

Z75
3.25

s7-

1.25

2.00
2 HI
3.00
3.75
4.00

Z75
3.25
3.50
8.75

1.00
2.00
3.00
3.50

0.125
0.75
1.00

ii I.7-.

1.25

ZOO

gm*.
3.00
3.50
3.75
4.00
4.28
4.60
6.25
4.80
6.25

3.00
3.60
8.75
4.00
4.26
4.50
5.25
5.50

1.60
ZOO
Z28
Z50
ZSO
Z75

1.00
ZOO
3.00
4.00
6.0*
6.00
7.00
8.00
a 75

i.oo
zoo
8.00
4.00
6.00
6.00
7.00
7.25

1.00
ZOO
3.00
4.00
5.00
6.00

0.25
0.78
1.126
1.50
2 :-

Z875
LH
4.00

mm.
0.75
1.25
1.876
2.50

Z75
3.125
3.75
4.00

gnu.
3.50
4.00
4.50
4.75
6.00

6.75

1.00
ZOO
3.00
4.00
5.00
6.00
7.00

0.25
0.78
1.00
1.76

Z876
3.

0.75
1.26
ZOO
Z25
Z75
3.12S
8.71

0.25
a 78
1.00
1 .'.I

0.78
1.28

2.00
ZSO

ZOO 13.00
Z875 3.125
8.26 3.75

0.125
0.875 1.125
1.25
1.78
2 -:.

u-7.-.

1.75
2.25
Z76

2.50
3.25
8.75
4.00
4.25
4.50
5.25
5.75

Z26
ZSO
Z75
3.00

LH
3.50
4.00

1.00
ZOO
8.00
4.00
5.00
6.00
7.00
7.60

1.00
ZOO
3.00
4.00
6.00
6.00
7.00

0.78
1.00
1.75
2.25
LIN
3.25

0.7J
i.n
zoo
Z2S
Z76

: -..-.

3.75

ii IH
L. 7:.

1 IL-0

1.75
Z18
1876
3 M

L -75
1 -:.

2. >75
2 ".:

2 75
3. 125

8.60
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TABLE XIV. Actual measurements, ghotcing relation between strain, ttretch, and elasticity Continued.

Ofttftloguo Xo. of samples. .

PHILADELPHIA GRADES.

309. 801.

I

Aetna! nicamnrromU ID

grams and millimeter*.

<

r.M
7.M
-

-
-

Mi

I
. i

I 1 .1

.: ...

4 -)
.voo

a 78
i.i::,

1.75
2.126
175

.--.

LM
1.875

i -:

gnu.
3.75
5.75
7.M
7.50

.. M

1.00
2.00
: I
4.00
6.00
6.75

1.375
ZOO
3.80

i *-.:. <.i.

.

1.00
l.M

<
'

7.25
7.60

I H
0.00

1 I

n.;.-.

i

LM
| . .

4.00

, M
7.00

0.75
L125
L75
J I -.

175

4.00

. :n

LI7S

: :-.

: M
I M

I

3.75
4.00
5.25

1.00
2.00
3.00

' m 0.75

L873

ffm*.
.'

--

.'..'-i

5.75
6.76
1 1 1

a 75
7.50
8.25

5.00
6.00
0.23
e.60
in
7.50
B.K
.50

1.00
i m
LM
4.00
ft )

0.00
7.00
7.19

1.00

3.00
4.00
IN
8.00
7.00
8.00

LM

1. ]:-,

1.755
_. u
178
LI .

a 60
L
tin

2.87:
:

I
.

L ,
.

0.75
1.00
L50

--,:,

i ?-,

1.25
ZOO

3.00
: H

fau.
.-.

- m
7.25
7.75

a 75
0.75
10.75

4.50
6.50
6.75
6.75
0.75

! M.
1.00
1.00
3.00
4.00
6.00
0.00
7.00
7.25

1.00
j i >

3.00
4.00
4.50

a 75
l.uo
L76

2.75
3.25

a 75

2.00

3.25
3.75

gmt.

6.25
6.50
7. CO
7.25
7.75
7.75

mm.
1.00
2.00
3.00
4.00
5.00
6.00
0.25

mm.
0.25
0.75
!. 1

1.75
;

2.75

mm.
0.75
1.26
1 -.'5

5

0.50im
1.75

0.50
I !.'.

1.875

ass
7.00
7.00
7.SS
7.60
8.25
9.50
10.75
12.25
13.00

1.00
2.00

4.00
5.00
8.00
7.00
8.00
0.00

0.25
0.60
1.00

I .1

I H
3.00
3.75
4.50

0.7S
1.60
2.00
2.75
3.00
3.75
4.00
4.25
4.50

(

8.00
a so
a 75
9.25
0.73
11.00

1.00
-

' '

: ...

4.00
5.00
II
7.00

0.25
0.75
1.126
L75
_ at
2.75

0.7J
1.25
1.875

2.875
3.25

4.75
in
8.50
8.75

1.00
2.00
3.00
3.25

0.00
0.50
LM

1.00
!.:o
...

4.00
6.75
7.00
a 25
9.25

1.00 0.00
2. 00 0. 00
3.00 0.00
4.00 LOO
4.00

1.00
J <

i

LI i

8.75
8.75
7.00
7.25
7.50
7.75
a 75
9.50

1.00
2.00
3.00
4.00
6.00
6.00
7.00
7. _;.

0.25
0.75
L125
1.75

1125
-

.

3.25

0.75
L25
1.875
2.25
j m
3.125
3.75

4.60
8.75
7.25
7.75
B.M
8.75
9.60
10.00

i.oo
2.00
I 1 1

4.00
6.00
6.00
7.00
7.25

0.50
1.00
1.25
2.00
2,50
3.00
3.75

0.80
1.00
1.75
2.00
2.60
3.00
3.25

PHILADELPHIA GRADES.

CaUlogno No. of samples. . 110.

I

810. 810.

I

810. 810.

4.75
8.00
6.25
8.76
7.25
7.75

1.00
2.1-1

1M
4.00
5.00
H. . .1

0.1..-,

0.75
1.113
1.75
?. 1 .'.

3.00

0..-T-.

l.M

J. --.

in
LM

5.00
6.75
6.25
8.75
7.50
7.75
a so

1.00
2.H)
3.00
4.00
6.00
8.00
8.75

0.125
0.87S
1.2S
LM
2.60
3.125

'. -::,

1.125
1.75
ZOO
2.50
2.875

4.25
5.00
S. I".

5.50
5. 7.-,

0..5

1.00
2.00
3.00
4.00

0.125
0.75
1.129
1.7S

\ !-:,

1.25

6.00 LM

.

L 7.',

3.00

5.50
8.75
7.00
7.50
aoo
a 75

LOO
2.00
aoo
4.00
5.00
8.00

0.25 |0.75
1.125
L75

1.875 2.123
: r,u J. 'a

r, s.i

7.50
aoo
a 75
9.25

1.00
2.00
aoo
4.00
4.80

0.55

1.25
ZOO

0.75
1.125
1.75
ZOO

6.50
7.60
7.75
a 75
9.25
9.75
1L75
12.50

LOO
ZOO
3.00
4.00
5.00
6.00
7.00
7.75

am
0.75
1.125
1.75
Z2S
3.00
4.00

a 875
L25
1.875
Z25
Z75
3.00
3.00

gm*.
5.M
5.75
6.25
6.75
7.25
a 25
a 75
9.60

6.25
7.00
7.6*
7. 75
a 25
a. 25
10.75
1L75

3.75
4.75
6.60
6.75
6.23
6.75

1.00
2.10
3.' )

4.00
8.00
COO
7.00
aoo

LOO
zoo
8.00
4.00
5.00
6.00
7.0*
7.50

LOO
ZOO
3.00
4.00
5.00
5.75

a 25
0.875
L25
ZOO
Z75
'..1-5

I MI

4.75

0.26
0.875
1.25
1.875
2. SO

mm.
0.75
1.125
1.75
ZOO
Z25

4.00

3.00
3. 25

0.75
1.125
1.75
Z125
2.50

LOT
3.00

nu
4.50
6.50
8.00
8.50
6.75
7.75

1.00
ZOO
1M
4.00
5.00
8.00

0.25
LI7I
1.15
ZOO
LM
3.25

mm.
0.75
1.125
1.75
ZOO
Z50
Z75

gmt.
4.00
4.50
8.17
6.25
6.60
7.00
7.60

mm,
1.00
ZOO
3.00
4.00
6.00
6.00
6.75

ft -::

1.25
1.875
2.50

1MI
1.125
1.75
2.129
Z50
. .---.

6.25
6.75
7.50

a 75

LOO
ZOO
3.00
4.00
6.00
6.00

0.125
0.75
1.126
1.875
2.80
3.125

0.875
1.25
1.875
LIB
Z50
Ln

7.50
8.60
a 75
a 75
9.75
10.00

1.00
zoo
3.00
4.00
5.00
5.75

0.25
0.75
1.125
1.75
Z25

0.75
1.25
1.879
Z25
Z75

O.M
Lin
1.25
2.00
Z50

0.75
1.125

'5

ZOO
Z50

5.25
0.75
7.25
7.50
8.50

LOO
ZOO
3.00
4.00
4.75

0.125
0.75
1.125
I.-T5

1.25
U87J
J 1L-,

3.75
5.25
6.50
5.76
6.25
n rn

r.M

1.00
2.00
3.00
4.0*
6.00
6.00
6.75

0.25
0.875
1.25
i m
2.25
1M

0.75
1.129
1.75
j. rj9
2.75
3.00
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TABLE XIV. Actual measurements, showing.relation lettceen strain, stretch, and elasticity Continued.

Catalogue No. of samples..
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TABLE XV. Retvlt* of actual testt ofttrain and ttretcJt.

2(39

Catalogue number of sample*. .
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TABLE XV. Results of actual tests of strain and stretcli Continued.
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TABLE XV. Result of actual tests of strain and stretch Continued.

271

CiUl<'gne number of simples..
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TABLE X.V. Results of actual tests of strain and stretch Continued.

Catalogue number of samples.
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TAIJLE XV.Ke>tultsof(utii<il ti-.tls ,if strain and stretch Continued.

273

Catalogue number of sample*. .
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TABLE XV. Results of actual tests of strain and stretch Continued.

Catalogue number of samples.
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TABLE XV. .Rent/to of actual tesin of strain and stretch Continued.

275

CaUlogun number ofiamplee..
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TABLE XV. Results of actual tests of strain and stretch Continued.

Catalogue number of samples..
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TABLE XV. Results of actual tents of strain and stretch Continn. <!.

277

CaUlogno namber of sample*. .
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TABLE XV. Results of actual tests of strain and stretch Continued.

Catalojao number of samples..
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TABLK XV. Rctnltx of actual tcrt* oftttrain and stretch Continued.

279

Catalogue number of samples..
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TABLE XV. Results of actual tests of strain and stretch Continued.

Catalogue number of samples. .
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TABLE XV. liemtlta of actual tests of strain and utretch Continued.

281

Catalogue number of sample*.
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TABLE XV. Results of actual tests of strain and stretch Continued.

Catalogue number of samples.
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TABLE XV. Results of actual tests of strain and stretch Continued.

283

MI'UIKO.

Catalogue number of samples.
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TABLE XV. Results of actual tests of strain and stretch Continued.

Catalogue number of samples .
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TABLE XV. Result* of actual tents of strain and stretch Continued.

L>85

Catalogue number of samples.
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TABLE XV. Results of actual tests of strain and stretch Continued.

MEIIINO.

Catalogue number of samples.
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TABLE XV. Results of actual tests of strain and stretch Continued.

287

Catalogue number of (ample* . .
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TABLE XV. Remits of actual tests of strain and stretch Continued.

Catalogue nnmber of samples. .
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TABLE XV. Ihxultx of actual tests of strain and stretch Continued.

289

Catalogue cumber of (ampin.
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TABLE XV. Results of actual tests of strain and stretch Continued.

Catalogue number of eamples..
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TAIJLI: XV. Result* of actual tests of strain and stretch Continued.

291

Catalogue number of tomplet.
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TABLE XV. Results of actual tests of strain and stretch Coutinued.

Catalogue number of samples..
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TABI.T: XV. Result* of actual tests of strain and stretch Continued.

Catalogue camber of (ample*. .
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TABLE XV. Results of actual tests of strain and stretch Continued.

Catalogue number of samples.
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TABLE XV. Rnvlts of actual tests of strain and stretch Continued.

295

Catalogue number of (ampin. .



296 INTERNATIONAL EXHIBITION OF SHEEP AND WOOL.

TABLE XV. Results of actual tests of strain and stretch Continued.

Catalogn* number of samples. .
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TABLE XV. Retultx of actua'. t<.itn of strain and stretch Continued.

297

Catalogue oambcr of sample* . .
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TABLE XV. Results of actual tests of strain and stretch Continued.

Catalogue number of samples..
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TABLE XV. Ecsvlts of actual test* ofntrain and strrtt-h Continued.
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Catalogue number of umpln. .
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TABLE XV. Results of actual tests of strain and stretch Continued.

Catalogue number of samples.
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TABLE XV. Results of actual tt-sts of strain and stretch Continued.
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TABLE XVI. Individual extremes and averages, allowing influence of breed upon strain and stretch.

Catalogue

Ko.

ll

of

samples.
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TABLE XVI. Individual extremes and averages, shoicing influence of breed upon strain and stretch Continned.

[CiUIogue

Wo.

|1

|
ofumple*.

1
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TABLE XVI. Individual extremes and averages, shoicing influence of breed upon strain and stretch Continued.

CatalogneNo.

I]

of

samples.
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TAIILK XVII. Imlirulnul fj-tn-nx* <nnl nrci-iirfen. ,\h<>irin<i iiijliiour of xc.r and part offleece upon strain and stretch.

6
Y. .

!-
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TABLE XVII. Individual extremes and averages, shotting influence of sex and part offleece, &c. Continued.

Catalogue

No.

II

of

samples.
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TAUI.I: XVII. Ii:'Hi-!'h>((l f.rtrcmrx an<l arcrarjcs, shotting influence of sex and part of fleece, &c. Continued.

CtUlogneXo.

"
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TABLE XVII. Individual extremes and averages, showing influence of sex and part of fleece, &c. Continued.

Catalogue

No.

||

of

samples.
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T Aiti.K X V 1 1 1 . (niui-iil f.i tr, met and averages, shoiring influence ofbreed, ejc, andportion nffleece upon strain and s(n t,-h.

ICatal"

nfaaaiplM.
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TABLE XIX. Individual extremes and averages, allowing influence of breed, sex, and portion offleece upon strain and
stretch.

Catalogue

No

II

of

samples.

;
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TABU: X \\./ii<lirit1nal extreme* and artrages, showing influence of breed, sex, etc. Continued.

I
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TABLE XIX. Individual extremes and averages, showing influence of breed, sex, &c. Continued.

Catalogue

No.

||

of

sample*.



INTERNATIONAL KXHll'.ITION OF SIll'KP AND WOOL. 313

TADI.I. N \\.-Iniliriilunl extremes and arerttges, nhoirimj influence of breed, sex, etc. Continued.
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TABLE XX. General extremes and averages, showing influence of age upon strain and stretch.
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TABLE XKL Extremes and averages, showing influence of folds upon strain and utretch.

CntalojripXo.

r

ofMmpta.

|
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TABLE XXII. Individual extremes and averages, showing influence of folds upon strain and stretch in each sex and

portion offleece.

Catalogue

No.

||

of

snmiiled.
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TAni.r. XXII I. (imt-rnl extreme! and averages, showing influence offolds upon strain <ni<l stretch.

Portion of fleece reprewnt. <I.
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TABLE XXIV. General averages of all measurements for each breed, sex, and portion of fleece.

Portion of Oeoco represented.
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TABLE XXIV. General average* of all measurement* for oack breed, icx, and portion of fleece Continued.

Portion of fleece represented.
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TABLE XXV. General averages of all measurements, showing influence of age upon all qualities.

Portion of floecc represented.
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TABLK XXVI. General areraycs of all measurements takt n irith pure-blood iconlg, thntring influence of crimp upon
all qualities.

rortion of fleece represented.





CHAPTER VI.

COMMERCIAL GRADES.

The above arc the facts we have to present with regard to the pare bred wools as we Lave studied them, and
we liavo now to pass to the consideration of the commercial grades of this and other countries for the raw material,
for which wo are, as already stated, indebted to Mr. J. D. Whithain, of Valley Grove, W. Va., and Mr. William
C. Markham, of Avon, N. Y. These grades are those of the Boston and Philadelphia markets and the standards
of Germany, respectively. The Boston grades wore classified by Mr. II. E. Chapman, of Hartford, a professional

grader, and tlio Philadelphia grades by Mr. Conaut, of West Virginia, both at the request of Mr. Whitham.
The German grades were selected by a professional grader of the highest authority in Germany, and they may
therefore be accepted as fairly representing the grades of that country. But before proceeding to the discussion

of the results obtained in the examination of this series of samples, a few words with regard to the several

grades and the means by which they arc determined and separated in a commercial way will not be amiss even
from one not especially well versed in the art involved.

The commercial wool-grader, in the practice of his profession, depends altogether upon the senses of sight and

feeling, guided by the demands of the market, and separates the different qualities of wool passing through his

hands rather into the classes demanded for the supply of the factories and looms than into those based entirely

upon any one of the qualities with which we have thus far had to deal. For while in Germany much depends upon
the fineness of the staple, and as much importance is attached to this quality as any other, in this country all

qualities must be considered to a greater or less degree. In what is known as the fine wools, or clothing wools,
in 'ss is of course the prominent characteristic to be considered, while it is intimately connected with strength

and elasticity as well. In the dclaino wools fineness, strength, and elasticity must be considered, with proper
_;th of fiber to produce the tout ensemble necessary to their important grade, while the coarse combing wools

depend entirely upon length and freedom from impurities, with goodly amounts of strength and elasticity, which
are desirable in all qualities.

But in no case has an absolute standard been established for each grade. If the demands of the market call

I for more of one grade than of another, the best of a lower or the poorest of a higher, as the case may be, will find

|

its way in the grader's hands to the grade most in demand. Thus if XX or XXX be the prevailing demand of the

narkct, we find the grader adding to these grades in his operations the lower sorts of picklock and the better sorts

F X. If, on the other hand, delaine wool is most desired, most of the longer wool of the finer grades finds its way
the grade in question, while it receives also additions from the finer sorts of the long wools. So, too, when

1

1
medium or coarse combing proves scarce in the markets, the delaines are drawn upon to supply the deficiencies,

I and thus the wide and elastic limits are maintained. But notwithstanding this, wo have deemed it desirable to

I

1
study the grades in the manner of our examination of the pure-bred wools, and we now have the pleasure of

venting the results obtained. Below we give a catalogue list of the samples included in this series of graded

wools, and we have added to the list some notes taken at the time of grading from statements made by the grader.

BOSTON GRADES.

CttXo.
. Fine unwashed, X, XX, and XXX.
Fine dead wool (from dead cheep).

277. Picklock.

KXX.

I

279. XX.
no. x.

274. Between X and No. 1.

881. No. 1.

Graded by H. E. Chapman, Hartford, Conn.

CttNo.
282. No. -2.

233. Delaine, fine (from X to XX).
281. Delaine, medium (from No. 1 to No. 2).

285. Combing, fine (generally No. 1 long and strong).

286. Combing, medium.

287. Combing, coarse.

288. Common.
289. New Mexico wool.



324 INTERNATIONAL EXHIBITION OF SHEEP AND WOOL.

PHILADELPHIA GRADES.

Prepared ly Mr. Conant.

Cat No.

290.

291.

292.

293.

294.

5.

Picklock, best.

Picklock, fair. Fair wool, but not high grade.

Picklock, medium. Generous grade, tending to the low side

and much like XXX.

Picklock, low. Too growtliy and long; like high XXX.

XXX series. This sample, probably grading wool, is very

fine and elastic, and may be considered extra XXX.

XXX series. Very good XXX wool.

296. XXX series, low. Scarcely fine enough for XXX, and should

probably fall to the XX grade.

297. XX series, good XX. This is a sample of excellent XX wool.

It might be graded delaine in Boston, where the delaine is

shorter than in Philadelphia.

908. XX series, clothing. In this grade the length is not con-

sidered; the qualities most desired are fineness, strength,

elasticity, and liveliness or "quality".

299. XX series, low. The bodies of these fleeces run evenly to

one sort. They are sometimes made No. 3. They are not

so fine as otherXX wools, bnt the wool is young and lively,

and works well, and so is placed in this grade.

300. X. This is a sample of good X wool. It is fine enough for

XX, but it is in some way defective. It is weak and works

down in the factory.

301. X, fair. A sample of good, fair X wool.

302. X, low. Not quite good enough for delaine. It is long

enough and fine enough, but is defective at the bottom ;

nor is it fine enough for XX.

303. Delaine, washed, fine. Regular grade.

304. Delaine, washed, fine. This sample is especially fine, though
delaine fleeces are usually rather finer and heavier than

clothing.

305. Fine unwashed X and above.

306. Fair unwashed X and above. Worth 25 to 26 cents per

pound.

Cat. No.

307.

308.

309.

310.

311.

312.

313.

314.

315.

316.

317.

318.

319.

320

X and above. Unmerchantable, because of containing too

mueh grease, dirt, and cotts, and susceptible of excessive

shrinkage ;
has been brook-washed, but not enough. The

shrinkage in fine wools is about 40 to 50 per cent., and

when it becomes greater than this the product becomes

unmerchantable.

J-blood series. This sample is good quarter wool, because it

is graded high. This grade may be divided, and part of it

thrown to a higher grade and part of it to a lower.

J.blood series. For length should be classed as i combing,

but it is wanting in strength, is weak at the bottom, and

is therefore classed as clothing.

Washed J blood. Low combing. Longer and closer than

combing, which must have a length of 3J to 3^ inches.

f-blood series. Good.

f-blood series, washed. A combing fleece, because good and

strong and will lose little in noils.

Washed, $ and -J blood. Medium delaine. Has the samo

fineness as medium combing, but is shorter.

High ^-blood series. Classed thus because of the condition

of the market.

Regular ^-blood. Same as Boston No. 1, or general medium.

Thrown high ;
that is, the quality in this sample is placed

in a high grade, because medium is scarce and other quali-

ties are crowded into it. It is a real half-blood.

Combing. Washed half-blood. Combing fleeces, the best

of them graded as fine delaine by some houses.

series. In this series the |, $, and f blood wools are gen-

erally thrown together. It is produced by graded animals

nearer to fine Merino than other grades, and is not low

enough for medium.

Cotts. Wool generally of the coarser grades which from

some cause has become matted or felted together so that it
'

can be combed out and worked only with the greatest

difficulty and loss.

Imported Saxony, wool used in Connecticut mills.

Saxony wool, grown in West Virginia.

GERMAN GRADES.

Furnished by Mr. William G-. Markham, Avon, N. T.

1. Supereleeta.
2. Super- snperelecta.

3. Supereleeta.

4. Supereleeta.

5. I. Electa.

6. I. Electa.

7. II. Electa.

8. II. Electa.

9. I. Prima.

10. I. Prima.

11. H. Prima.

12. II. Prima.

13. Secunda.

14. Tertia.

15. Quarta.
16. Wool of excellent pedigree.
17. Wool of excellent pedigree.

18. Pure-bred wool of ancient pedigree.
19. Wool not pure bred.

20. Wool from the first prize 2-year old French ram exhibited at

the Paris Exposition of 1878 ;
1 year's growth.

21. Wool from Rambouillet Merino.

22. Merino wool from Sturgeon, Gray's Station, near London,

England. Said to be from one of the purest flocks in the

world, descended from the flock of George III, imported
from Spain.

23. Australian ewe's wool, from flock of Sir Samuel Wilson, Aus-

tralia.

24. Wool from M. Roger's 2-year old ram. Pulled at nine months'

growth. Ram had been shorn once.

25. Wool from M. Roger's ewe, 2} years' old. Rambouillet stock.

26. Wool from M. Roger's ewe, 2} years old, of Rambouillet stock,

but larger than the original.

This list will sufficiently explain and describe the samples represented in the tables following thosejust discussed'

There are, however, a few other samples received from miscellaneous sources that have been examined, and the

results of their examination are given in separate tables. They will be described when they are discussed. The

notes accompanying the list of Philadelphia grades will explain, sufficiently for our present purpose, the principles

involved in making them. So much depends upon practical experience in acquiring the knowledge necessary to

making them, that a written description of the methods and principles which govern the work will be of little
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al value. The object of the examination of these grades was to determine the limits bet\v< en which lie Mm
qualities found in each, and, if po-isible, furnish data from which some more definite standard could lie est;th!i

The latter will, however, prove exceedingly dillienlt under any circumstances, tor examination of the results of

uremeut of the ('crmnn grades will show how widely the samples represented vary I'mm the established

: ml ., even when prepared by one long familiar with the- grades and of largo experience in their .separation.

all, the demands of the market must bo 6no of the most important factors in this determination, and these

will be too Ilexible to conform to any rules which science may fix upon. I5ut if the residts hero presented may
tend in any way to etVeet any improvement in the uniformity in the product of the American looms, 0110 of the

ends of this study will have been attained. I'.ut our results plainly show how difficult it is to establish a

grade upon any given quality, since all the known qualities are involved in each case. Thus, the clothing wools

may bo wanting in length, but fineness, strength, and elasticity must be fully developed. In the delaines, length
as well as all the other qualities must be included, while in the combing wools fineness is as a general rule the

important quality, the long and coarse wools being those required. But the variations occurring in each grade
in all these qualities become apparent in the tables giving tlu- results of the measurements.

In the examinations, to provide for the variations here referred to, many of the samples in which any very
considerable want of uniformity in quality occurred were divided into several smaller samples, and each quality
contained in the grade was examined separately. Tims in Table XXVII, section A, giving the actual measure-

ments of fineness at the several grades, we find at the head of the columns numbers 275a, 2756, 275c, &c., and each of

numbers refers to a distinct quality of wool found in the sample under examination, and differing from all the

others in some peculiarity or another. The restdts of the examination of these subsainples servo to show the range
that may be found in the qualities of each grade, and to determine the limits which should govern their range.
"What these specific limits are will be found in one of the later tables. In this table we have recorded, as before,
all the measurements actually taken, and have collected at the bottom of each page the recapitnlation and reduc-

tions ne. . >sary to the more ready and intelligent appreciation of the differences to be found in the figures corre-

sponding to each sample or part of sample. The table will fully explain itself, and will serve for the determi-

nation of many of the relations that have escaped our notice or that from want of time or space we have thus far

been unable to consider.

In the next section, B, wo have presented in exactly the same way the actual measurements made of the

grades of the Philadelphia markets. Here, because of the peculiarities of that market, we may expect to find

der variations than in the previous table. It is constructed in exactly the same manner as former tables of like

character, and will therefore explain itself.

In section C wo have the actual measurements of the length, crimp, and fineness of the commercial grades of

Gcimany, the materials for which were furnished by Mr. Markham. Constructed in the same way as the others, it

s no further explanation than they. But there is one point of especial intrest that we must call attention to

passing. It is well known that in Germany great dependence is placed upon the relation between the closeness

the crimp and the fineness of the fiber, and this relation is always largely employed in the determination of

grade. This is well illustrated in this table under numbers 1 to 15, inclusive. We find here a gradual decrease

the number of crimps per inch, and a corresponding increase in the diameter of the fiber. With the exception
the super-super electa we find this correspondence between the crimp and fineness comparatively close, and its

lability as a standard of grade in the finer wools well supported. In No. 1, the super-electa, nomener, with 34

imps per inch in both the samples, we have a variation of from about 1.4 to 1.9 centimillimetcrs. Here the

dieations of the crimp are wholly unreliable, and if we were to accept these figures as a general rule, we should

.elude that in the finer qualities of wool this relation is wholly defective as a means for determination of the

mess, though for the wools of medium fineness it will prove of very considerable practical utility.

Hut there is also another relation here to which we think too much importance cannot be attached, and which

JBhould be studied with great care, with a view to the practical application of the facts set forth by all breeders of

fme-wooled sheep, or growers of wools of the finer grades. We refer especially to the uniformity in the quality of

aple, not only from fiber to fiber, but throughout its length as well. It is difficult to find in any of the samples
nerican wool wo have had occasion to examine the degree of uniformity in fineness here exhibited, both in the

rues of the whole sample or of each section, the averages for each section, or the number of measurements
found above and below the average in each case. This is a point by all means too important to be neglected, and it

will to a great extent explain the necessity that impels our manufacturers to send abroad for material to be employed
I in the manufacture of the finer goods and to consume the home product in the lower grades. There are doubtless

I .n this country both breeders of sheep and growers of wool who aim at securing the high degree of uniformity here

d, but it is a lamentable fact that the wools of the United States must be acknowledged to be wanting
n this important quality. This may bo due in some cases to the influences to which our animals are naturally

ted by the sudden and radical climatic changes for which many parts of the conntrv are celebrated, but it is

probable that it may in most cases be traced and referred to the want of that constant care and watchfulness

[> on the European continent usually receive. The additional care required, and the possibly improved

liutrition that may often be afforded, will no doubt eventually yield returns that could be nothing but gratifying
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to the brooders aud growers, and improve the relations prevailing between the producer and manufacturer as welL

The sooner this fact is recognized the sooner will the discussions so disastrous to the prosperity of the woolen

industry in all its branches decline, while the advancement in every direction must follow as a matter of course.

The data given here in detail will be presented in a more condensed form in a subsequent table, in which the

facts we have alluded to become even more prominent.

Passing to the following tables, we have the extremes and averages of the preceding ones arranged and classified

for more convenient comparison of the general relations. In the first table, XXVIII, we have the extremes and

averages for all the portions of each sample represented, showing the wide variations in the quality of wool in each

graderwider as a rule in those, of the Boston than in those of the Philadelphia markets. And, as compared with

each other, we may plainly see here the greater uniformity in the quality of the foreign wools. We have already

insisted upon these relations sufficiently, and we offer them again in this form.

In the next table, XXIX, the averages of the extremes and averages for the different parts of each sample are

collected, and we have an opportunity for more absolute comparison of one grade with another. The fineness and

length fairly show the qualities upon -which the grades depend. In some cases the distinctions are too slight to be

of value, and in such case we must look to strength or some other quality to effect the differentiation. But we

may see in this table what we have pointed out before, the general relation of fineness to crimp, and at the same

time its general unreliability.

We Lave now to consider the strength and elasticity of the wools constituting the several grades, the fineness

of which we have just discussed. All the samples were divided in exactly the same way as for the measurements

of fineness, that is to say, all the different qualities found in each sample were tested as nearly as it was possible to

do so. Indeed the same small eubspecimens that were used in the measurements of fineness were also employed
in the tests of strength and stretch. In these tables they are therefore designated in the same way ;

for instance,

the subspeciniens of sample number 275, are designated by 275a, 2755, 275c. &c., respectively. The results of the

actual measurements and the recapitulations and reductions are arranged here exactly as in previous tables

of results of the same character, and they likewise serve to furnish the data for subsequent tables showing
more clearly and in a more concise way the general relations to be brought out. The uniformity of the material

tested may here be studied in detail
t
and from such studies we may learn lessons of much the same character and]

the same importance as those to which we have already called attention in the discussion of the finenness of these'

grades. The superiority of the European wool as regards uniformity is here equally prominent, and will appear
still more distinctly in the tables of general averages to be given later on. We commend the study of these

detailed results to the careful consideration of wool-growers and manufacturers alike, for they must prove to them
a source of fruitful meditation.

The results of these measurements are detailed in Table XXX,
In Table XXX f we have collected all the extremes and averages of the preceding tables, to show at a glance

the variations in strength and elasticity from sample to sample and from grade to grade. We see here how

important it is that there should be more careful breeding on the one hand and more careful selections in grading
on the other. But in this table, as in the preceding, we have given the averages for all the specimens tested. It

still remains to determine from these figures the general averages for each sample, and the results of this

determination are collected in Table XXXII, which should furnish fairly good standards for each grade. In both

of these tables we have arranged the figures for strain on one side and the figures for stretch of the corresponding
sample directly opposite on the other side. Beyond this these tables will explain themselves.

In conclusion, we present in Table XXXIII the general averages of all measurements made upon the samples
of the commercial grades, so that each grade may be compared with any other in any particular or as a whole.

This will show better than any previous combination of figures all the elements which enter into the determination
of each grade, and what are the most important as guides in fixing the several classes. This table needs no further

explanation. Each one must study it for himself, and each one find the practical application of the data it contains.

As the general result of the whole examination we arrive at the following conclusions:
1. That of the breeds represented in our investigation, as regards fineness of fiber, the Merino stands first and

the Oxforddown last in the scale, and all in the following order: 1, Merino; 2, Southdown; 3, Hampshiredown;
4, Lincoln; 5, Leicester; C, Cotswold; 7, Oxforddown.

2. That of the different parts of the fleece, as regards fineness, no absolute standards can be established, but
as a general rule they are found to stand in about the following relation: 1, belly ; 2, shoulder

; 3, side; 4, hip.
3. That as regards the influence of sex upon the fineness of the fiber, no standard can bo adopted. In some

cases ram's wool is finer than ewe's wool; in others, the ewe's wool is finer. As a general rule the Lincoln and
Cotswold breeds belong to the first class, and the Merinos and Downs to the second.

4. As regards the influence of age upon fineness no uniformity prevails, but it appears that with increase of

age there is a certain increase of diameter of the fiber, and that this increase is more uniform in the coarse-wooled
breeds than in the Merinos and Downs, and in the ram than in the ewe.

5. That wool produced upon the folds of the skin is always shorter and coarser than that grown between the
folds or upon smooth skin, and that the folds of the hip produce coarser wool than those of other parts of the body.
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G. That tin' line wools having close crimp have as a rule a greater degree of tiueiiess thau those having more

open crimp, and that lint > is to vary with the closeness of the crimp. Hut tho relation is by no means
lute, and 1111: -jited with some caution.

7. That as regards .strength of the fiber, it is not wholly dependent upon tho diameter of the cross section.

8. Thai .-treteli does not wholly depend upon the strain applied, nor upon the fineness of the fiber.

9. That tho percentage of stretch may bo accepted as fairly representative of the elasticity of the fiber.

in. As with the fineness, the relation between sex and strength and elasticity is not absolute, each breed having
its own standard with this regard.

11. As regards strength of dill'ereut portions of tho llecce, wo find a gradual increase from shoulder to hip,

following the same order as for fineness, but as regards the stretch there is no regularity.
]_. As ir-.uds the influence, of age upon the strength ami elasticity, a maximum appears to be reached at the

age o!'alii>iii two years. I'.cyond this ago tho relati'>n v.i: !-<, and is not absolute.

i'hat the wool from the tops of the wrinkles is stronger but less elastic than that from between the wrinkles

or upon smooth skin.

11. That iu tho commercial grades of fine wool greater uniformity in all qualities prevails in those obtained
froia (lei-many than in those of tho United States, but it must also bo observed that the material representing the

German grades was doubtless from thoroughbred stock, while that representing the American grades was taken

from tho ordinary market stock.
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TABLE XXVII. Actual measurements of length, crimp, and fineness of commercial grades.

Catalogue number of samples..
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TAULE XX\'II. .lr/ir/ measurements of length, crimp, and Jinr>u:ix <>f ('ontiiitiril.

Catalogue number of sample*.
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TABLE XXVII. Actual measurements of length, crimp, and fineness of commercial grades Continued.

Catalogue number of samples.
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TABLE XXVII. Actual mcaturemaUt oflength, ci-iwp, andJJnaten fcrmmmimi radm Oontiimed.

Catalogue number of ample*. .
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TABLE XXVII. Actual measurements of length, crimp, and fineness of commercial grades Continued.

Catalogue number of samples.
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TABLE XXVII. Actual measurements of length, crimp, ana fineness of conimercial grade* Continued.

Catalogue number of sample*..
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TABLE XXVH. Actual measurements of length, crimp, and fineness of commercial grades Continued.

Catalogue number of samples . .
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TABLE XXVII. Actual measurement* of length, crimp, and fincnets of commercial grades Continued.

Catalogue number of umplea.
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XXVII. Actual measurements of length, crimp, and fineness of commercial grades Continued.

Catalogue number of samples . .
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TABLE XXVII. Actual measurements of length, crimp, and fineness ofcommtrcinl t/rades Continued.

CaUUogac number of aamp.es. .
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TABLE XXVII. Actual measurements of length, crimp, and fineness of commercial grades Continued.

Catalogue number of samples..
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TABLE XXVII. Actual measurements of length, crimp, and fineness of commercial grades Continued.

Catalogue number of samples.
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TABLE XXVII. Actual measurements of length, crimp, and fineness of commercial grades Continued.

Catalogue number of samples.
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TABLI: X X \'ll.A<-tual measurements of length, crimp, and fineness of commercial grades Continued.

Catalogue number of wimple*.



342 mTERNATIONAL EXHIBITION OF SHEEP AND WOOL.

TABLE XXVIL Actual measurements of length, crimp, and fineness of commercial grades Continued.

Catalogue numl>er of samples. .
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TABLB XXVII. Actual measurements of length, crimp, and fineness of commercial grades Continued.

Catalogue nnmber of uiuplpa . .
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TABLE XXVIL Actual measurements of length, crimp, and fineness of commercial grades-Continued.

Catalogue number of samples. .

Length of fiber in crimp
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TAIII.I: N \ V I 1. Ai-tual measurement* of length, i-rlmp, and fineness of commercial grades Continued.

Catalogue number ofwrnple*..
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TABLE XXVII. Actual measurements of length, crimp, and fineness of commercial grades Continued.

Catalogue number of samples. .
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TABLE XXVII. Actual measurements of length, crimp, and fineness of commercial grades Continued.

Catalogue number of sample* .



348 INTERNATIONAL EXHIBITION OF SHEEP AND WOOL.

TABLE XXVII. Actual measurements of length, crimp, and fineness of commercial grades Continued.

Catalogue nmnber of samples.
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TABU: XXVIF. Ai-tital mmxiirements oflenyth, crimp, and fineness of commercial grades Continued.

Catalogue number of lampl**..
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TABLE XXVII. Actual measurement* of length, crimp, and fineness of commercial grades Continued.

Catalogue number of samples..
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TABLE XXVII. Actual measurements of length, crimp, and fineness of commercial grades Continued.

351

Catalogue number of samplei . .
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TABLE XXVIII. Individual extremes and avsrages of fineness for commercial grades.

Catalogue

number

][

at'

samples.
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TA.BI.I: X X VIII. Indicitlual extreme* and artrayes of fineness for commercial (tntilcx Continued.

CaUlognenamber

r

uf

luiuiplrt.
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TABLE XXIX. General extremes and averages of fineness for commercial grades.

[Rednced from Table XXVIIL]

Lco
o^.

p
O

275
276
277
278
279
280
274
281
282
283
284
285
286
287
288
289

190
291
292
203
294
295
296
297
298
299
300
301
802
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320

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
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TABLK X X X. Actual Measurements of xtrain and stretch for commercial grades.

355

Catalogue mini tar of sample*. .
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TABLE XXX. Actual measurements of strain and stretch for commercial grades Continued.

Catalogue number of samples.
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TABLE XXX. Actual measurements of strain and stretch for cunniuri-ial grades Contimu d.

:357

Catalogue number of umple*..
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TABLE XXX. Actual measurements of strain and stretch for commercial grades Continued.

Catalogue number of samples . .
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TABLI: XXX. Actual measurements of strain and stretch for commercial grades Continued.

Catalogue number of sample*.
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TABLE XXX. Actual measurements of strain and stretch for commercial grades Continued.

Catalogue number of samples..
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TABLE XXX. Actual measurements of strain and stretch for commercial grades Continued.

CaUlofno number of sample*. .



362 INTKRNATIONAL EXHIBITION OF SHEEP AND WOOL.

TABLE XXX. Actual measurements of strain and stretch for commercial grades Continued.

Catalogue number of samples.
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TABLE XXX. Actual measurements of strain and stretch for commercial grades Continued.

Catalogue number of sample*. .
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TABLE XXX. Actual measurements of strain and stretch for commercial grades Continued.

Catalogue number of samples .



INTERNATIONAL KXIIIKITIOX OF SIIF.Kr AND WOOL. 365

TABLK X XX. Actual measurement of strain and stretch for commercial grades Continued.

Gatalogne nnmbcr of maple*..
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TABLE XXX. Actual measurements of strain and stretch for commercial grades Continued.

Catalogue number of samples . .
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TABLK X XX. Actual measurements of strain and stretch for coitrrcial grades Continued.

ClUlojno number of samples. .
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TABLE XXX. Actual measurements of strain and stretch for commercial grades Continued.

Catalogue Dumber of samples .



INIT.KNATIONAI. KMIIBITION OF S1JKKI' AND WOOL. 309

TABU: XX X. Actual measurements of xtrain and stretch for comuurdal ijrades CoiitiniU'd.

Catalogue iinnilx-r afumplu.
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TABLE XXX. Actual measurements of strain and stretchfor commercial grades Continued.

Catalogue number of samples.
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TABLE XXX. Actual measurement* of strain and stretch for commercial grades Continued.

371

Catalogue No. of simple*..
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TABLE XXXI. Individual extremes and averages of strain and stretch for commercial grades.

Catalogue

No.

of

samples.
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TABI.K X X \ I. Individual extremes and averages of strain and stretch for commercial grades Continued.

CutiUocn*

No.

I

vfa.uuple*.
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TABLE XXXII. General extremes and averages of strain and stretch for commercial grades.

h
il

11

274
275
276
277
278
279
230
281
282
283
284
(
286
287
288
289

290
291
292
293
294
295
296
297
298
299
aoo
301
302
303
304
305
300
307
308
309
310
311
312
313
314
315
310
317
318
319
320

321
322
823
324
325
326
327
328
329
330
331
332
333
334
335
330
337
338
839
340
341
342
343
344
345
846
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TABLE XXXIII. General averages of all measurements upon commercial grades.

11





CHAPTER VII.

ULTIMATE VALUE OF THE WOOLS EXAMINED.

Referring to the deseriptiou and discussion of Table XIV, in the preceding pages of this report, we find a
statement of tlie method employed for the determination of the tensile strain necessary to produce a stretch in the

filters and the permanent stretch or set corresponding with such strain and total stretch. Selection of typical re-

Milts from Table XIV has been made by my friend and colleague N. Clifford Bicker, professor of architecture in

the I nivrisiiy of Illinois, who has reduced them in such a way as to make it possible to institute comparisons of

wool with other materials used in the arts, and to determine the ultimate value of each sample of wool or indeed

each liber lepresented. The results of his calculations and comparisons are embodied in the following pages.
There seems to be no doubt that the methods here followed furnish means for the absolute determination of

the industrial value of the staple. Wo therefore take great pleasure in submitting the result of Professor Bicker's

work.

A. MEASUREMENTS AND TESTS OP FIBEES.

(1) AVERAGE DIAMETER OF FIBERS.

The average diameter of fiber was determined ftfr each sample of wool by measuring a large number of the-

filters liy means of a microscope, and then taking the mean of all their diameters as the average for that sample.
Tlie>e measurements were made and recorded in centimillimeters or bnndredths of a millimeter.

(2) TENSILE STRENGTH AND STBETCH OF FIBEBS.

Usually 15, rarely 35, fibers were selected from each sample of wool, and a length of each fiber equal to 2

centimeters was subjected to a gradually increased tensile strain until a stretch or increase of length of 1 milli-

meter was produced. The strain then being removed, the permanent elongation of the fiber was measured. A
strain was then applied sufficient to cause a stretch of 2 millimeters, an. 1 the corresponding permanent stretch \vas

me.iMireil. The process was generally, though not always, repeated for each consecutive millimeter of elongation
until the fiber was ruptured. Each strain was recorded in grams, with the corresponding total and permanent
stretch in millimeters.

The following will serve as an illustration of the method:

(No. 189. Cotawold. Average diameter of fiber = 4.412 eentimillimrtort.]

No. 1 fiber.
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[Xo. 1S9. Cotswold. Average diameter of fiber=4.412 centimillimetera Continued.]

No. 11 fiber.
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TABLE 1. Strains and permanent xtrctclt.

[No. 188, CoUwol.l.]
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TABLE 3. Averagesfor Oxforddotcn.

[10 samples; 100 fibers.]
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TABLE 5. Averagesfor Sottthdoicn.



382 INTERNATIONAL EXHIBITION OF SHEEP AND WOOL.

TABLE 7. Averages for Cotsicold.





PLATE IX.
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The same results are also shown iu a differciit manner in the graphical diagram of 1'lato III, constructed in

th- same way as those on Plates I and II.

Thi.s diagram shows the following to be true for this fleece:

1. Tho fibers taken from the shoulder arc considerably stronger than the average for tbe fleece reduced to a
common diameter and weight.

'2. The shoulder is therefore the most valuable part of the fleece by weight.

.;. The relative economical values of the different parts are as follows, from greatest to least: Shoulder, side,

hip, belly.

I. Fibers taken from the side closely approximate the average for the entire fleece.

5. The belly is much the least valuable part of the lleece.

Of course these deductions might be materially modified by applying the same method to a large number of
s belonging to different breeds.*

I). MODE OF AVKU.UJINC, KESULTS FOE THE FIVE BREEDS.

The general averages for each breed can bo compared in the way already described for the different fleeces of

the same breed, so as to obtain a general average for the live breeds or for wool.

This comparison is made numerically iu Table IX and graphically on Plate IV.

TAIU.E 9. General arcragefor the five breeds.
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?. COMPARATIVE ECONOMICAL VALUES OF WOOLS OF THE DIFFERENT BREEDS.

Now if it be accepted that the Southdown, as has apparently been shown, is the strongest and most valuable

of the five kinds represented, and if we adopt it as the standard of comparison and place its value at 100, the

relative value of any other kind of wool is to 100, or that of the Southdown, exactly as are the relative tensile

strains required to produce equal elongations of the wools considered.

Let S=strain producing a certain amount of elongation in Southdown wool.

Let S'=strain producing an equal elongation in any other kind.

Then S : S 1
:: 100 : required value of the wool, relative to that of Southdown, taken as a standard.

The corresponding strains and elongations were taken from Table IX, and by application of the preceding

formula the results given in the following table were obtained:

TABLE 10. Relative values of different kinds of wool.
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(2) KliMtic Ktretfh ctirrexpiwding to any total stretch. This evidently equals the diilei-ence of the total and per-

manent stretch just found. These ditlrreiices form the following table:

TABLE 111. Relative total and clastic at retch for f</'<"' '"'"' t-lnngations.
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The line of permanent stretch for wool is broken, that of total stretch being a heavy full line. Since the lines

of permanent stretch or set for the metals correspond very nearly with those for total stretch, they are here omitted

for the sake of clearness.

A scale of strains, expressed in pounds per square inch, forms the vertical sides of the plate, while its top and

bottom are scales of stretches in per cents of the original length of the piece.

This diagram exhibits the following facts :

1. That the curve of the total stretch for wool is of about the same inclination as that for wrought iron, b
'

is concave upward, the latter being convex.

2. The tensile strain for wool is about cue-half that required to produce the same per cent, of total stretch m a

wrought-irou bar of equal cross-section.

3. A permanent set commences in wool at about 59 per cent, of the amount of strain required to originate a set

in a wrought-iron bar, or at about 37 per cent, of the ultimate tenacity of wrought iron of good quality.

4. For steel, the corresponding value is 34 per cent.

5. The ultimate average tenacity of wool appears to be nearly double that of average cast iron of equal cross-

section, about four-fifths that of good wrought iron, and a little more than one-third that of good steel.

6. The maximum stretch of wool is much greater than that of either metal, being 1.75 times that of wrought

iron, 12.8 times that of cast iron, and 4.5 times that of steel.

7. The permanent stretch or set of wool appears to commence only when the total stretch equals nearly 5 per

cent, of the original length of the fibers, which is at least ten times greater than the corresponding value for either

metal.

8. The curve for wool most nearly approximates that for wrought iron, but is plainly an ogee curve, while those

for the metals are merely concave.

9. Wool has more than twice the strength of the toughest wood, 1| times that of bone, 4 times that of white

pine, 2.7 times that of ivory, 5.6 times that of whalebone, and nearly as much as soft brass wire, phosphor bronze,

annealed iron wire, or steel-wire rope.

I. COMPAEATIVE MODULI OF ELASTICITY OF WOOL FOE THE FIVE BEEEDS.

(1) FORMULA. FOE MODULUS OF ELASTICITY OF WOOL.

The term " modulus of elasticity," much employed in the discussion of the resistance ofmaterials, may be defined

in either of two ways.

(a) It is the ratio between the elongation of a bar of any material (whose section is a square unit and its length

a linear unit of similar denomination) and the tensile strain producing that elongation; its numerical value equal-

ing the quotient of the strain by the elongation. The length of the bar is usually an inch, its section a square inch,

and the strain is taken in pounds.

(I) It is the tensile strain in pounds which would theoretically stretch a bar of one square inch section, to just

twice its original length, neglecting the reduction of section which occurs.

The definition first given is that most frequently employed and is the one here intended.

Let E=the required modulus of elasticity.

Let S=tensile strain on a fiber of wool 4 centimillimeters in diameter, in grams.
Then 1131.834 S=strain on fiber in pounds per square inch.

Let e=eorresponding total elongation in millimeters.

Since the length of fiber tested =20 millimeters, we have 5e =per cent, stretch, placing original length of fiber

=100. Consequently

E= H31. 834 S S
5e e

100
which is the required formula.

Applying this formula to the average strains corresponding to the different elongations of fiber for wool of

different breeds, as given in Table IX, total stretch, we obtain the values of the modulus of elasticity given in the

following table, and which are also graphically represented on Plate IX.
Since the numerical value of the modulus evidently increases directly as the amount of strain required to pro-

duce a certain elongation of the fiber, it follows that the most resistant fibers will have the greater modulus.

Consequently, the lines representing the values of the moduli of elasticity for the different breeds, under dif-

ferent elongations, will be arranged in the same order, as are the lines on Plate IV, representing the same breeds.

A comparison of Plates IV and IX makes this evident.

The heavy dotted line indicates the average value of the modulus for all five breeds, under different amounts
of stretch.
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1'lato IX also exhibits the following facts:

1. The- modulus of elasticity for Merino wool is pretty nearly the average for the five breeds consider. <1.

'2. The value of the modulus diminishes very rapidly as the stretch increases, the relative values for the gen-/

era! average being as follows :
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MISCELLANEOUS EXAMINATIONS.

TABLE XXXIV. Results ofmeasurements offineness ofMerino wools, submitted by Mr. Samuel Archer, Saint Louis, Mo.

Catalogue number of samples.
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TABLK X X X I V. Results of measurements of fineness of Merino tcooh, dr. Contimn <!.

Catalogue number of samples.
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TABLE XXXIV. Results of measurements offineness of Merino woofs, &c. Continued.
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TABLI . X X X 1 \'. Results of teslt ofstrain and stretch ofMerino icools submitted by Mr. Samuel Archer, Saint Louit, Mo.

Catalogue number of aamplea. .
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TABLE XXXIV. Results of tests of strain and stretch of Merino wools, &c. Continued.

Catalogue number of samples.
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TABU XXX V. Meii.in.rrmi nt.i of tin' Inttith, crimp, nml jlnrnesx nfjilu, n tcooh, submitted by Hon. J, T. Hi
M. C.j'rn in Miilii(j<in.

Catalogue Dumber of sample*.
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TABLE XXXV. Measurements oftlic length, crimp, and fineness offiber ofMerino icools, &c. Continued.
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TABU: XXXV. Retvlt* of tests of strain and stretch of Merino vools, submitted by Hon. John T.Jticlt, Elba, Mich.

Catalogue No. of umplca . .
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TABLE XXXVL Measurements of length, crimp, and fineness of Merino wools, submitted by Mr. William O. Marl-ham,
Avon, N. Y.
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TABLE XXXVI. Rcsultsof tests of strain and stretchofiiample* of Merinoicool4,*ubmitted by Mr.. William Q. Markham,
A run, \. Y.
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TABLE XXXVII. Actual measurements of length and fineness of Angora goat liair.

Catalogue number of samples.
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TABLK X \ X \ 1 1. Actual measurements of length and finenest of Angora goat hair Continued.
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Catalogue BOriMT of sample -.-
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TABLE XXXVII. Actual measurements of length and fineness of Angora goat hair Continued.

Catalogue number of samples .
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TABI.K. X X X V III. Extremes and arcnujfit offineness of A n<jra goat hair.

ANGORA GOAT II A II:.

Catalogue number of aamples.
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TABLE XXXIX. Results of tests of strain and stretch of Angora goat hair.

Catalogue number of samples.
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TABLE XXXI X. Results of Icsls of strain and stretch of Angora goat hair Continued.

Catalogue Dumber of sample*..
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TABLE XL. Extremes and averages of tests of strain and stretch of Angora goat hair.

AXGORA GOAT HAIR.

Catalogue number of samples.
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TABLE XLI. Cat >nr.t <tn<l itnr<ii/ixfi>r lrnt/th, fineness, xtntin, <nnl xtr<'t<-h < if Angora yon
1 hair.

ANGORA GOAT HAIR.
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TABLE XLIL Measurements offineness of raw silks.

Catalogue No. of samples .
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TAHI.I: KM I. / (cits of strain and stretchfor rate silks.
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Catalogue Xo. of taroplw . .
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TABLE XLII. Results of tests of strain and stretch for rate sillcs Continued.

Catalogue Xo. of samples . .
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LETTER OF TRANSMITTAL.

UNIVERSITY OP ILLINOIS,

Champaign, III., January 15, 1885.

Sin : I have the honor herein to submit a detailed report of an investigation of wools, supplementing a report

made one year n^o bearing upon the, same snbject. The former report was based upon work with material

colle< 10 International Inhibition of Sheep and Wool Products, held in Philadelphia in September, 1880,

from animals and fleeces tin-rein exhibited. It was expected that in sncli an exhibition it would be possible to

secure, material, not only from every portion of onr own country, but from every part of the globe in which any
attention is given to the art of sheep-breeding and wool production. But unfortunately these expectations were not

realized. The sections of country represented were extremely limited in number, Vermont, the wool-growing
section about Western Pennsylvania, Southeastern Pennsylvania, and Delaware, and a small section of Kentucky

completing the list. Foreign countries failed to send exhibits, and even of our own country only a few of the

prominent breeds were represented. Our investigations were therefore confined to a study and comparison of the

wools of a few different breeds and different sexes and ages, as well as of different portions of the fleece.

Another disadvantage resulted from the- small number of animals found in each class, so that the reduction of

averages became a difficult and unsatisfactory task. However, the work furnished results which, notwithstanding
their deficiencies, must prove of interest and value. Primarily it was especially to supply such deficiencies that the

investigation forming the principal subject-matter of this report was made. The work about to be reported has

mainly consisted in the determination of the influence of the section of country upon the quality of the wool

produced from the breed of sheep known as the American Merino, the origin of which is too well known to need

any description or discussion here
; or, rather, its object was to determine differences in the qualities of wool from

the leading wool-producing centers as possibly dependent upon climatic influences or upon the food common to the

section. And the wool of this breed was chosen for the investigation because of the general interest centering in

it, hi cause of its high commercial value, and because it constitutes the basis of all the best wool-production of the

world.

To carry out the plan of this investigation, therefore, letters were addressed to the more prominent and reliable

breeders of pure American Merino sheep, or to officers of societies, asking them to kindly furnish samples of wool

representative of the quality produced from pure-bred sheep in their locality, and in order to secure the greatest

uniformity it was requested that the samples bo taken only from animals descended directly from Vermont stock

bred and grown in the section represented. And to better fix the relations it was requested that the series from

each section should consist of samples taken from 20 rams and 50 ewes over two and under three years of age. It

was considered that this number would insure a fair average from the section and also afford data for comparison
of the relations between the sexes. Investigation subsequent to the distribution of these letters showed that

as regards the ultimate value of the staple the ago of the animal is comparatively insignificant. Previous

inveMigation had, however, shown that the age has an influence upon the fineness of the fiber, and since the

highest degree of fineness was found at about the age mentioned, this was adopted as the standard for our

comparison. All the conditions therefore seemed favorable to good results
;
but how difficult it is by correspondence

to secure exactly what is desired for such work is well illustrated in the catalogue and the letters given below. In

of the interest such an investigation must have for the experienced and progressive breeder and wool-grower,

the samples obtained from some of the sections were not altogether satisfactory, and very many important wool-

growing sections were not represented. Those from which we were favored with samples are Vermont, New York,

Western 1 Vnnsylvania, Wisconsin, Minnesota, Illinois, Texas, and California. In most cases the samples were taken

from animals bred in the section, descended from Vermont stock, while in a few cases some of the animals had

been brought from Vermont. Fortunately the latter cases were very few, and the results we shall have to present

vith may be accepted as fairly representative of the production of the sections named.
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la securing the material here described, we are especially indebted to Mr. Albert Chapman, Middlebury, Vt. ;

Mr. William G. Markham, Avon, N. Y.; Mr. John McDowell, Washington, Pa.
;
Mr. George E. Peck, Geneva, 111.;

Mr. Charles E. Gibbs, Whitewater, Wis.
;
Mr. A. Willson, Richfield, Minn.

;
Mr. J. D. Keraly, Cottonwood Springs,

Tex.
;
and Messrs. Baechtel Bros., Willits, Mendocino County, California.

In addition to the pure-bred wools procured through the instrumentality of the gentlemen just named, we were

further favored with a series of wools from sheep of the Negretti race, bred in Germany, and imported to this

country for the purpose of establishing the race on American soil. These animals were exhibited in the Fat Stock

Show of Chicago, in the fall of 1883. They were brought to this country by Mr. E. W. Perry, of Chicago, who

kindly furnished the series of samples for examination. And since they represent fairly the average of the flocks

of the class in Germany, they furnish interesting data for the comparison of the American Merino wools with those

of other wool-producing sections. The relations involved will be developed further on.

And besides these samples from Germany we have received another series no less interesting from Herr Otto

Steiger, of Leutewitz, near Meissen, Saxony, in Germany. This series ruay be accepted as fairly representative

of the Saxon family of Merinos descended from the earlier importations from Spain. In this series it is interesting

to note that the wool was produced upon animals of very large size, and that the fleeces were very heavy.
A third branch work consisted in the examination of the cross-bred wools furnished by Messrs. Baechtel

Bros., of Willits, Mendocino County, California. These gentlemen have been engaged during the past ten

years in a series of experiments to secure a race of hardy animals having large size, producing fairly heavy fleeces

of wool of good quality and fineness. Starting with pure-bred animals they have made a series of crosses with

varying proportions of Merino, Southdown, and Shropshiredown blood, and their own conclusions from the results

of their experiments are embodied in the correspondence sent with the samples and given below. This corre-

spondence will be read with the greatest interest by those concerned in the ultimate advancement of the sheep and
wool industry in this country. The demand for mutton-wool sheep is strengthening, and as the necessity for the

decrease of the cost of wool production advances, this question of how to combine the production of good mutton
with the production of good wool, or vice versa, will increase in importance. And these experiments, of which
euch faithful record has been preserved by the Messrs. Baechtel Bros., will do much to clear up the many diffi-

culties inherent in it. It gives us pleasure, therefore, to be able to add something to the knowledge flowing from

them, and to offer the results showing the relative values of the wools they have been able to produce.

Respectfully submitted.

WM. MoMURTRIE,
Professor of Chemistry, University of Illinois.

To Hon. GEO. B. LOEING,
Commissioner of Agriculture.



DESCRIPTION OF THE MATERIAL AND ITS SOURCES.

The following correspondence which accompanied sonic of the material examined will be of interest iu

connection with the study of the results we have to present. In some cases the information concerning the samples
attached thereto, and this is the case \\ith that received through Mr. A. Chapman, of Vermont. Such

information will be found in detail in the catalogue of samples given below. It is full of interest and value, and
wo can only express regret that the information from other sections is not equally full.

ROCHESTER, N. Y., March 23, 1884.

DKAR SIR : One of our most scientific breeders bos an impression that there is a point in density that we Lave surely made. It is this

A dm-.' ti. ..'.-. ^ hi, U opens iu blocks like the leaves of a book, only that tho leaves may be inch or more thick, protects the fibers of
wool in tho block from rubbing ngainst one another when the sheep is moving, turning, &c.

;
that the only rubbing of fibers against one

another in such fleeces is tho wool on the face of the leaves, while in the loose wool sheep it occurs all through tho fleece
;
that the friction

is di-triini-iital to tho liber in injuring the scaly seriations ami weakening tho fiber; that fiber taken from the center of a block or leaf

of wool will show unite a difference from those taken from the face of tho leaf or from a thin-wool sheep. On tho samples I have sent I

have marked those from dense fleeces, so that yon may experiment and see whether there is anything in tho theory.

Yourm,

W. O. MARKHAM.

RUSH, March 28, 1884.

DEAR SIR: Aa per request we send samples from four different ewes, all two years old this spring.
We are glad that on opportunity is offered to test our theory as to the evenness, trneness, and strength of fiber in the different part*

of the same fleece.

We wish the test made on those grounds without regard to length or fineness. We are of the opinion that tho thicker we can grow
the wool in all parts of the fleece the more uniform will the quality be. These samples were taken, two from the very thickest fleeced

sheep and two from the very thinnest, and were taken from tho best and poorest parts of the fleece.

It would be interesting to know which one of these four samples would run ovenest in quality and which the poorest. Wo deem thia

a vtTV important question in the problem of sheep-breeding.
If we succeed in breeding a sheep producing one grade of wool in nearly all parts wo will have accomplished a great improvement.
We wish the test made wholly on trneness, free from thick and thin places in the fiber; also the tooth-like projections or felting

properties, and also to know what the opinion would be iu regard to friction of fibers sliding one upon another causing weak places and
nnevcnneas in fiber.

P. AXD O. F. MARTIN.

PATTERSON'S MILLS, WASHINGTON COUNTY, PENNSYLVANIA,
Ftoruary 7, 1884.

DEAR SIR : To-day I have taken ont a number of wool samples from stock rams, breeding ewes, ewe lambs, ram lambs. I have sold

most of young stock for the last five years excepting lambs of 1683.

I have given number of each one and best fleeces ofone year's growth ;
one, bunch ofsmall samples taken out offleeces after shearing in

tho spring of 1830
;
selected some for finest quality, others longest staple and heaviest weight. Stock ram shorn first week of April, 1883 ;

ten months growth of wool. Ewes clipped last of April, some, in May; a few days over nine months' growth of wool. It will not be a
fair irst to compare two-year-old ewes not bred with ewes of five to eight years that have raised lambs since two years old.

Stock rams fed a little corn and oats most of the year; were not boused much until last of Angnst; have been on dry feed since

August. Ewes were not grained or housed till October lirt ; fed a little grain since that time. They were a little thin to commence winter.

<>f our stock was pnt np in show condition last season. Wo had a very wet season until lost of July, followed by a dry fall;

rather a hard year on stock generally. Our lambs did badly np to winter.

Respectfully, yours,
ROUT. PERRINE.

413
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GENEVA, ILL., February G, 1884.

DEAR SIR: I send you by this mail the samples of wool yon wanted. The samples sent are all from onr flock, E. Peek & Sons, and

arc marked " Vt. R., for Vermont register, and "Am. R.," for American register ;
also the age of sheep.

The samples are all from ewes except those marked "ram." We have but three rams two years old, so that the samples of rams' wool

are from sheep one and under two years old, except the samples from our stock rams.

The samples marked
' ' unhoused have been out to the weather the whole season, except the severe wmter weather, and those marked

"housed" have only been partly housed; some of them were our premium sheep at the State fair.

Yon will find one samplo of wool marked "seventeen years old." It is a Vermont bred ewe we bought m the spring of If

toothless then ;
has been bred every year since, and is now in lamb.

I would like to have you make a test of the fibers of the samples marked stock rams, as to its value, and report the result to mo.

Yours, very respectfully, GEQ

WHITEWATER, Wis., April 9, 1884.

DEAR SIR: I send you to-day by express a small box ofsuch samples of wool as I have been able to secure. They are all from thorough-

bred sheep Merino ewes and rams registered in the register of the Wisconsin Spanish Merino Sheep-Breeders' and Wool-Growers' Associa-

tion, and in the Vermont register their pedigrees trace to importations in the register. They have been fed with hay and oats or corn

durig the winter and sheltered from the storms since October; nothing peculiar in their treatment. They are generally sheared in the

early part of May.
Very truly, yours,

CHAS. K. GIBBS.

WHITEWATER, Wis.,

The six samples of ram's fleeces and ten of ewes were all taken from the shoulders and cut out February 16. They were shorn May
7 and 8, 1883. They have been kept out the heavy rains since August. No grain until taken up for the winter, then fed one-half bushel

of corn 'and oats to fifty sheep, and good, tame hay all they will eat. The samples are all taken from pure Spanish Meriuo sheep, all re-

corded in the Vermont and Wisconsin State registers.
O. COOK AND SONS.

RICHFIELD, MINN., February 8, 1884.

DEAR SIR : In response to your request of January 10, I send you by this mail samples of Merino wool. As stated 011 the papers to

which they are attached one row are ewe samples and the other rams, all two and three years of ago.

I kept Merino sheep in Vermont near the part of that State where the celebrated Hammond flock was kept previous to 1850, when

I moved to this State.

Tho basis of my present flock was ten ewes and one ram brought from Vermont in 18G2, I think. All the outside blood mixed 01

added has been pure and direct from Vermont.

At the agricultural fairs of the Northwest my sheep have repeatedly been in competition with the best sheep from this and othei

States, and I have never found any to equal them. From my observation and experience, I conclude that sheep are more vigorous and

healthy, grow larger, and produce more wool in the Northwest than in the Eastern States.

The feed of my sheep has been, during the winter, cockle screenings, costing three to five dollars per ton at Minneapolis mills,

not much corn or oats, together with wheat-straw, a little hay, and corn-fodder daily, In summer, fair pasture and a little cheap feed

occasionally. I intend to always keep them in good growing condition.

The sheep were sheared the 1st of May. The samples were taken to-day.

I should have stated before that my sheep are registered in the American Merino Sheep Register.

Yours, respectfully,

Q. WILLSON.

COTTONWOOD SPRINGS, TAYLOR, TEX., March 7, 1884.

DEAR SIR : I have to acknowledge receipt ofyour letter of 28th, and now beg to hand you 20 samples of wool from registered Spanish
Merino. Ten of the samples are from rams about two years old, and from ewes of similar age.

While I send you these samples, I wish to state that my flock has been very much abused during the past year, owing to my being
unable to attend to it through absence and sickness, during which time the sheep were left to the tender mercies of hands who neglected
them to such an extent that when I returned homo they were pretty nearly dead, which will account for some weakness in fiber.

I do not think any comparison you can make between Texas wool and that from other States of wool from registered animals would
be entirely fair to this State, for the reason that there are very few flocks of that character here, while in other States, as Vermont, New
York, or Ohio, you have quite a number to select from.

Moreover, stud flocks here have been only recently started, and quite naturally they did not originate from the very boat stock ol

Vermont, as breeders there would not part with their choicest owes, and it is against the wool from the produce of these that the samples
from Texas will come into competition.

I trust, however, that what samples I now send may be of some URO to you, and that I may learn in due time the result of your
Investigations, which I am sure would be of very great interest to the wool producers of this State.

The sheep from which these samples are taken were bred and raised in Texas from stock imported by myself from Vermont.

Yours, very respectfully,

I. D. KERAEY.
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FEBRUABY 38, 18*4.

r>i:.\n Sn: : Vnnr letter of tho 12th ultimo came to hand on the 19th. You wish us to Bend yon more wool samples. We will try and

comply with your request, but cannot furni-h them in tli amounts yon dosiro as onr Hock of thoroughbred Spanish Merino is small and
we are gelling onr bucks at yearlings. Have bat 7 two-year ohls abont twenty-five months old now on baud, and have ont a sample
of wool from each of them, ou the li-ft shoulder, about tho same place. Wo have 8 owes of tho ago of tho bucks. Cat a sample from each.

Four had no lambs this year and four arc suckling lambs about live weeks old.

Tin- sample* put up in white tissue paper have lambs, and four put up in roil paper have had no lambs. These two lots are about twenty
five mouths old. I have put you up another lot f right wool samples from thoroughbred Spanish Merino owes thirty-seven months old.

Tho four in u hit.' tissao paper nro nursing lambs five or six weeks old, and tho four in red paper have not had lambs this season. Tbo

box wo wnd j mi lias three lots of samples in it. After taking out tho samples a paper in tho bottom of each compartment describes the

am \Vo would have cut you larger namplcti, but it would have made oar sheep look so ragged, and the season of tho year is approaching
for buyers to conic around, and wo w ant our sheep to look as well as possible.

These, .samples oro "ij mouths' growth, and \ve could not cut them quite as close as though wo were shearing. When you write lot

us know how large samples you desire. There are no selected samples in this lot, as wo have given you all of each class.

Our sheep are in. .1 n. i '.' v. . i.iucha -. ! .-. 1-7:! in San Francisco, bred in Missouri from stock selected from tho Hammond stock

: and we i : ttum with the utmost care to bucks selected from reliable breeders in this State. Oar flock now

numbers :ilmt 80 !. .:>! > i yearlings and upward.
We- should like to comply with yur r. :, wo shear in May, with our grade samples, bat cannot comply with grade back

::is old. Tho (-.inn! trouble stares us in tho face as in our Merino family. We have so few backs of tho age

you wish >.iMt>:. iioin that it will hardly be a fair test. Tho ewe samples of tho ago wo can furnuh yon.

If yon ile.-iiv it \ve ean give you samples off our yearling bucks and yearling ewes in May, hot in tho fall wo may have disposed of

all onr yearling bucks.

a u.. v. hat to >!o liri'uro wo shear in May. Wo should like to sco this samples business better patronized. If we are tho

only patrons from California, we are taking the liberty of addressing men who are engaged in tho rearing of thoroughbred sheep in this

.1 your address, and asking them to furnish samples as wo arc doing, in hopes that yoa may got a wider field from which

; ,v your concln-

We ..muted at tli ng any statement of tho care and treatment of those sheep from which wo clipped our samples. The

backs 'd all winter without any shelter, except timber, and fed on no hay. Tho ewes without lambs received

bout tho sanir treatment, with the exception of a shed to go under in stormy weather. The ewes with lambs were sheltered every night

; u two months, ted hay and about one pint of oats for sis weeks, then one-half pint for tho other two weeks. Tho wool grows slow

on our sheep in winter, which makes onr samples short.

If you desire any other information, write us and we will cheerfully furnish it.

!v, yonrs,
BAECHTEL BEOS.

WILLIAM M>-Mn:T: :

Champaign, III.

WILLITS, MKNDOCISO COUNTV, CALIFORNIA, May 30, 1833.

r>r..u: SIR : Inclosed yon will find 15 samples of wool. Wo could forward no earlier, as the season for shearing was later. Wo just

1 last Saturday. Wo have labeled each bottle. Some of the labels might como off and wo have taken the extra precaution of

lumbering them on tho cork. Will givo tho grade of wool contained in each bottle:

No. 1. Yearling ewe
;
fifteen-sixteenths Merino, one-sixteenth Southdown.

No. 2. Yearling bock ; seven-eighths Merino, one-eighth Sonfhdown.
No. 3. Yearling back ; seven-eighths Merino, one-eighth Southdown.

No. 4. Yearling owe; seven-eighths Merino, one-eighth Southdown.

No. ft. Ewe, 3 years old; seven-eighths Merino, one-eighth Southdown; dam pore Merino; siro three-fourths Merino, one-

fourth Southdown.

No. C. Earn, 2 years old
;
three-fourths Merino, ono-fonrth Southdown.

No. 7. Ewe, 2 years old ; throe-fonrths Merino, one-fourth Southdown.

No. 8. Ewe, 5 years old; one-half Merino, one-half Southdown.

No. 9. Yearling owe ;
three-fourths Merino, one-half Shropshire, one-eighth Southdown.

No. 10. Yearling buck
; three-eighths Merino, one-half Shropshire, one-eighth Southdown.

No. 11. Yearling owe ; three-fourth? Merino, one-fourth Sonthdown.

No. 12. Ram, 4 years old ; thoroughbred Shropshire.

No. 13. Buck, 4 years old; thoroughbred Merino.

No. 14. Ewe, 4 years old ; thoroughbred Merino.

No. 15. Yearling back ; thoroughbred Merino.

Tho numbers 1, 2, 3, 4, 0, 10, 11, and 15 had an 8f months' growth of wool ; the numbers 5, 6, 7, 8, 12, 13, and 14, 8J months' growth of

Tho ram No. 12 was bred from imported sheep, by I. I). Hoyt, in Solano County, California; sire of Nos.9-10, Dana, three-

fourths Merino, one-fourth Sonthdown ; grade ewes. Our thoroughbred owes, 10 in number, were selected from tho Hammond & Atwood

k, in Vermont, and brought to this State by Jowctt and Honghton, in 1873. We bought them in February, 1873. That forms the

> of onr Hock. Wo have since infused two foreign crosses, ono in 1878, one in 1880. Tho ram bred to them in 1878-T9 was the son of

i Gold Drop sired Clay Kaum ;
sired Big Leg ;

sired Bam Boechcr. Dam, Holmes Beatty Fremont ; got Chief; got Beecher, sample

Bam bred by I. U. Strotcridgo, Haywards, Alameda County, California. He was sired by Teaser ; he by Young Victor ;
ho by

tor. From this flock wo selected our best rams, and m ado the different crops from which we obtained tho samples of wool,

wn flock was bred from sheep imported by I. D. Patterson and E. W. Meek, Alameda County, California. No. 13 wag sired

No. 15 was sired by Modoc. Tho ram bred by I. H. Stroteridge.

d locality for wool-growing, in Little Lake Valley, 1,400 feet above sea-level ;
about the central part of Mendocino

.'.ifornia, and about 25 miles by air lino to the Pacific Ocean.

hewools grown in this county and Hnmboldt are considered tho best product of the State. Little or no provision is made by the flock-

;ra for their sheep. Two or three months of onr winter is rather severe on onr stock. Our range is small one, 880 acre*. Wogivoour

i more care than our neighbors do theirs. Feed them a little hay in winter when we have snow-fall that covers the ground for two or



416 INTERNATIONAL EXHIBITION OP S1IEEP AND WOOL.

three days. Our Merinos have a shed with hay to run to for three months during the winter, in which they shelter themselves when the

weather is too inclement. The samples of wool are the natural growth. We shear our sheep twice a year, and aim to shear in May and

September, an eight mouths' winter clip and four months' summer. Our annual averages of fall and spring clip have been as follows:

Southdown ewes, when wo bred them to start our flock of Crossbreeds 4.49

First cross, one-half Southdown, one-half Merino 7.86

Sccoud cross, three-fourths Merino, one-fourth Southdown - 11.22

Third cross, seven-eighths Merino, one-eighth Southdown 11.06

Fourth cross, fifteen-sixteenths Merino, one-sixteenth Southdown 10.70

The cross from the thoroughbred Shropshire and three-fourths Merino ewo 9.14

After breeding the second cross with Merino bucks our wool was complained of by the buyers as being too yolky and gummy. We
then selected our lightest-fleeced white-wooled Merino rams, and bred the third cross with them. Their progeny fell -f-fc below the

previous one, and the fourth cross -ffy below the second. In the first year the bucks' fleeces of the second cross averaged 19-iViT pounds.

In the third cross they averaged 16-ffi; pounds, and in the fourth cross 15 pounds. You will notice wo went back a little each cross by
materially diminishing the weight of our bucks' fleeces. As we approached the Merino, our wool shortened and became finer. Wo are

now working with a cross of Shropshire in our flock, in order to increase the weight of the carcass of our sheep and lengthen their wool.

You will notice the first cross between our Merinos and Southdowns gave us 71
a a- pounds of wool. The first cross with our Shropshire,

Merino, and Southdown gave us 9-^fo pounds, with one-eighth less Merino than our first cross had, and a much larger and more vigorous

sheep.

Wo have given you these results hoping they may aid you in the investigations you are making. We have kept a complete record

of onr lines in breeding in order to find out what we were doing. The three-fourths-bred sheep, in our judgment, have given us the best

results thus far. We design bringing up our Shropshire cross to a three-fourths standard and see what the difference will be in length of

staple, quality of wool, size of sheep, motherly qualities, &c. Our only way to obtain results is to average our different grades. Tho
first year we secure the lamb fall clip and spring shearing, and use our judgment on quality of wool, which is rather precarious with the

naked eye. We are much gratified that we shall now have an opportunity of more definitely arriving at conclusions after your investi-

gations are made. We are in the beginning of our breeding, having taken "Youatt's" standard of the measurements of fibers of wool to

the lineal inch. In 1835 he gave the thoroughbred Merino at 750 and the Southdown 660. The patent plodding teuton ascertained that

48,000 fibers grew on a square inch of skin of their finest Merino. The Germans, in their crosses between these coarse-wooled sheep with
but 5,500 fibers, increased the number of fibers 1,075 each cross. Assuming that our Southdown had 31,114 and the Merino 48,000, our
one-half breed cross, 32,189 ;

three-fourths cross, 33,264 ; seven-eighths cross, 34,339 ;
fifteen-sixteenths cross, 35,414, it would take 15 crosses

to bring us up to the pure Merino standard. We approach it faster in general form than we do in quality of wool. Since the time of

Yonatt's writing our Merinos have greatly improved -in fineness.

The late Manly Miles, president of the Agricultural College of Michigan, measured fibers of wool he obtained at the World's Fair at

Philadelphia that ran up as high as 1,500 fibers, and Southdown 750 fibers, to tho lineal inch.

We have sent you some samples of our thoroughbred Merinos in order to ascertain how we stand in regard to fineness with other

localities.

No record of Shropshire fibers, in all the works we have read, have been given.
If there is any information you want that we have not given we conld perhaps furnish it from our record of sheep-breeding of nine

years' practical experience.

The samples furnished have all been taken from the shoulder of the sheep. When shearing we take samples from about the same
place on each sheep.

Very respectfully, yours,
BAECHTEL BROS.

WILLITS, MENDOCINO COUNTY, CALIFORNIA, April 2, 1884.

DEAR SIR: Your letter of March 12, acknowledging tho receipt of our wool samples. We were sorry we could not send you a
better assortment, but they were all of each class of that age of sheep wo had ou hand.

In onr spring shearing in May we can send you more grade samples. You stated that wool samples taken from sheep between 2
and 3 years old were the kind you desired. We can send you ewe samples of that age, but not of bucks, as we have only 5 that are 3

years old and 4 that are 2 years past. But these would not be a fair sample of the flock, as the best of the bucks have been sold, and
these arc only the least valuable.

If you will accept yearling backs and ewo samples, we can furnish you with the following varieties this spring :

Three-fourths Merino, one-fourth Southdown : Bucks and ewes, twenty of each.
Nine-sixteenths Merino, four-sixteenths Shropshire, three-sixteenths Southdown : Bucks and ewes, twenty of each.

Three-eighths Merino, four-eighths Shropshire, one-eighth Southdown: Small variety of each.
One-fourth Merino, four-eighths Shropshire, two-eighths Southdown : Bucks and ewes, twenty of each.

tf you want these varieties, please let ns know. Are the samples last sent you large enough t

Wo have kept a complete record of average weight of fleece of our different grades of sheep each shearing, and have made annual
averages covering a period of nine years, in order to note our progress as we approached the Merino. It approximates results, but not
absolute conclusions, as seasons are not alike, and this makes the difference of.weight of fleece. The nearer you approach the thorough-
bred Merino, the greater the loss in fleece weight when wo have a cold and backward spring.

Our table shows

(1) Number of days between annual shearings.

(2) Number of sheep shorn.

(3) Average price of wool sold at the county seat of onr county.
(4) Net returns per head.

(5) Average weight of fleece of Merino bucks bred.

(6) Weight of different grades.

(7) Average per cent, of lambs.

If this would be any advantage to you, and yon desire it, we will send you a copy, or any other information yon desire. Are pleased
to hear you are giving the grade Down families your close attention.

Yours,

BAECHTEL BROSk
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WIU.IK (LITTLE LAKE VAI.I.I-.YI, MKNI.OCIV, C.H-NTY, CALIFORNIA, May 27, 1884.

SIR: Wo have at last boon able to fulfill your request for wool samples. Inclosed you will find nine packages, of ten samples each

with their respective grades marked thereon.

W,. could not comply with your request of twenty samples from each class, aa in some of the classes furnished we did not have twenty
sleep Hi" i hat class, and concluded to make it uniform and send but ten of each class.

In one-half Merino and one-half Southdown ewe samples, seven years old, we did not have bucks to get samples from. Also in the

ton ewe samples, three-fourths Merino and one-fourth Southdown, between three and four years old, we did not have bucks of the corre-

sjHinding age to get samples from.

We bred these ewes, the last description, by two crosses of the Southdown ewe and progeny to thoroughbred Spanish Merino bucko.

We carried that line of breeding two crosses higher ;
were not pleased with it, as it shortened the staple, reduced tho site of the carcass,

lessened the How of milk, nearly entirely destroyed tho motherly qualities of the Sonthdown, with much lighter percentage of lambs.

Lambs more feeble and delicate, &c.

Last year we sold all grades above :i ilinv-t'uiirths Merino and one-fourth Sonthdown. la order to hold that grade we selected our

best bucks from tin- thrrc-fourths grade Hock and bred them to our three-fourths owes, and the three-fourths yearling hack and owe

samples furnished you now are tho result < it" that line of breeding.
Just as Kim. in- did in perfecting his Southdown flock in England. We are pleased with it as far as we have gone and can see no

deterioration in carcass, rather an improvement ;
n little less in average weight of fleece. We have had rather a peculiar season, very

cold and late spring ;
no chance for the animal to get a large amount of yolk or grease in the wool. We do not consider it a fair test. Will

yon be kind enough to have a minute examination made with that end in view, whether yon can detect any peculiarity, differing from

the ten samples furnished you from the same class of ewes one year oldert

Our sheep arc all lambed in the month of February each year, and you will please notice on the label yearling means sheep one year
old lost February, Ac. The samples furnished are a growth of wool of eight months and five days. Wo will send yon our tabulated state-

ment of ten years' experience as soon as we can prepare it. We are somewhat busy just now. Hope everything may prove satisfactory.

If anything is not clear to your mind, write and we will endeavor to explain. Please acknowledge receipt.

Respect fullv, yours,
DAECHTEL BROS.

WILLIAM McMi'RTUiK, Champaign, III.

[Baccbtel Brothen, breeders of thoroughbred and graded sheep, 'WI11IU, Vendoclno Connty, California.]

JUNE 9, 1884.

DEAR SIR: Yon desired a statement of our wool-growing experience, which covers a period of nine years.
We commenced by crossing the thoroughbred Merino buck and Sonthdown ewe; we ran in that direction four crosses; endeavored

to ascertain, by weighing and averaging our different grades of wool, what progress we were making, which has not given us very

satisfactory results.

We are convinced that seasons have their influence on the growth of vegetation, their variance producing variable wools.

In regard to fineness, length of staple, amount of yolk (which is a very essential element to its perfection ; yolk is generally considered

tho pabulum or base of wool) ;
we could only ascertain by weighing each shearing of the different wools shorn and averaging the two

shearings to make an annual average.
Our seasons being variable gave us variable results. By referring to onr table you will notice our one-half and three-fourth averages.

The first year of each made quite a departure from the Sonthdown family in average weight of fleece. Tho other two crosses, seven-eighths
and fifteen-sixteenths, did not give us such marked results.

You will have to take into consideration we were breeding lighter fleeced thoroughbred bucks since 1879. We concluded that year
that our bucks had too much black top, yellow yolk, and grease. We then songht for bucks with long staple, white yolk, and as free

from grease as possible (pretty hard to find in Merino), and as free from wrinkles.

In the buck column you will notice a gradual reduction. From that time until in 1882 we fell to 14 pounds average. The next year
we bred grades as well as thoroughbred buck, an average of 13 pounds ;

and the present year, ending in tho spring, we bred grades and

one thorough hred buck, averaging a little above 14 pounds.
We will give yon the whole table and yon can use just such ports as yon wish.

The following is the table above referred to:

Fall and apring.

M7
HI

Mlm

245
408
519m
514
637
Ml
HIm
711

PMM*

5! 49
6.19
7.11
a67
7.08
a 74
a 14
> :>:

LM

" -' ;

10:2
Z3.5
M.
21.4
:.'.. r,

20.4
SLI

158

"3
1 28
1 22
178
1 M
104
1 88
1 48
1 10

10.4
17.4
17.0
19.2
18.5
15.0
14.0
13.0
14.0

20
76
112M
228
115
53

4.48
4.48
4.50

Pouivtf. Pound*.
4.60

7.86
7.57
7.81
7.86
6.61
6.31
6.81
8. 7.1

6.12

11.22
10. -ia

a 78
a 12
S. 52
S.H
s. --'

Pound*. Pounii*. Pi

11.06
a 75
8.44
10.05 10.87 8.14

,- a 8.44

7Vi.-if /'. !*

"8

ii

to
84
7

70
If I

75
55
M
M

S. Mis. 392 27
Seren grade, IMeriDO.
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Onr market for wool during that time was Ukiah City, Mendociuo County, California, 21 miles south of us. A column shows tho

annual amount sold for. Another, net returns per head after deducting shearings, sacks, sacking, twine, salt, hauling to Ukiah City, all

expenses deducted except grass and care. You will notice the influence on the price of the last year, being nearly what the tariff took

off, and would be fully so if we had not made a lucky sale this spring.

We felt our inability to arrive at correct conclusions by this method, as the fineness of tho fiber, and its felting properties cannot be

determined in that way, or any close distinctions made, except by carrying qualities in your eye. The length of staple can bo determined.

We were much pleased when you so willingly accepted our offer of sending you samples, and hope after they are examined and

reported upon to have moro definite data to guide us in our future breeding.

In 1881 wo commenced infusing Shropshire blood in our flock and are gradually working it through. We found the one-half and

three-fourths crop between the Merino and Southdown, gave us very satisfactory results. It improved the length of staple of either

parent variety, and largely increased weight of fleece. From the Southdown ewe we had largo robust sheep. The other two crosses,

seven-eighths and fifteen-sixteenths, did not give us much increase of fleece, diminished size, precocity, motherly qualities, and effeminacy.

We found we had gone too far in that direction and last year sold off all the ewes we had above a three-fourths grade.

In tho infusion of Shropshire blood, as far as we have gone, the result has been very satisfactory. It is giving us a largo framed and

somewhat compact sheep, with quite an increase of length of staple and motherly qualities, unsurpassed by the Southdown.

Good milkers wo have considerable to contend with, as most of our flock-masters around us have quite a prejudice against the Down
families. They consider they lose the wool on their bellies earlier in life than many other varieties. Wo rebut it by saying nature never

intended a good flock-master to keep sheep beyond their prime. Wo are gradually wearing out tho prej udico by their personal observation,

and using some of our grade bucks in their flock. All wo ask is to give them a fair trial. Wo are satisfied that if the Down families are

not run too far into tho Merino, they are the most desirable for our locality as large sheep.

Our system of rearing and care of sheep is different from older settled States. A largo portion of our State is mountainous and adapted
to no other class of stock as well as sheep. In fact largo portions of it would be entirely useless if not used for sheep.

Our original stock of sheep wore procured from Mexico, and they were a sorry lot. Early stock-masters in this State tried to

improve them, or rather their progeny, by using grade Merino bucks. Their progress was slow, as there was no certainty the direction

this progeny would take, as there were as many varieties almost as there were sheep, and being bred so long in that haphazard way,

many became discouraged and quit tho business. With grade bucks, unless they are pretty highly bred, their progress is slow. The

improvement of the wool is taken on by degrees, and does not keep pace with the blood crosses which deceives many persons.

At the commencement of our sheep business wo bought all tho standard authors on sheep ;
read them

; applied as many of their

suggestions as wo could make practicable. Most sheep authors are theorists, in a measure. We started with Youatt who, in 1835, made
measurements of wool fiber from an English thoroughbred Spanish Merino buck. lie measured 750 fibers to the lineal inch. Tho Germans
counted from 40,000 to 48,000 fibers on a square inch of skin from the same class of sheep. Youatt also counted the number of fibers to

the lineal inch in the Southdown, making it 660. By calculation we find one-fourteenth of the space of the square inch occupied|by the fiber.

According to German experiments, by crossing tho thoroughbred Merino ram on their coarse sheep, upon which they counted 5,500

fibers to the square inch, by repeated crossings of these two varieties and their progeny on thoroughbred Merino rams, they found the

increase of fibers to the square inch was 1,075.

Assuming when we commenced our cross-breeds each cross increased the number of fibers 1,075, it would take 15 crosses to breed np
to tho Merino standard.

Tho late Manly Miles, in his work entitled " The Art of Stock Breeding," made measurements of Spanish Merino wool fibers in 1876

from different parts of the world, and found they varied from 1,150 to 1,500 fibers to tho square inch. He also counted upon tho Southdown
850 fibers to the square inch. Our climate, good judgment in crossing tho pure varieties of Spain, have made a marked difference in the

improvement of their wool and carcass, but not the difference shown. We reluctantly come to the conclusion that Youatt must have been
mistaken in his measurements. Wo are located in a favored locality for the production of sheep and wool unsurpassed by any other in

tho State, at least so wool buyers say.

As we said before, we expect to be aided by your examination. Tho wool interest in tho United States is a largo one, and to think
that our State produces about one-eighth of tho wool grown in it, wo regret very much that more interest is not taken in tho industry by
practical men.

If we could have furnished weights of carcass with our wool samples, it would have been more satisfactory. Some three-year old

three-fourths bucks wo sold. At yearlings, parties took the pains to weigh them
; they weighed from 108 to 198 after they were shorn,

and their spring fleeces of 8 months' growth gave us an average of 9 pounds.
We could write more, as you will perceive from the pains we have taken. It is our favorite theme.
We have an ear-mark for each grade ; just before shearing they are separated, shorn, and their wool weighed and averaged in their class,

which is the reason why wo could not attend to weighing the carcass. We are coming along with a few sheep that we expect much from
as wool yielders; they are lambs of last February. They are one-half Shropshire, one-half thoroughbred Merino. Tho father Shropshire
and the ewe Merino but one remove from the Merino family. We propose to cross them with thoroughbred Merino buck, which will

give us three-fourths Merino, one-fourth Shropshire ; and cross the Merino ewe with the one-half Merino and one-half Shropshire lambs,and make a three-fourths Merino, one-fourth Shropshire. If we have not explained anything you desire, please let us know, and we will

try and do so.

We hope you have received our last batch of wool samples.
Very respectfully, yours,

BAECHTEL BROS.

In addition to these letters, cacli series of samples -was as a rule accompanied by a statement with regard to

the conditions governing the production of the wool. The information contained in the statements thus furnished
is collated in the catalogue of samples given below. We have arranged the catalogue somewhat according to the

geographical distribution of the sections represented; beginning with Vermont and proceeding westward, the
States are named in the order in which they are met, nearly.A great many facts and conditions are set forth in this catalogue concerning the samples we have examined
that wo cannot undertake in this report to discuss. The relations of these facts to the results we present in our
tables will furnish material for profitable study in many ways, and we can only express regret that they must be
passed without further notice at the present time.
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CATALOGUE OF SAMPLES.

VERMONT.

liAMS.

! -'">. Bred by IT. S. Brookina, Shoreham, Vt. Age, '.!.! months. 1'lcece, 10 months' growth. Vermont register H. 8. B. 228. Sire, Bip
Van Winkle, Vermont register 035 ; dam It. 8. B. :>,', Vermont register 534

j grand-dam, a Robinson ewe.
>'.. Ilred l.y K. A. Bin-hard, Mum-ham, Vt. Owned by ('. II. Jt J. A. James, Middlebury, Vt. Ago, 34 months. Fleece, 10 month*"

growth. Vermont register K. A. I'. :.-, Kip Van Winkle, Vermont register 535 ; dam, a Robinson owe bred by E. A.
llin hard.

No. 530. Bred by T. Stickuey & Son, East Shoreha; ,<:, 34 months. Fleece, 10 months' growth. Vermont register T. 8. &. Son
Oil. Sir.'. T. S. A Son 111, Vermont register ll'M

; dam, an owo of the old Stickney flock.

No. 533. Bred 1> . :il months. Fleece, 10 mouths' growth. Vermont register H. 8. B. 20C. Sire, Rip
Van Win! . Dam bred by II. S. Brookiu. Siro, H. S. B. 32, Vermont register 634. 2d dam,
Robinson ewe broil by 8. f. Remelo, Kichvillo, Vt.

!. Ilrnl by V. Kieh, Kiehville, Vt. Ae, -M inoutho. Fleece, 9} months' growth. Vermont register J. T. & V. Rich 475. Sire,
Brol 'lit register 639; dam, by Banker, Vermont register 471

; grand-dam, an owo of the old Rich flock.

No. 6" ; Shorchnin, Vt. Age, 34 months. Fleece, 10 months' growth. Vermont register T. S. &. Sou
601. Siro, Hopeful aont register G40. Dam, one of the old Stickney flook of old owes bred by T. 8. & Son.

No. 537. Bred by T. Stirkney & Son, East Shoreham, Vt. Age, 34 months. Fleece, 10 months' growth. Vermont register T. S. ibSon
60C. Sire, Hopeful, Vermont register 1120. IJani brod by T. 8. & Son.

No. 540. Bred by A. II Habitant, Whitney, Vt. Age, 33 months. Fleece, 10 mouths' growth. Vermont register A. H. Hubbard 200, or
At \vood ram Loader. Sire, Jason, Vermont register 201. Dam bred by A. H. Hubbard

; sire, Hooker's Wrinkloy, Vermont
register 252. Grand-dam, an Atwood ewe, brod by A. H. Hubbard. (This ram sheared 34J pounds from 94 pounds carcass,
Mood fleece. First and second fleeces shorn in public. Last fleece, 3G6 days' growth. )

red by H. S. IJrookin, Kiehville, Vt. Age, 22 months. Fleece, 10 months' growth. Vermont register H. 8. Brookin 228. Sire,

Banker, Vermont register 471 ; dam brod by H. S. Brookin. Sire, II. S. Brookins 32, Vermont register 534
; grand-dam,

Robinson owe.

; -. l!rr<l by I.. S. Dim-, ill. I'.ri.lport, Vt. Age, 35 months. Fleece, 11 months' growth. Vermont register (1058) L. S. Burwell
84 ; Atwood and Robinson blood.

No. 554. Bred !> H. 0. Burwell. Age, 35 months. Fleece, 11 months' growth. Vermont register H. C. Burwell 195 ; (second Vermont
ster 1027). Sire, H. C. Burwell, 157 ; Vermont register 1022; dam, Atwood and Robinson blood.

No. 555. Bred by Lyman Clark, Addison, Vt. Age, 35 months. Fleece, 104 months' growth. Vermont register Lyman Clark 70. Sire,

Moot*, Vermont register 495 ; dam bred by L. Clark ; sired by L. P. Clark's Block Top, Vermont register 463. This ram is a

pure Atwood, and sheared 28 pounds last fleece, or second fleece.

Ho. 5f>3. Bred by L. T. Clark, Addison, Vt. Age, 21 years. Fleece, 11 months. Vermont register L. P. Clark 192. Sire, Moses, Ver-
mont register 495

; dam, L. C. C., Vermont register 5. Sired by C. K. Head, Vermont register 182 ; pure Atwood ram.
:. Bred by Albert Chapman, Middlebnry, Vt. Age, 21 months. Fleece, 94 months' growth.

EWES.

No. 522. Bred by H. S. Brookins, Shoreham, Vt. Age, 34 months. Fleece, 10 months' growth. Vermont register H. 8. B. 188. Sire. Rip
Van Winkle, Vermont register 535 ; dam, a Robinson owe.

:. Bred by H. S. Brookins, Shoreham, Vt. Age, 34 months. Fleece, 10 months' growth. Vermont register H. 8. Brookins 184.

Sire, Banker, Vermont register 471 ; dam bred by H. S. B. Sire, H. 8. Brookins 32, Vermont register 534
; grand-dam, Rob-

inson ewe. (This ewe raised lamb last season.)
I. Bred by J. Stickney, East Shoreham, Vt. Age, 34 mouths. Fleece, 10 months' growth. Vermont register T. 8. & Son. Sire,

Hope-full, Vermont register 1120; dam brod by T. 8. &. Son.

: .Bred by E. Stickney & Son, East Shoreham, Vt. Age, 34 months. Fleece, 10 months' growth. Vermont register T. S. & Son
528. Sire, Hopefnll, Vermont register 1120; dam bred by T. S. & Son.

-. Bred by E. Stickney & Son, East Shoreham, Vt. Ago, 34 months. Fleece, 10 months' growth.
>. lired by II. S. Brookins, Richville, Vt. Age, 34 months. Fleece, 10 months' growth. Vermont register H. 8. Brookins 190.

Sire, Rip Van Winkle, Vermont register 535
; dam, a Robinson ewe. (Raised a lamb last season.)

Ho. 531. Bred by H. S. Brookins, Richville, Vt. Ago, 34 months. Fleece, 10 months' growth. Vermont register H. 8. Brookins 189.

Sire, Rip Van Winkle, Vermont register 535 ; dam, a Robinson ewe. (Raised a lamb last season.)
.'.Bred by Stickney & Son, East Shoreham, Vt. Age, 34 months. Fleece, 10 months' growth. Vermont register T. 8. it Son

556. Sire, Uopefull, Vermont register 1120 ; dam bred by T. S. & Son.
No. 53C. Bred by A. Chapman, Middlebury, Vt. Age, 33 months. Fleece, 10 months' growth. Sire, O. and E. 8. Hall 162, Vermont

register 102S
; dam, one of old Atwood flook, owned by George 8. Atwood, son of Steven Atwood, who gave the Atwood

name to the family.
-.Bred by A. H. Hubbard, Whitney, Vt. Age, 34 months. Fleece, 10 months' growth. Vermont register A. H. Hubbard 145.

Sire, A. H. Hnbbard 56, Vermont register 883; dam, on Atwood ewe, bred by A. H. Hubbard.
'.Bred by A. II. Hubbard, Whitney, Vt. Age, 34 months. Fleece, 10 months' growth. Vermont register A. H. I lubbard 188.

Sire, Jason, Vermont register 201 ;
dam bred by A. H. H. This ewe is Atwood blood.

No. 541. Bred by Dean &. Jennings, West Cornwall, Vt. Owned by A. H. Hnbbard, Whitney, Vt. Age, 34 months. Fleece, 10 months'

growth. Vermont register D. &. J. 75. . Sire, Jason, Vermont register 20f; dam bred by E. 8. Stowell (deceased), Cora-

wall, Vt.
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No 542 Bred by A. Chapman, Middlebury, Vt. Age, 21i months. Fleece, 10 months' growth. Vermont register A. Chapman 43. Sire,

Rip Van Winkle, Vermont register 535; dam bred by A. Chapman 23. Sired by Bismarck, Vermont register 221; grand-

dam, an Atwood ewe, bred by S. \V. Eemele, Rip Van Winkle. Sheared (365 days' growth), 38ft pounds. Sixth fleece, Bis-

marck, sheared (3G5 days' growth), 324 pounds. Fourth fleece received grand sweepstakes at Centennial as best merino ol

auy age. A. C. 23 sheared 15 pounds, second fleece.

No 544. Bred by L. P. Clark, Addison, Vt. Age, 35 months. Fleece, 11 months' growth. Vermont register L. P. Clark 231. Sire,

Moses, Vermont register 495
;
dam bred by L. P. C. Sired by Vigor, Vermont register 209. Second dam bred by L. P. C.

;

sired by Green Mountain, a pure Atwood, and an extra good one.

No. 546. Bred by L. S. Burwell, Bridport, Vt. Age, 35 months. Fleece, 11 months' growth. Vermont register L. S. Bnrwell 94. Sire,

L. S. Burwell 22, Vermont register 525
;
Atwood & Robinson blood. These L. S. Burwell ewes, sheared from 16 to 20 pounds,

second fleece.

No. 547. Bred by L. S. Burwell, Bridport, Vt. Age, 35 months. Fleece, 11 months' growth. Vermont register L. S. Burwell 98. Sire,

L. S. B. 22, Vermont register 525 ;
Atwood & Robinson blood.

No. 548. Bred by L. S. Burwell, Bridport, Vt. Age, 35 months. Fleece, 11 months' growth. Vermont register L. S. Burwell 96. Siro,

L. S. Burwell 22, Vermont register 525
;
Atwood & Robinson blood.

No. 549. Bred by F. H. Eldridge, Bridport, Vt. Age, 34 months. Fleece, 11 months' growth. Vermont register F. H. Eldridgo 33.

Sire, L. S. Burwell 22, Vermont register 525. Atwood & Robinson blood.

No. 550. Bred by L. M. Rockwood, Bridport, Vt. Age, 34 months. Fleece, 11 months' growth. Vermont register 4. Sire, L. S. Burwell

22, Vermont register 525
;
Atwood & Robinson blood.

No. 551. Bred by L. M. Rockwood, Bridport, Vt. Ago, 34 months. Fleece, 11 months' growth. Vermont register L. M. Rockwood 8.

Sire, L. S. Burwell 22, Vermont register 525
;
Atwood & Robinson blood.

No. 552. Bred by L. S. Burwell, Bridport, Vt. Age, 35 months. Fleece, 11 months' growth. Vermont register L. S. Burwell 100. Siro,

L. S. Bcrwell 22, Vermont register 525 ;
Atwood & Robinson blood.

No. 553. Bred by L. M. Rockwood, Bridport, Vt. Age, 34 months. Fleece, 11 months' growth. Vermont register L. M. Rockwood, 5.

Sire, L. S. Burwell 22, Vermont register, 525
;
Atwood & Robinson blood.

No. 556. Bred by Lyinan Clark, Addison, Vt. Age, 33 months. Fleece, 11 months' growth. Vermont register Lyman Clark 76. Sire,

L. P. Clark's 165; dam bred by Lyman Clark, sired by general Vermont register 210. 2d dam bred by L. C., sired by Kilpat-

rick, Vermont register 71
; pure Atwood.

No. 557. Bred by H. C. Burwell, Bridport, Vt. Age, 38 months. Fleece, 11 months' growth. Vermont register H. C. Burwell 212.

Sire, H. C. Burwell 157, Vermont register 1022
;
Atwood & Robinson blood. (NOTE. This ewe's 2d fleece weighed 20J

pounds. Her sire is No. 7 in list of measurements, 2d volume, Vermont register.)

No. 558. Bred by H. C. Burwell, Bridport, Vt. Age, 33 months. Fleece, 1L months' growth. Vermont register H. C. Burwell 204.

Sire, H. C. B. 157, Vermont register 1022
;
Atwood and Robinson blood. Sire is No. 7 in table of measurements in second

volume, Vermont register.

No. 559. Bred by C. P. Morison & Son, Addison, Vt. Age, 34 months. Fleece, 11 months' growth. Vermont register C. P. Morison &
Son 157. Sire, H. C. B. 157, Vermont register 2022

;
Atwood & Robinson blood.

No. 560. Bred by C. P. Morison & Son, Addison, Vt. Age, 35 months. Fleece, 11 months' growth. Vermont register C. P. Morison &
Son 158. Sire, H. C. Burwell 157, Vermont register 1022 ; Atwood & Robinson blood. (NOTE. This ewe sheared 20| pounds
second fleece. Her sire is ram 7 in table of measurements in Vermont register, second volume.)

No. 561. Bred by L. P. Clark, Addison, Vt. Age, 35 months. Fleece, 11 months' growth. Vermont register L. P. Clark 224. Sire,

Moses, Vermont register 495
; dam, L. P. C. 24. Sired by general Vermont register 210. Second dam L. P. Clark 12. Sired

by Kilpatrick, Vermont register 71. (NOTE. This ewe is pure Atwood.)
No. 562. Bred by Lyman Clark, Addison, Vt. Age, nearly 3 years. Fleece, 10 months' growth. Vermont register Lyman Clark 82.

Sire, Moses, Vermont register, volume 1st, 495. Dam bred by L. C. Sired by L. P. Clark, Black Top, Vermont register 463.

(NOTE. This ewe is pure Atwood.)
No. 424. Bred by Albert Chapman, Middlebury, Vt. Age, 21 months. Fleece, 94 months' growth.

NEW YORK.

RAMS.

No. 669 to 678 inclusive. Bred by William G. Markham, Avon, N. Y., and No. 32 Powers Block, Rochester, N. Y. Age, 2 years. Fleeces
of loose and medium density.

No. 691. Bred by William G. Markham, Avon, N. Y. Age, 2 years. Vermont register D. & J. 220. Dense fleece.

No. 692. Bred by William G. Markham, Avon, N. Y. Age, 2 years. Vermont register 377. Loose fleece.

No. 693. Bred by William G. Markham, Avon, N. Y. Age, 2 years. Vermont register 469. Dense fleece.

EWES.

No. 679 to 684 inclusive. Bred by William G. Markham, Avon, N. Y. Age, 2 years. Loose fleece.

No. 685. Bred by William G. Markham, Avon, N. Y. Age, 2 years. Vermont register 237.
No. 686. Bred by William G. Markham, Avon, N. Y. Age, 2 years. Dense fleece. Vermont register 236.
No. 687. Bred by William G. Markham, Avon, N. Y. Age, 2 years. Dense fleece. Vermont register 254.
No. 688. Bred by William G. Markham, Avop.N.Y. Age, 2 years. Dense fleece. Vermont register 234.
No. 689. Bred by William G. Markham, Avon, N. Y. Age, 2 years. Dense fleece. Vermont register 244.
No. G90. Bred by William G. Markham, Avon, N. Y. Age, 2 years. Dense fleece. Vermont register 239.
No. 694. Bred by P. and G. F. Martin, Rush, N. Y. Age, 2 years. Vermont register 313. Thin, light fleece, (a) shoulder; (6) arm?

(c) belly.

No. 695. Bred by P. and G. F. Martin, Rush, N. Y. Age, 2 years. Vermont register 311. Very thick fleece, (a) shoulder; (ft) arm;
(c) belly.

No. 696. Bred by P. and G. F. Martin, Rush, N. Y. Age, 2 years. Vermont register 282. Very thick fleece, (a) shoulder; (6) arm;
(c) belly.

No. 697. Bred by P. and G. F. Martin, Rush, N. Y. Age, 2 years. Thin, light fleece, (a) shoulder; (1) arm; (o) belly.
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PENNSYLVANIA.

IJAMS.

'..Bred by Robert Perrii >n'i Mills, Washington County, Pa. Age, 3 years. Weight of fleece, 23 pounds. Vermont
MI r .".!'.>. Aries. Atwi| Metino.

'
. r.r.-d

1,;.

-

i: ..her; r. - r .i. . .-. < ::ity, P;i. Age, 3 years. Vermont register 654.

ister 765.

Vermont, register Loo 714. Weight of lleece, 33 pounds.
r 777.

. Vermont register 694.

r. Weight of first flecco, 19 pounds. Vermont register 801.

met 35. (Sample taken out after ho died, in March; 10

700.

(Shorn 25th of

70. Hreil l.y Ruben IVi.

Perrine, i
. Mills, I'.i.

77. lircil
'

. '.V Robert IVllil.e. 1

:.>. P.rcd i Mill.-, l'u.

.h's \\... 1. Threu l" .pounds.)
. 10 months. Vermoi! 700.

No. 5-;>7, inclusive. - l',i,,l l.y. I, ,1m (i. Claik, Tolc-i!i>, Washington County, l'imisylvanin. Age, between 2 and 3 years.

ui 1'rliruary -. 1--I. Si\...i M.riin) samples.)
No. 779. Bred by J. C. MoNary. I .:ie Meiiim. iSont by J. McDowell, Washington, Pa.)

''<. Iln-il l.y Robert IVrrine. 1'iit tenon's Mills, Pa.

l.y Kol'i i

-

1'. rn;:i-. i

-oil's Mil!

71. lired by I,'..lie:t I'e. i -. e, 1'aili i-"i:'s Mills, I'a.

7.".. I'.r. (1 l.y lt'.l..'1't 1'riinie. Patterson's Mills, Pa.

uliert Perrine, Patterson's Mills, Pa.

No. 5*1. Bred by Robert i', nil e. Patterson's Mills, Pa,

KWE8.

years.

Age, 4 years.

Weight of fleece, 14 pounds. Vermont register 400.

,
1 year's growth. Weight of fleece, 21 pounds. Vermont

Age, 8 years. Weight of fleece, 16 pounds.

AKP
>
G yeaia. Weight of fleece, 21 pounds.

Ago, 5 years. Weight of fleece, 13 pounds.
l.jiinb. Vermont register IHKi.

Age, 1 your. Vciii'.uiit register (188.

Vermont register 416.

Vermont register 761.

Vermont register 367.

Vermont register 701.Ago, 3 \ i-ars. W< ight of lleece, 17 pounds.
:M\T. I'.n-il by J. G. Clark, Toledo, Washington I'ount.v, Pi-nnsylvania. Ago, uncertain. Fleece, &t months' growth.

No. 772-77:1

,
inclusive. Urcd by J. C. McNary. Age, 2 years. Delaine Merino. Sent by J. McDowell, Washington County, Pa.

WISCONSIN.

BAMS.

No. 72-1. I!n a by C. M. Clark, AVhite.water, Wis. Age, 2 years. 1st fleece, 15J pounds.
..-lired by C. M. Clark, Whitewater, Wis. Weights of fleeces: 1st, 16 pounds; 2d, 25J pounds; 3d, 26^ pounds.

lusive. Bred by S. Brooks, Whitewater, Wis. Thoroughbred Spanish Merino. Sheared June 1, 1883.

. Age, 4 years.

No. 7-JT. Age, 3 years.
J years.

No. 7-JO. Ago, 2 years.

No. 730. A;;.-, 3 years.

No. 731. Age, 4 years.

No. 732. Ago, 3 yearn.

No. 733. A^e, 2 years.

No. 734. Age, 2 years.

No. 735. Age, 2 years.

No. 7:itV-7.|0, inclusive. Bred by F. W. Kratt, Whitewater, Wia. Registered in Wisconsin, Spanish Merino registry.

:. Age, 1 year.

No. 7:t7. ARC, 1 year.

No. 7:i^. Ago, 1 year.

::!U. Ago, 2 years.
T 40. Ago, 3 years.

No. 747-7")l, inclusive. Bred by H. H. Cobb, Whitewater, Wis. Ago, 1 year.

., inclusive. Bred by Charles R. Qibbs, Whitewater, Wis. Age, 2 years. Sheared May 10, 1883.

-7i",i, inclusive. lired by A. Cook & SOILS, Whitewater, Wis. Age, 2 years. Samples cut from the shoulder. Puro Spanish
Merino. Vermont and Wisconsin State register.

EWES.

Sheared May 12, 1883.

Sheared May 12, 1883.

No. 6->. r.red by Charles R. Gibbs. Ago, 2 years.
red by Charles R. Gibhs. Age, 2 years.

No. 700. Bred by Charles R. Qibbs. Age, 3 years.
I. llred by Charles R. Gibbs. Age, 3 years.

inclusive.- -lircd by S. Brooks. Thoroughbred Spanish Merino.

\ ears.

> ears.

> ears.

years.

Sheared Juno 30, 1883.
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No. 706. Age, 3 years.

No. 70T. Age, 3 years.

No. 70S. Age, 2 years.

No. 709. Ago, 2 years.

No. 710. Age, 2 years.

No. 711. Age, 3 years.

No. 712. Ago, 4 years.

No. 713. Ago, 3 years.

No. 714. Old.

No. 715. Old.

No. 716-723, inclusive. Bred by C. M. Clark. Age, from 3 to 5 years. Weight of fleece, from 12 to 19J pounds.

No. 741. Bred by F. W. Fratt, Whitewater, Wis. Ago, 1 year. Registered in Wisconsin.Spanish Merino registry.

No. 742. Bred by F. W. Fratt, Whitewater, Wis. Age, 1 year. Registered in Wisconsin Spanish Merino registry.

No. 743. Bred by F. W. Fratt, Whitewater, Wis. Age, 1 year. Registered in Wisconsin Spanish Merino registry.

No. 644-74G, inclusive. Bred by F. W. Fratt, Whitewater, Wis. Age, 2 years. Registered in Wisconsin Spanish Merino registry.

No. 762-769, inclusive. Bred by O. Cook & Sons, Whitewater, Wis. Ago, 2 years. Samples cut from the shoulder. Pure Spanish

Merino, Vermont aud Wisconsin State register.

No. 770. 771, inclusive. Bred by O. Cook & Sons, Whitewater, Wia. Age, 3 years. Samples cut from the shoulder. Pure Spanish

Merino, Vermont and Wisconsin State register.

No. 782-787, inclusive. Bred by H. H. Cobb.

No. 782. Age, 2 years.

No. 783. Age, 2 years.

No. 784. Age, 4 years.

No. 785. Age, 4 years.

No. 786. Age, 4 years.

No. 787. Age, 2 years.

MINNESOTA.

RAMS.

No. 502-520, inclusive. Bred by A. Willson, Richfield, Minn. The animals represented in this series were all 2 years old, and are regis-

tered in the American register.

EWES.

No. 482-501, inclusive. Bred by A. Willson, Richfield, Minn. The auimals represented in this series were all 2 years old, and are registered
in the American register.

ILLINOIS.

No. 440. Owned by Goorgo
No. 441. Owned by George
No. 442. Bred by George E.

No. 445. Bred by George E.

No. 446. Bred by George E.

No. 447. Bred by George E.

No. 448. Bred by George E.

No. 449. Bred by George E.

No. 450. Bred by George E.

No. 451. Bred by George E.

No. 452. Bred by George E.

No. 453. Bred by George E.

No. 454. Bred by George E.

No. 455. Bred by George E.

No. 456. Bred by Goorgo E.

No. 457. Bred by George E.

No. 458. Bred by George E.

No. 459. Bred by George E,

No. 460. Bred by George E
No. 461. Bred by George E
No. 462. Bred by George E

E. Peck & Sons, Geneva, HI

E. Peck & Sons, Geneva, 111

Peck & Sons, Geneva, 111.

Pock & Sons, Geneva, 111.

Peck & Sons, Geneva, 111.

Peck & Sons, Geneva, 111.

Peck & Sons, Geneva, 111.

Peck & Sous, Geneva, 111.

Peck & Sons, Geneva, 111.

Peck & Sons, Geneva, 111.

Peck & Sons, Geneva, 111.

Peck & Sons, Geneva, 111.

Peck & Sons, Geneva, 111.

Peek & Sons, Geneva, 111.

Peek & Sons, Geneva, 111.

Peck & Sons, Geneva, 111.

Peck & Sons, Geneva, 111.

Peck &.Sons, Geneva, 111.

. Peck & Sons, Geneva, 111.

Peck & Sons, Geneva, 111.

Peck & Sons, Geneva, 111.

RAMS.

Ago, 3 years. Vermont register 315.

Age, 3 years. Vermont register 1.

Age, 2 years. Vermont register 405.

Age, 2 years. American register.

Age, 2 years. American register.

Age, 1 year. Vermont register.

Age, 1 year. Vermont register.

Age, 1 year. American register.

Age, 1 year. American register.

Ago, 1 year. American register.

Age, 1 year. Vermont register.

Age, 1 year. American register.

Age, 1 year. Vermont register.

Age, 1 year. American register.

Age, 1 year. Vermont register.

Ago, 1 year. American register.

Age, 1 year. American register.

Age, 1 year. Vermont register.

Age, 1 year. Vermont register.

Age, 1 year. American register.

Ago, 1 year. American register.

No. 443. Bred by George E. Peck & Sons, Geneva, 111. Age,
No. 444. Bred by George E. Peck & Sons, Geneva, 111. Age,
No. 463-469, inclusive. Bred by George E. Peck, Geneva, III.

No. 470-474, inclusive. Bred by George E. Peck, Geneva, 111.

No. 475. Bred by George E. Peck, Geneva, 111. Age, 3 years
No. 476. Bred by George E. Peck, Geneva, 111. Age, 3 years
No. 477-480, inclusive. Bred by George E. Peck, Geneva, 111.

No. 481. Bred by George E. Peck & Son, Geneva, 111. Lamb

EWES.

17 years. Vermont register.

. Vermont register.

Age, 2 years. Vermont register.

Age, 2 years. American register,
Vermont register.

American register.

Age, 1 year. Vermont register.
. Vermont register.



KRXATIONAL HXIIII'-ITION OP SHEEP AND WOOL. 423

TEXAS.

BAMS

Nos. filG-C>25, inclnoive. Bred by J. D. Keraey, Cottonwood Springs, Taylor, Texas. Age, 2 yeara." Spanish Merino.

EWES.

'Kos. G05-C15, inclusive. Bred by J . L>. Kcraoy, Cottonwood Springs, Taylor, Texas. Age, 2 yean. Spanish Merino.

CALIFORNIA.

RAMS.

Nos. G34-G40, iuchu>ivc. Bred by Bocditcl I'.roth. TS. Willits, Mrialocino County, California. Age, 25 months. Spanish Merino,

KWES.

N'. ! Brothers, Willils, Mi'iidocino Cimnty, California. Age, 4 years. Merino.
Nos. nrliism-. IJrH li\ llarc-litr! Brothers \Villits, Meudorino County, California. Age, 25 months, Spanish Merino. Havo

lambs sacking.
NOB. G30-6S. . lirwl l>y llae<-htel Brothers, Willits, Momlocino County, California. No lambs.
Nos. r.:i-Ml, incliiMv>. Hivil by Baerhtel Brnthcr-i, \Villits, Meudociuo County, California. Age, 2 yean. Spanish Merino. No lambs.
Nos. r.l.V' vc. Bred by Baechtol Brothers. Willits, MeudocinoCounty, California. Ago, 37months. Lambs sucking, aged 6 weeks.
Nos. C-JiMiO", iurlusive.- Broil l.y K. W. Woolsley & Son, 418 California street, San Francisco, Cnl. Fleece, 6 to 10 months' growth. Cnt

from fore shoulder. Spanish Merino.

GERMANY.

is.

No. 879. Bred by Otto Stciger, Loutwitz, near Meissen, Saxony, Germany. Weight of fleece, 21 1 pounds. Weight of carcass, 209 pounds.
-!>. Bml byOttoSteiger, Leutwitz, near Meissen, Saxony, Germany. Weight of fleece, 21.56 pounds. Weight of carcass, 209 pounds.

1 l>y Otto Stciger, Leutwitz, near Meissen, Saxony, Germany. 'UV'ii.'lit of fleece, 21.45 pounds. Weight of carcass, 126.5 pounds.
No. 632. Bred by Otto Stelger, Lentwitz, near Meissen, Saxony, Germany. Weight of fleece, 24.75 pounds. Weight of carcass, 242 pounds.
No. 833. Itrcd l>\ ( >tt< Stciger, Lentwitz, near Meissen, Saxony, Germany. Wi^ht of fleece, 25.3 pounds. Weight of carcass, 202.4 pounds.
No,8^l. Bredby Ottu.Steigor, Lcntwit^, near Meioseo, Saxony. Geruiany. Weight of fleece, 23.1 pounds. Weight of carcass, 231 pounds.
No. 6-^0. Bredby Otto Steiger, Lentwitz, near Meissen, Saxony, Germany. Weight of fleece, 25.3 pounds. Weight of carcass, 231 pounds.
No. 886. Brod by Otto Stciger, Lentwitz, near Meissen, Saxony, Germany. Weight of fleece, 25.52 pounds. Weight of carcass, 243.1 pounds.
No. 837. Bred by Otto Steigor, Lentwitz, near Meissen, Saxony, Germany. Weight of fleece, 22.55 pounds. Weight of carcass, 224.4 pounds.

EWE.

No. cTs I'.rnl by Otto Stciger, Lentwitz, near Meissen, Saxony, Germany. Weigbt of fleece, 17.G pounds. Weight ofcarcass, 149.0 pound*.

NKGRETTI WOOLS FROM GERMANY SmMITTED FOR EXAMINATION BY Mil. E. W. PEURY, CHICAGO, ILL.

Nos. 400-422, inclusive.

CALIFORNIA.

'TOOLS PRODUCED FX EXPERIMENTS IS CROSS-BHEKDISG.

BAMS.

No. 42(5. Bred by Baechtol Brothers, Willits, Mcndocino County, California. Age, 1 year. Buck, ^ Merino, ,'<; Southdown.
No. 427. Bred by Baechtol Brothers, Willits, Mondocino County, California. Age, 1 year. Buck, I Merino, i Southdown.

'i. Bred by Baechtel Brothers, Willits, Mendocino County, California. Age, 2 years. Buck, | Merino, J Southdown.
No. 43-t. lired by Baechtel Brothers, Willits, Mcndociuo County, California. Age, lycar. Buck, 1 Merino, | Shropshire, J Sontlidown.

Nos. 818-827, inclusive. Bred by Baechtel Brothers, Willitfl, Mendocino County, California. V,; Merino, A Shropshire, ^ Sonthdown.

Yearling bucks.

Nos. 828-837, inclusive. Bred by Baechtel Brothers, Willits, Mendocino Connty, California. Age, 2 years. } Merino, i Southdown.
Nos. 838-847, inclusive. Bred by Baechtel Brothers, Willits, Mondocino Connty, California. Age, 1 year. Buck, J Merino, i Southdown,
Nos. t^--.".?, inclusive. Bred by Baechtel Brothers, Willits, Meudocino County, California. Ago, 1 year. Buck, i Merino, J Shropshire^

i Sonthdown.
No. 43C. Bred by Baechtol Brothers, Willits, Mcndociuo County, California. Ago, 4 years. Thoroughbred Shropshire buck.

ii-chtel Brothers, Willits, Mendocino Connty, California. Age, 4 yean. Thoroughbred Merino back.

i:J9. Bred by Baechtel Brothers, Willits, Mondocino Connty, California. Age, 1 year. Thoroughbred Merino buck.
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EWES.

No. 425. Bred by Baechtel Brothers, Willits, Mendooino County, California. Age, 1 year. f Merino, ^ Southdown (No. 1).

No. 428. Bred by Baechtel Brothers, Willits, Mendocino County, California. Age, 1 year. Merino, Southdown (No. 4).

No. 429. Bred by Baechtel Brothers, Willits, Mendocino County, California. Age, 3 years. I Merino, Southdown. Dam, pnre

Merino. Siro, I Merino, i Southdown (No. 5).

No. 431. Bred by Baechtel Brothers, Willits, Mendocino County, California. -J Merino, \ Southdown. 2 years old (No. 7).

No. 432. Bred by Baechtol Brothers, Willits, Mendocino County, California. Ago, 5 years. Merino, Southdown (No. 8).

No. 433. Bred by Baechtel Brothers, Willits, Mendocino County, California. Age, 1 year. | Merino, J Shropshire, Southdown (No. 9).

No. 435. Bred by Baechtel Brothers, Willits, Mendocino County, California. Age, 1 year. $ Merino, i Southdown (No. 11).

No. 788-797, inclusive. Bred by Baechtel Brothers, Willits, Meudocino County, California. Age, 1 year. 1% Merino, ~fe Shropshire, ^
Southdown.

No. 798-806, inclusive. Bred by Baechtel Brothers, Willits, Mendocino County, California. Age, 2 years. $ Merino, Shropshire,

Southdown.

No. 808-817, inclusive. Bred by Baechtel Brothers, Willits, Mendocino County, California. Age, 1 year. | Merino, f Shropshire, f

Southdown.

No. 858-867, inclusive. Bred by Baechtel Brothers, Willits, Mendocino County, California. Ago, 7 years. Merino, i Southdown.

No. 668-877, inclusive. Bred by Baechtel Brothers, Willits, Mendocino County, California. Age, 1 year. 3 Merino, $ Southdown.

EXAMINATION OF THE MATERIAL AND TABULATION OF EESULTS.

The material described in the catalogue was examined in exactly the same way as that represented and
described in the previous report. The object was the determination of all properties that might bo affected by the

conditions to which the animals had been subject, but more especially the relations of the fineness, strength, and

elasticity of the fiber corresponding to all conditions. These are the principal qualities upon which the ultimate value

of wool for manufacturing purposes and for ordinary consumption depends, and we have therefore confined ourselves

to them. The methods employed have already been described, but a brief review ofthem may not be superfluous. In

making the measurements of fineness the sample under examination was taken from its case, a small lock separated
from it and cut into three sections of about equal length, each of which was mounted upon a glass slide. Each slide

was labeled to correspond with the number of the sample and the portion of the lock. Then with a microscope with

a magnifying power of about 200 diameters and an eye-piece micrometer that was standardized by means of a stage
micrometer the width of the image of each of 50 fibers on each plate was carefully measured. Each measurement
was recorded and the average of the 50 measurements determined. In this way 150 measurements were taken for

each sample.
The results thus secured were recorded in a table in which three columns were provided for each sample.

Each of these columns was headed with the inscription of the slide represented, and in it were entered the data
secured for the appropriate section of the lock examined. At the foot of each column was entered the sum of all tho
measurements recorded in

it, and from this the average for the column was calculated. Then at the bottom of the
table was arranged a sub-table in which were collected in one part the highest measurements found in each column,
in another part the lowest measurements, and in a third the average measurements. Then from each of these series

of three were determined the extreme maximum, the extreme minimum, and the general average for the sample.
All of these figures were reduced from the centimillimeters of the French standard in which they were taken to
thousandths of an inch and fractions of an inch of the English standard that would make them more readily
intelligible to tho average breeder and manufacturer.

In this table it is possible to compare the several samples with regard to what is generally understood as
trueness or evenness of the fiber throughout its length. We have here the figures for three parts of the fiber in
the direction of its length. In the true or even fiber we should have nearly the same average in all. In uneven
fibers the average for each will vary, and the differences are sometimes so marked that when several sections for

any given lock are thus made and measured it is almost possible to determine the condition of health of the animal
producing it at a given time. We have not undertaken to trace these variations in our work, but have made the
data a matter of record, so that any one desiring to do so can take them up and make a detailed comparison. As an
instance of these differences we may take at random the figures for samples 525, 534, 543, and 423, expressed in

ceutimillimeters, thus :

Sample.
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The same variations are found in the extremes for each sample; so that all the figures given in these tables arc
of value in the study of their relations. The extremes servo also to show the evenness of the sample as regards
tin- several fibers constituting it; and this is also indicated in the figures given at the bottom of the table showing
the number of measurements for the sample found above the average and below it. Since these variations are

frequently due to exposure, or neglect, or even to defective constitution, rendering the animal more subject to the
effect of these inlluences, results of the kind just mentioned will furnish data for profitable study.

The strain and st retell the lil>e liable of sustaining previous t<> rupture were taken with the d\ iiamom-
ribed in the ft inner report. To prepare the libers for being tested, a small lock was taken from each

sample and carefully washed with other to remove the grease and dirt and cleanse it. It was then placed upon
the table in front of the instrument, and libers drawn from it at random. In placing the liber in the instrument
for the test, that end nearest the root of the liber was inserted to the upper clnmp. Strain \\as gradually applied
until rupture occurred; and the power required to effect it, and the stretch MI Herod, were r. corded. In this way tin*

number of liber- tested for eac'.i sample was 50, this number having been found necessary, but, at the same time,
all-suilicie:it for the determination of the true average for the sample. The result of each test was entered in a

column in the table provided for it; the extremes and averages, as well as the number of tests above and below the

atcrcd at the bottom of the table. So also, to render the results more intelligible, the strains were reduced
from grams to grains, and the stretch from millimeters in a length of 20 millimeters to percentage of the length. In

all cases a length of L'o millimeters was subjected to test, since, all things considered, this was found to be the

most desirable. A gicater or less length would have given a different result; but that obtained for the length
1 been found to give results that were very nearly averages for the results for the different lengths; that

.(nee to the former report will show that with a length of 10 millimeters the percentage of stretch

vr than with a length of _'() millimeters, and that as the length of liber tested increased there was a
dei !-e;:se of the pereoir retch. The strain remained about the same. So then the stretch for 20 millimeters,

being about the average of the stretch tor the different lengths, and because of its convenience, that length was
.n for the length to be used in all tests; so that the latter are fairly comparable.
The t.ilihs of measurement* of fineness and of strain and stretch, giving the results thus in detail, furnish the

data for the construction of the subsequent tables. In the first place the extremes and averages for each sample
are collected in single tables, one for fineness and another for strain and stretch. And in these tables are entered

the number of crimps per inch in each sample showing the relation of closeness of crimp to the quality of fineness.

In the tables thus prepared the variations in the fibers constituting the sample and the variations in the samples

constituting a group are fully shown. From these tables the averages for each sample, both for fineness and for

strain and stretch, are brought together in a single table in which all the relations of general importance are

brought out.

The value of Merino wools as related to each other manifestly depends upon first the fineness, which determines

the class of goods into which they may enter, and second upon their ultimate strength and tenacity. AH these

qualities are of capital importance, and one is of no value, or at least is of little value, without the other. In the

nt work, therefore, we have made the relation between all these qualities the basis of the comparison.
We have, then, as the basis of value: (1) Fineness; (2) Ultimate tenacity or resistance; (3) The relation be-

tween the ultimate resistance and elasticity.

(1) Fi:icn< ax. This is a simple matter. It is represented in the diameter measured as already described, and is

set forth in the final table in the general average for that quality.

(U) Ultimate tenacity or resistance. This determines the strength of the staple, and in the results secured in

each test with the dynamometer it seems to vary widely from fiber to fiber and from sample to sample, and a com-

parison between them becomes possible only when the fibers compared happen to be of the same diameter. It

noes necessary to reduce the results of the specific tests to figures which correspond to strains for samples
.,'

11 common diameter, and this diameter we have abitrarily assumed to be 4 centi millimeters, because this

hoseii in previous experiments with coarser wools. This diameter is considerably greater than is ever found

id Merino wools, but it will serve our purpose in the comparisons we shall have to make, and will make it

!e to compare the present results with those already reported. The formula for this reduction is made aa

follows:

Let 4 ceutimilliraeters = D' the assumed common diameter.

Let D = the average diameter of fiber for the sample.
- the average actual tensile strain necessary to rupture.

Let S'= equal the tensile strains necessary to rupture of a similar fiber with a diameter D' or 4
centi^llimeters.

Then since the strains will be to each other as the squares of the diameters of the correspoudinjpibers, wo

have the proportion
D2

: (D')'::S:S'

B-Jj or
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Now if we substitute for D and S in the formula we may obtain the corresponding theoretical strain required

to produce rupture of a fiber having the common diameter, 4 centimillimeters. Take as an example the averages

for sample No. 555
;
D =2.237, S=5.G3. Substituting these values in the formula we have

This affords a means for the direct comparison of each sample as regards the ultimate resistance to rupture.

It is expressed in grams for an area having a diameter of 4 centimillimeters, but to very many it will be more

acceptable and more readily comprehended if expressed in corresponding pounds per square inch of section, and

we have made the calculations necessary to this end. This value is obtained as follows:

Let S=the average ultimate tensile resistance of the fibers tested and belonging to a single sample in grams.

Let D=the average diameter of fiber for that sample in centimillimeters.

Then - =the sectional area of fiber in square centimillimeters.

In a square millimeter there are 100x100=10,000 square centimillimeters.

Hence, 1 gram per square centimillirneter=10,000 grams=10 kilograms per square millimeter.

And since 1 kilogram per square millinieter=1422.30786 pounds per square inch, 1 gram per square centimilli-

meter=14223.0786 pounds per square inch of section of fiber.

The general formula for the reduction will therefore be as follows:

X 14223.=1S109 =E=

the ultimate resistance of the sample per square inch.

As an example of the application of the formula we may take the figures for sample No. 555, as before. Here
5 58

D=2.237 centimillimeters, S=5.58 grams. And substituting these values in the formula we have 18109 x
,^ -^3712

=

20372=the ultimate resistance of the sample in pounds per square inch of cross-section.

The results obtained by this formula may be usefully employed in making comparisons of a certain class in

which the elasticity of the fiber need not be taken into account. But in a material, the value of which depends so

largely upon this quality, it cannot be ignored. This relation is expressed in the modulus of elasticity or the ratio

between the ultimate resistance and the stretch suffered under the corresponding strain. This may be found aa

follows :

Let E=the modulus of elasticity for the sample. (S "

= 18109
j

Let P=tho per cent, of stretch expressed in decimal form.

Then the general formula becomes

KE=F

Applying this formula to sample 555, as before, we have

R=20372; P=.2790
Then

20372

.2790
-'^"

If with a given percentage of stretch we have a higher strain there must be an increase in the modulus of

elasticity, or with a given strain and a higher percentage of stretch there must be a decrease in the modulus of

elasticity. It is plain, therefore, that the ultimate value of wool for manufacturing purposes must depend upon
this modulus, and vary directly with it. The higher the modulus of elasticity the higher the value of the wool for

all purposes, fineness left out of consideration. That is to say, the wool which requires the high strain to produce
a given stretch must be ultimately stronger than that which requires a lower strain for the same purpose. This

factor, therefore, we have made especial use of in our comparison of values of the wools from the different sections.

With these formulae computations of value have been made for each sample tested, and the results have been
entered in the table of general results of all measurements. In all these calculations it has been assumed that the
fibers have a cylindrical form, which from the system of measurement of fineness is practically true. The averages
of these computations represent the ultimate values of the fiber for each class and each section, and constitute the
final table of the series.
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The tables of results obtained both in measurement aud computation in this investigation Lave been arranged
in tbe following order :

TBOBOUOHB&XD .IMI:I;I< .i\ MI:I;IM> WOOLS.

TAIILU 1. Detailed results of measurements of fineness:

A. Wools of Vermont.

B. Wools of New York.

C. Wools of IVmiiylvama.
D. Wools of Wisconsin.

E. Wools of Minm
F. Wools of IllinoU.

O. Wools of T.

II. Wi.ol-,,.1' California.

TABLE II. Detailed mea iiu and stretch :

A. Wools of Vermont.

Wools nl' New York.

C. Wools of I'rnnsylvnnia.

D. Wools of Wisconsin.

K. Wools of M
I .Wools of Illinois.

G. Wools of Texas.

H. Wools of California.

III. Kxtn-uirs anil :i\ i-rai^
1 of CuMOMBi

A. Wools of Vermont.

U. Wools of New York.

C. Wools of I'miiis} Ivauia.

D. Wools of Wisconsin.

E. Wools of Minnesota.

F. Wools of Illiu.

G. Wools of Texas.

II. Wools of California.

TABLE IV. Extremes and averages of strain and stretch :

A. Wools of Vermont.

B. Wool* of New York.

C. Wools of Pennsylvania.
D. Wools of Wisconsin.

E. Wools of Minnesota.

F. Wools of Illinois.

G. Wools of Texas.

H. Wools of California.

TIlOUOUOlIBIiED AMERICAN MERINO WOOLS Continued.

TABLE V. General results of all measurements, fineness,

strain and stretch, and of corresponding computations for

ultimate tensile resistance and moduli of elasticity:

A. Wools of Vermont.

D. Wools of New York.

C. Wools of Pennsylvania.

D. Wools of Wisconsin.

E. Wools of Minnesota.

F. Wools of Illinois.

O. Wools of Texas.

H. Wools of Califoruia.

I. Collected averages of the general results of

all meaiareaoutB and computations for

each section.

GERMAN MERINO WOOLS.

TABLE VI. Detailed measurements of fineness:

A. Negrette wools. E. W. Perry.

B. Saxony wools. E. Steiger.

TABLE VII. Detailed measurements of strain and stretch:

A. Nogretto wools. E. W. Perry.

B. Saxony wools. E. Steiger.

C. Extremes and averages of fineness of Ger-

man wools.

D. Extremes and averages of strain and

stretch for German wools.

TABLE VIII. General results of all measurements and com-

putations:
A. Negrotti wools.

B. Saxony wools.

CROSS-BRED WOOLS FROM CALIFORNIA.

TABLE IX. Detailed measurements of fineness.

TABLE X. Detailed measurements of strain and stretch.

TABLE XI. Extremes and averages of fineness.

TABLE XII. Extremes and averages of strain and stretch.

TABLK XIII. General results of all measurements and com-

putations.

TABLE XIV. General averages of all measurements and com-

putations.
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AMERICAN MERINO WOOLS,
TABLE I. Measurements offineness of wools.
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TAUI.I: I. Measurements offineness of wools Continued.

429

Cat alngnr number of Munples . .
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TABLE I. Measurements offineness of icools Continued.

Catalogue number of samples..
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TABLE I. Measurement* of fineness of wools Continued.

431

Catalogue number of aan>i>le9. .
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TABLE I. Measurements offineness of wools Continued.
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TAKI.K I. Mfii.iuiTiiifttts offineness of icools Continual.

433

Catalogue nnmbcrof aample*..
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TABLE I. Measurements of fineness of wools Continued.

Catalogue number of samples.
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T.uii.r. I. Measurements of fineness of wools Continual.

435

Catalogue number of itinplcs.
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TABLE I. Measurements offineness of icools Continued.

Catalogue number of sampled..
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TABLE I. Measurements of fineness of wools Continued.

437

Catalogue number of samples. .
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TABLE I. Measurements of fineness of wools Continued.

Catalogue number of samples . .
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TABLE I. Mcaxuremcnis <>f fineness of wools Continued.

Catalogue number of umplea..
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TABLE I. Measurements offineness of wools Continued.

Catalogue number of samples.
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TAIU.I: I. i>-nti a/Sun nfgn of wools Continued.

441

Catalogue number of iomplei . -

Number of M>Ction
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TABLE I. Measurements offineness of icools Continued.

Catalogue number of samples.
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TABLE I. Measurements offineness oftcools Continued.

443

Catalogue uumlwr of umplea. .
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TABLE I. Measurements of fineness of wools Continued.

Catalogue number of samples..
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TABU: I. Mrnsurcments offineness of wools Continued.

445

Catalogue number of mplc..
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TABLE I. Measurements offineness of wools Continued.

Catalogue number of samples..
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TABLK I. Measurement* offineness of wools Continiic-d.

447

Catalogue number of i*mplo*.
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TABLE I. Measurements offineness of icools Continued.

Catalogue number of samples. .
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TABLK I. Measurements of Jinenes* of wools Continued.

440

Catalogue number of (ample*..
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TABLE I. Measurements of fineness of wools Continued.

Catalogue number of samples.
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TABLE I. Measurements of fineness of tcools Continued.

451

Catalogue number of sample*.
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TABLE I. Measurements offineness of wools Continued.

Catalogue number of samples.

Number of crimps per inch ...
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TABLE I.Meaturcnunln offineness of wools Continued.

453

Catalogue number of sample*. .
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TABLE I. Measurements offineness of wools Continued.

Catalogue number of samples.



INTERNATIONAL EXHIBITION OF SHEEP AND WOOL.

TABLE I. Measurement* offineness of wools Continued.

455

CftUlo^no number ofMinplc*..
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TABLE I. Measurements offineness of icools Continued.

Catalogue number of samples.
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TABLE I. Measurements of fineness of wools Continual.

457

Catalogue number of aamploa. .
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TABLE I. Measurements offineness of wools Continued.

Catalogue number of samples
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TABLE I. Measurement* offineness of wools Continued.

459

Catalogue number of samples. .
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TABLE I. Measurements offineness of wools Continued.

Catalogue number of samples.
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TABLE I. Measurements offineness of wools Continued.

461

Catalogue number of lamph-a. .
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TABLE I. Measurements of fineness of wools Continued.

Catalogue number of samples.
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TABLK I. Measurements offineness of wools Continued.

463

MINNESOTA.

Catalogue number of umploa . .
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TABLE I. Measurements of fineness of wools Continued.
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TABLE I. Measurements offineness of wools Continued.

465

Catalogue number of Mmplei.



466 INTERNATIONAL EXHIBITION OF SHEEP AND WOOL.

TABLE I. Measurements of fineness of wools Continued.

Catalogue number of samples.



INTERNATIONAL EXHIBITION OF SHEEP AND WOOL.

TABLE I. Measurements of fineness of iroo/.s Continued.

467

Catalogue number of sample*..
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TABLE I. Measurements offineness oficools Continued.

Catalogue number of samples.
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TABLE I. Measurements offineness of wools Continued.

460

Catalogue number of samples.
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TABLE I. Measurements offineness oficools Continued.

Catalogue number ofsamples.
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TABLE I. Measurements of fineness of wools Continued.

471

Catalogue number of aamplra . .
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TABLE I. Measurements offineness of wools Continued.

Catalogue number of samples.
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TAIII.K I. Measurements of fineness of wools Continued.

473

CAtUogns nomber of umple. .
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TABLE I. Measurements of fineness of wools Continued.
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TAHLI: I. M, (inurements offineness of wools Continual.

475
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TABLE 1. Measurements of fineness of icools Contiuued.

Catalogue naiubcrof samples.
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TABLE I. Measurements of fineness ofvooh Continued.
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TABLE I. Measurements of fineness of wools Continued.

Catalogue number of samples.
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TABLE I. Mrdsiii-iinrnls of fineness of icooto Continued.

479

CaUlogno number of umplta. .
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TABLE I. Measurements of fineness of wools Continued.

Catalogue number of samples.
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TABLE I. Measurements of fineness of wools Contiiiued.

481

Catalogue number of Mnipl**..



482 INTEKNATIONAL EXHIBITION OF. SHEEP AND WOOL.

TABLE I. Measures offineness of icools Continued.

Catalogue nombor of samples.
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TABLE I. Measurement* of finenet* of wools Continued.

1*3

C*Ulogu nnnibet ofakmplea*.
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TABLE I. Measurements offineness of wools Continued.

Catalogue nninber of samples.
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TABLE II. Mrastircmrnts ofxtrnin itnd xtrrtch of tcoolt.

Catalogue uutubvr of umple*..
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TABLE II. Measurements of strain and stretch of wools Continued.

Catalogue number of samples. .
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TABLE II. Measurement* of strain and stretch of icooh Continui-d.

487

CaUlofinn number of sample*.
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TABLE II. Measurements of strain and stretch of wools Continued.

Catalogue number of samples . .



INTERNATIONAL EXHIBITION OF S11EK1' AND WOOL.

TABLE II. Meaturements of strain and stretch of wools Continual.

489

CI.I!OI;IH- number of sample*..
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TABLE ILMeawrements of strain and stretcJi of icools Continued.

Catalogue number of samples.
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TABLE ll.Mixurtment* of strain and stretch of icook Coiitiuued.

491

Catalogue number of samples. .
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TABLE II. Measurements of strain and stretch of wools Continued.

Catalogue number of samples.

i

Aetna! measurement in grams
and millimeters.
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TABLI: \l. M<xrements of strain and trctch of wool* Continued.

Catalogue number of sample*.
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TABLE II. Measurements of strain and stretch of icools Continued.

Catalogue number of samples
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TABLE ll.Measuretnmtt ofitrain and stretth of wool* Coutiuucd.

Catalogue numlwr of samples..
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TABLE II. Measurements of strain and stretch of wools Continued.

Catalogue number of samples.
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TABLE II. Measurements of ttrain and stretch oficool* Continued.

CUlogne Dumber of umplcs..
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TABLE II. Measurements of strain and stretch of wools Continued.

<

Catalogue number of samples..
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TABLK II. Measurements of strain and stretch oftcools Continued.

-
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TABLE II. Measurements of strain and stretch of wools Continued.

Catalogue number of samples.
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TABLE II. Mt<isurtietit* of strain anil .W/-V.7i of ir<,,,!n Continue .1.

501

Catalogue number ofaamplc*.
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TABLE II. Measurements of strain and stretch of icools Continued.

Catalogue number of samples.
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TABLE II. Mctuurementa of strain and stretch of wools CoiitiniU'd.

503

Catalogue uumlwr ofiamplM..
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TABLE II. Measurements of strain and stretch oficools Continued.

Catalogue number of samples.
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TAHI.K II. M<-tixiir>-i>ii-nto 0/ntrnin and ntr,tch of -..K < 'ontiiiucil.

Catalog' Dumber of sample"..
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TABLE II. Measurements of strain and stretch of icools Continued.

Catalogue number of samples.
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TABLK II. M'caxnrenu-nia of ttrnin and stretch of wools Coutiniu-il.

507

OtUlofVe number of samples..
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TABLE II. Measurements of strain and stretch oficools Continued.

Catalogue number of samples. .
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TAIM.K II. .I/IMI/-< >)f.v f xti/tin <ni<Z stretch of icools Continued.

509

Catalogue number of sample* . .
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TABLE II. Measurements of strain and stretch of wools Continued.

Catalogue number of samples.
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TABLK ll.Measvremcnto of strain and stretch of wool* Continued.

511

Catalogue cumber of sample*. .
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TABLE ii. Measurements of strain and stretch of wools Continued.

Catalogue number of samples . .



INTKKNATIONAL EXHIBITION OF SDEEP AND WOOL. 513

TABLK II. .Wrasurrnifnte of 1rain and stretch oficoolt Continued.

Catalogue camber of Mtnplw..
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TABLE II. Measurements of strain and stretch of wools Continued.

Catalogue nmnl>r of samples.
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TA.BLK II. Measurements of strain and stretch of wools Continued.

515

Catalogue immber of sample* . .
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TABLE II. Measurements of strain and stretch of wools Continued.

Catalogue number of samples.
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TABLE II. M&isurcmrntJi of strain and stretch of coo/ Continued.

517

Catalogue number of aamplc*. .
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TABLE II. Measurements of strain and stretch of wools Continued.

Catalogue number of samples.
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TABLE II. Measurements of strain anrt stretch of wools Continued.

Catalogue number of aamplea. .
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TABLE II. Measurements of strain and stretch of wools Continued.

Catalogue number of samples.



INTERNATIONAL EXHIBITION OF 8111:1.1' AND WOOL. 521

TABI.K \ I. Measurements of strain and stretch of trooh Continutd.
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TABLE II. Measurements of strain and stretch of wools Continued.

Catalogue number of samples.
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TABLK II. Measurement* of strain and atretck of wool* Continued.

Cfttal'vi- 11 ;tlr..
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TABLE II. Measurements of strain and stretch of wools Continued.

Catalogue number of samples..
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TABLE II. Meaturement* of strain and stretch of irools Continued.

525

Catalogue number of aample*. .
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TABLE II. Measurements of strain and stretch oficools Continued.

CALIFORNIA.

Catalogue number of samples.
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TABLE II. Meatvretnentg of ttrain and stretch of wools Continued.

527
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TABLE III. Extreme and average measurements of fineness of wools.

Catalogue number of sample.
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TMM.K III.- ';/'
iii-'tiitn-iiifiits a/ rhi' ,i< an nf irools Uontiniicd.

529

CatAlo^tl" UUnilKI
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TABLE III. Extreme and average measurements offineness of wools Continued.

Catalogue number of samples.
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TABLE IV'. Extreme a*d average measurement* of strain and stretch of wools.

531

Catalogue Dumber of (ample*.
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TABLE IV. Extreme and average measurements of strain and stretch of wools Continued.

Catalogue number of samples.
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TABLE IV. Extreme and average measurements of strain and stretch of wools Continued.

533

Catalogue number of umple*.
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TABLE IV. Extreme and average measurements ofstrain and stretch of wools Continued.

Catalogue number of samples.
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TABLE IV. Extreme and average measurements of strain and stretch of ifools Continued.

Catalogue number of aamplea.
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TABLE V. General results of all measurements.

CALIFORNIA WOOLS.

Catalogue Dumber of samples.
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TAHI.K V. General result* of all measurements Coutiiund.

Yi:i;.M' >\T WOOLS Contiminl.

Catalogue number of (ample*.
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TABLE V. General results of all measurements Continued..

PENNSYLVANIA WOOLS Continued.

Catalogue number of samples.
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TABLE V. General n-xults f nil mnixuremcntt Continued.

WISCONSIN WOOLS Continued.

Catalogue number of aamples.
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TABLE V. General results of all measurements Continued.

MINNESOTA WOOLS Continued.

Catalogue number of samples.
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TABLE V. (lent nil nxultn of all mmsurcmintx Continued.

TEXAS WOOLS.

Catalogue number of sample*.



542 INTERNATIONAL EXHIBITION OF SHEEP AND WOOL.

TABLE V. General results of all measurements Averages for each section.

Section, sex, and ago.



CONCLUSIONS:

Tin* tallies, as a rule, will explain themselves, and will show many relations to which we have at the present

rime been unable to give attention. The principal conclusions we have to offer, based upon the results here pre-

follows:

(I) Ditlerent libers in any given sample may vary in diameter throughout their length from 5 to 15 per cent.

('2) l-'ineness in American Merino wools may vary from 1 centimillimetcr (^faf inch) to 4 ccntimilliinetera

!i).

(3) This variation as represented in the extremes is not affected either by the sex of the animal or by the

;i. The average of the maxima will reach about 3.3 centimillimeters and the minima about 1.2 ccntimillimo-

\merican Merino wools generally.

(4) The ultimate, resistance of wool fibers of course depends greatly upon the diameter. But it appears that

this will vary from a minimum of 1.5 grams, say 23 grains, to a maximum of about 15 grams, or 230 grains.

(.">)
The stretch the fibers will suffer previous to rupture also varies widely from about 5 per cent, of the length

.d to as high as 60 per cent.

(C) There seems to be no special relation between the extremes for strain and stretch and the section in which

the wool was grown or the sex and age of the animal producing it. It must in all cases be referred to the indi-

vidual.

(7) With regard to the relation between the crimp of the fiber and the fineness, history repeats itself in this

series, and while there is some connection between the two, and the averages of large numbers of samples show

that the finer wools have, as a rule, the closer crimp, the indication is exceedingly unreliable from sample to

sample.

(8) Age seems to have an influence upon the fineness of the fiber. After the age of one year the wool

appears to grow coarser with increase of years.

(9) The ultimate stretch the fiber is capable of sustaining previous to rupture seems to increase with advance

of age ;
but the data are not fully conclusive upon this point.

(10) Age has no perceptible influence upon either the ultimate resistance or the modulus of elasticity of tha

liber.

(II) In the averages for fineness the results are somewhat higher, as a rule, for the rams than for the ewes,

showing the rams' wool to be the coarser.

(12) If we arrange the sections represented with reference to average fineness for all sexes and ages, from

highest to lowest, they stand in the following order :

Section.
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13. If they be arranged with relation to the fineness for both rams and ewes two years old, they will stand,

respectively

KAMS.
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18. If we compare the moduli of elasticity of the wools of rams and ewes two years old for the several sections,

we find tin-in to range as follows, from highest to lowest, respectively:

KAMA.
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GEUMAN MERINO WOOLS.

The classes of wools, of which we here present the results of the measurements, represent the two great classes

of Merino wools of Germany, and are therefore of especial interest. The samples have been fully described in the

catalogue, and need no further mention here.

The tables are arranged in the same way as the preceding, and will explain themselves.

TABLE VI (A). Measurements offineness of Negretti wools from E. W. Perry, Chicago, III.

Catalogue number of samples..
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TABLE VI (A.) Mcaxurtiaiuts of Jlnau-a of Xtyrrtti icoolx from L'. H'. l'< rnj, Chicago, III. Continued.

Catalogue number of sample*..
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TABLE VI (A). Measurements offineness of Neyretti icoolsfrom E. W. Perry, Chicago, III. Continued.

Catalogue number of samples .



INTERNATIONAL INHIBITION OF SHEEP AND WOOL. 549

TABLE VI (A).Meaxurements offineness of Negretti icoolsfrom E. W. Perry, Chicago, UL Continued.
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TABLE VI (B). Measurements of fineness oficoolsfrom Rerr E. Steiger, Leutcwitz, near Meissen, Germany.



IHTKUNATIONAL EXHIBITION OF 81IEEP AND WOOL. 551

TABLE VI (B). Mcatttremcnts offineness nficooJgfrom JlerrE. Steigcr, Lcutewitz, near Meimtn, Qcrmany Continued.
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TABLE VII (A). Measurements of strain and stretch of Negretti woolsfrom E. W. Perry, Chicago, III

Catalogue number of samples.
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TABLE VII (A). Measurement* of strain and stretch of Ncgrctti trooh from E. W. Perry, Chicago, HI. Continued.

Culo(fuc number of uniplra.
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TABLE VII (A). Measurements of strain and stretch of Negretti wools from E. W. Perry, Chicago, III. Continued.

Catalogue number of samples.
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TABLE VII (B). Measurement* of strain and stretch of wools from Ilerr E. xteiger, Leutewitz, near Mcittcn,
Germany.
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TABLE VII (B). Measurements of strain and stretch of woolsfrom Eerr Steiger, &c, Continued.
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TABLE VII (). Extreme and average measurements offineness of Negretti wools from E. W. Perry, Chicago, III.

Catalogue number of aamplra.
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TABLE VII (D). Extreme and average measurements of strain and stretch of Ncgrctti wools from E. W. Perry, of
Chicago, III.

Catalogue number of samples.
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TABLE VIII. (lateral results of all measurements.

559

OMaloEiio nnmbcr of umplca.
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(11) The ultimate resistance for Negretti wools varies from say 15,000 pounds per square inch to 32,000 pounds
per square inch, with an average of 23,519. The average moduli of elasticity vary from 67,038 to 167,367, with a

general average of 84,917.

(12) The average ultimate resistance of the Saxony wools varies from 17,000 to 41,000 pounds per square inch

of section, with a general average of 23,225 pounds. The average moduli of elasticity vary from 45,000 to 111,000,
with a general average of 57,000.

(13) Hence it appears that the Negretti wools, both as regards fineness and ultimate strength, are more valuable
than the Saxony wools.

(14) It also appears that they are, with one exception, finer than the Merino wools from the several sections
of this country represented in oar present investigate . And as regards the ultimate strength, if entered in our
tables of comparisons, they would occupy the third place. If the Saxony wools were likewise entered in our com-

parisou they would occupy the seventh place.

!



CROSSBRED WOOLS.
FROM BAECHTEL BROTHERS, \\'illits, Mendocino County, California,

The wools represented in the following tables have been fully described in the correspondence of Messrs.

I'.rothers, who furnished the material. This material represented the result of nearly ten years in the

labor of produi'ing by rn>ssrs a iaee of animals callable of producing at the same time good fleeces of wool and
-O.M! si/t .1 i -.uvasses for the shambles. The external results and the pecuniary returns from tliis experiment so

-tently and intelligently iimseented are well shown in the little table presented in the correspondence already
referred to. That table shows no decrease in the net return per head, and a very decided increase in the quantity
of wool produced. It is to bo hoped that these experiments will not be abandoned, but that they will be diligently

pushed to a definite eonelusiou.

To exhibit any ditlerences in the external characteristics of the fibers of the several crosses due to the in-

iluence of breeding, drawings were made of typical fibers from samples representing the pure breeds employed
and the several crosses produced, respectively, and these drawings are reproduced in the following lithographed

plat'

LIST OF PLATES OF CROSSBRED WOOLS FROM MATERIAL PRODUCED AND CONTRIBUTED
BY MESSRS. BAECHTEL BROTHERS, WILLITS, MENDOCINO COUNTY, CALIFORNIA.

These plates were all of them made by projection from the microscope with the aid of sunlight and tracing the

imago secured. They may therefore be relied upon as accurate.

The plates are as follows:

I. Projection of micrometer representing the amplification of the images presented.

( No. 439. Thoroughbred Merino mm, yearling.

I N'o. -lit?. Thoroughbred Merino ram, 4 years old.

. 433. Thoroughbred Merino ewe, 4 years old.
"'"

\ No. 436. Thoroughbred Shropshire ram, 4 years old.

IV. No. 426. \% Merino, ^ Southdown, ram-yearling.
V. No. 425. f j| Merino, fa Southdown, ewe-yearling.
VI No. 427. J Merino, i Southdown, ram-yearling.
VII. No. 428. i Merino, i Southdown, ewe-yearling.

VIII. No. 429. i Merino, i Southdown, ewe, 3 years old.

IX. No. 430. J Merino, J Southdown, ram, 2 years old.

X. No. 431. f Merino, J Southdown, ewe, 2 years old.

XI. No. 435. f Merino, J Southdown, owe, 1 year old.

XII. No. 432. f Merino, } Southdown, ram, 5 years old.

XIII. No. 434. | Merino, f Shropshire, t Southdown, ram, yearling.

XIV. No. 433. | Merino, f Shropshire, i Southdown, ewe, yearling.
561
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PLATE I. Projection of micrometer representing the amplification of tlio images in succeeding plates, f, and T}j millimeter X 300 ,
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The following tables present the result of tests made upon crossbred wools ami the data deduced from them:

TAJBLK IX. Measurement* ofJlnenett of thoroughbred Merino zcoote, crossbred scries, from Bachtel Brothers^
o County, California.

CaUlopio number of wimple ..
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TABLE IX. Measurements of fineness of thoroughbred Merino icools, crossbred series, &c. Continued.

Catalogue number of sample. . .
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TAIH.K IX. .n-nts ofjincHtas of thorouyhbnd M<-r'<n<> iroofa, crossbred aerie', ttc. Continued.

nubcrof u.;
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TABLE IX. Measurements offineness of thoroughbred Merino icooU, crosslred series, &c. Continued.

Catalogue number of sample. .
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TABLE IX. M, M offineness of thoroughbred Merino troofs, erostbred terict, dr. Continued.

Catalogue numbr of sample. .
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TABLE IX. Measurements of fineness of thoroitglibred Merino icools, crossbred series, <fcc. Continued.

Catalogue number of sample. .
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TABU: IX. JfeamrmtnUqfJtiuiuitof&oroiiffkbnel .Mn-in irooln, m>Wi-/ *</<*, a-c. Continued.

Catalogue number of aample. .
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TABLE IX. Measurements of fineness of thoroughbred Merino wools, crossbred series, &c. Continued.

Catalogue number of sample. .
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A
TABLE IX. Mtatwremtntt of fineness of thoroughbred Merino wools, crossbred series,

Catalogue Dumber of (ample ..
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TABLE IX. Measurements offineness of thoroughbred Merino icools, crossbred series, &c. Continued.

Catalogue number of sample. .
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TABLE IX. Mftmuremi-nt* offineness of thoroughlrr<l Mirino icools, croitsbi' ,'.-. Continued.

Catalogue number of umplc...
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TABLE IX. Measurements offineness of tlioroiiglibred Merino -wools, crossbred series, &c. Continued.

Catalogue number of sample. .
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TABLK IX Measurements offinctcu of thoroughbred Merino tcools, crottbred tcric*, <fcc. Continued.

Catalogue number of (ample. ..
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TABLE IX. Measurements of fineness of thoroughbred Merino wools, crossbred series, d-c. Continued.

Catalogue nnmbcr of sample. ..
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TABLE IX. Mcaxm; .n, /\
<>/ jlm-nens of thoroughl-i'< <l M' / inn /r (

)/x, croatbred seriet, <Cc. Continued.

CaUlofuc number of tarnplo. . .
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TABLE IX. Measurements of fineness of thoroughbred Merino wools, crossbred series, &c. Continued.

Catalogue number of sample. .
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TABLK l\.Mcuxn>-tment* of fineness of thorougMrcd Merino wools, crossbred scries, <kt. Contiuucd.
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TABLE IX. Measurements of fineness of thoroughbred Merino wools, crossbred series, &c. Continued.

Catalogue number of sample
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TAHM-: X . .!.' /" .tf-<n' <""' */'<f<-'i <;/"
<rm\///-/ irooto produced by /,'n, </.</,? l:r,,ihcr, WillHn, Mendodno
'i/. (.'iili/iirnin.

Calalngur number attar.
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TABLE X. Measurements of strain and stretch of crossbred wools produced ly BaecMel Brothers, &c. Continued.

Catalogue number of sample- -
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TABLE X. Measurements of strain and stretch of crossbred wooh produced by Bacchtcl Brothers, cfr. Continued.

Catalogue number of aamplM..
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TABLE X. Measurements of strain and stretch of crossbred wools produced by Baeelitel Brothers, &c. Continued.

Catalogue number of sample. .
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TABLK X. Mfimiiri nn ntx ofxlrniit ami utrrti-h of crossbred trtwlt yroilitci-tl bij Kn-tit<l liralhi-iH. id-. ( 'uiitiinicd.

Catalogni- number of urople. . .
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TABLE X. Measurements of strain and stretch of crossbred wools produced by Baechtel Brothers, &c. Continued.

Catalogue number of sample. .
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TABLE X. Measurements ofttrain and stretch of cronnlired irools produced ly ]iae<-li1i-l Urothcrs, Ac. Continued.

Catalogue number of urnpie. . .
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TABLE X. Measurements of strain and stretch of crossbred wools produced by Baechtel fit-others, <Cc. Continued.

Catalogue number of sarni'lr- . .
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TAfLE X. Measurements of strain <in<l xtntch of crossbred irooli pr<hic , <l hi/ Hnn-ht.-l Hrothn-x. (tv. Continued.

dialogue number of aample...
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TABLE X. Measurements of strain and stretch of crossbred wools produced ly Baeclitel Brothers, (fee. Continued.

Catalogue number of sample. .
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TABLE X. Measurement* ofttrain and stretch of crossbred wools produced by Lmthttl Jlrothcrs, &o. Continued.

Catalogue number of sample . . .
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TABLE X. Measurements of strain and stretch of crossbred icools produced by Baechtel Brothers, &c. Continued.

Catalogue number of samples.
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TAHI.K X. M,ti*nn m.ntx f strain 'fit of crossbred wools produced by Baechtcl Brothers, dr. Continued.

Catalogue number of aamplr*..
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TABLE XI. Extreme and average measurements of fineness of crossbred tcools produced by Bacclitel Brothers, WiUits,
Mendodno County, California.

Catalogue

number

of

11
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TABLE XII. l.'jtrcme and average measurements of strain and stretch of crossbred wools produced by BacchM
Jit-others, Willitit, Mciulocino County, Catiforn in.

Catalogue

Xo.

'

of

aamplM.
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TABLE XII. Extreme and average measurements of strain and stretch of crossbred wools, &c. Continued.

Catalog

No.

ll

of

sample*.
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TABLK XIII. General result* of all measurement* of crossbred wool* produced by liaechtel Brothers, Willitt, Mendo-
cino County, California.

]Catalogue

No.

i

|
of

(ample*.

:
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TABLE XIII. General results of all measurements of crossbred wools, &c. Continued.

Catalogue

No.

||

of

samples.

]
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TABLE XIV. General averages of all measurements and computations for each cleat of crossbred, wools.
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(9) If wo compare this table with that of Messrs. Baechtel, we find that the highest value, as represented in

the ultimate strength (modulus of elasticity), corresponds with the highest net money return per head per annum.

(10) The variations here noted are no greater than might occur from individual to individual.

(11) For the production of medium wools the grade animals here described will yield as good a product as

animals of pure blood.

(12) These results, taken in connection with the similarity of structure of the fibers in the several breeds shown

elsewhere, indicate the possibility of profitable and valuable results in the crosses between the Merino and Down
breeds.

(13) If we arrange the moduli of elasticity in order from highest to lowest, we find that the grade wosls stand

in the following order :

| Merino, i Sonthdown 7777.7.77 117..'..7. 7. 100.335

}% Merino,^ Sonthdown 77.706

| Merino, | Shropshire, i Southdown 74.495

f Merino.J Shropshire,! Southdown 62.500

i Merino, J Southdown 61.600

^Merino, ~fa Shropshire,W Southdown 60.441

i Merino, i Southdown 58.718

(14) If we arrange the fineness in order from the lowest average diameter to the highest, the several grades
will assume the following order :

} Merino, J Southdown 1.923

{ Merino, i Sonthdown 1.929

}{* Merino, -^ Southdown 1.965

ft Merino, -rV Shropshire, -^ Southdown 2. 122

| Merino,} Shropshire.^ Sonthdown 2.358

3 Merino, -J Southdown 2.394

| Merino, 1*8 Shropshire, 4 Southdown 2.437

Other conclusions may doubtless be drawn from these figures. Our object has been simply to develop here the
true value of the material represented, leaving to others the matter of the practical application of the results. But
we believe they offer very much of encouragement to those especially interested in the combination of mutton pro-
duction with the production of moderately fine wool. Here is simply a beginning of what should be done. The
variations in the ultimate value of the fiber of Merino by the infusion of the coarser wool blood, and even in the

fineness, is so slight as to appear almost insignificant. The first cross appears to have a marked influence upon the
quality of the fiber, but the later crosses appear to produce very nearly an equilibrium in this respect.

\Vith these facts before us, together with the facts set forth in the record table of increase of fleece, percent-
age of lambs, net return from flock, &c., furnished by Messrs. Baechtel Brothers, we repeat that the wool-grower
who cares to add the production of good mutton to his industry must find much of value in the results. And we
cannot help feeling impressed by the fact that the time is ripe for the extension of these experiments. Every
farmer should keep a flock of sheep, and every farmer should thus lend a hand in the advancement of the pro.
duction of cheap wool. Careful experiment in this line will cause no loss to either the experimenter or the agri-
cultural world in general.
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length of fiber ill crimp .................................................................................. 328-351

maximum, minimum, ami average measurements .......................................................... 328-351

methods < .Icrs ..................... .. .............. . ....................... ...... ...... . ....... .:.''.

ination of samples .... ............................................. . .................... 325-327

number i>er inch ......................................................... ...................... 328-351

uniformity of wools of Germany as compared with wools of the United States ..................... ........ 327

Committee of arrangements for International F.xliibition of Sheep, Wool, and Wool Products .................................. 19,20

Cmnparat: '"es of wools of different breeds .................................................................... 384

npiality in .-train and .-,( retch of wool for the five breeds ............................................. ..... ........ 219

moduli of elasticity of wool for the five breeds ...................................... ............................ . 386

tensile stren^ili of ,.,,!, Brought iron, cast iron, and steel ....................................................... 385

ultimate .veen ram's wool and owe's wool ....................................................... . ....... 544

values of modulus of elasticity of wool, wrought iron, cast iron, and stool ........................................ 387

weight* of animals ............................................................................................. 27,28

Computations and measurements for each class of crossbred wools ................................. ........................... 599

Computing averages for a wimple, method of................................................................................. 378

Conclusions based upon tabular results ....................................................................................... 543,599
as to the comparative value of Nogretti and Saxony wools ..................... . ......... ................. ....... 559

results of the whole examinations ...................................................................... 32G

Construction of tables and results of measurements .......................................... . ............................... 85

Convention to consider present and futnrn condition of wool industries ............................................. - ......... 21,22

Cook, O., & Sous, Wisconsin, letter of, transmitting samples .................................................................. 414

Cooper, F. 8., Cooperaburg, Pa., breeder of Oxforddowns and Southdowus ..................................................... 25

Cotswold, exhibits at International Exhibition, 1880; notes of exhibitors ..................................................... 25

fibers, actual measnremsoto of, showing relation between strain, stretch, and elasticity ............................. 225-233

average diameter of ................................................................ .. ..................... 378

comparative equality of, in strain and stretch ......................... ..................................... 219

tot ............................................................................................ 40,44

i of, as shown by actual measurements in Table II ................................................... 88-110

individual extremes and averages ................................................. 192

general average of all measurements of, for sex and portion of fleece ........................................ 318,319

showing influence of age upon all qualities .........................

general extremes and averages showing influences of age upon fineness ..................................... -'""

strain and stretch ........................... 314

breed, sex, and portion of fleece upon fineness ......... 200, 20,1

strain and stretch 309, 310

individual extremes and averages showing influence of age upon strain and stretch ..........................

'breed upon strain and stretch ........................

number of crimps per inch ................................................................................. 88-110

relative average of tensile strains ..........................................................................

results of actual tests of strain and stretch ................................................................. s

strain and permanent stretch .............................................................................. 379-383

wool, moduli of elasticity of ......................................................................................

total and permanent stretch in, for equal elongations ........................................................
value of............................................................. ....................................... :; ~*

Crimps, influence of, upon all qualities as shown by general averages of all measurements taken with pure blood wools .........

length of fiber in .................................................................................................... 88-198

measurements of, in commercial grades ............................. . ................................................. 328-35

Merino wools submitted by J.T. Rich, Michigan .................................................. 393,394

methods of measuring ...............................................................................................
number per inch ......... . ................... . ............................................................ 88-188
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Crimps, number per inch in commercial grades

relations of to fineness
'"

as shown by individual extremes and averages

general extremes and averages

Crossbred wools, extreme aud average measurements of fineness

strain aud stretch - - 595,596

general averages of all measurements and computations for each class

results of all measurements 597,598

individual extremes and averages of fineness

measurements of fineness -- 563-580

strain and stretch 581-593

produced by Baechtel Brothers, California 561-599

Cross-sections, characteristics of, illustrated by plates

Crouch student's binocular microscope, with a Spencer student's objective for measuring wool

D.

Danbenton's method of measuring fineness and crimps in wool

Density of fleece, influence of, upon all qualities

Description of, and facts exhibited by, Table VIII 86

fibers nnder microscope -

material and its sources. Introduction to tables 413

Detailed results of experimental tests of the strength, ductility, and elasticity of fibers 217

Diagrams exhibiting the values of different kinds of wool 384

Diameter of fiber, average
increase of 599

Difficulties in the work of examination of fibers 35

Document comprising regulations, premium list, and embodying general invitation to all nations, distributed Juno 30, 1880 20

Holland wool measure, for measuring fineness of fiber and indicating grade, description of 46

Downs, principal points on, as presented by each exhibitor 25

Ductility, strength, and elasticity of fibers 213

E.

Effect of nutrition and health upon fibers 41

the pigment column upon the strength of fibers 42

Elasticity of fibers represented by percentage of stretch 327

stretch and strain, actual measurements showing relation between, in

Commercial grades :

Boston 264,265

Philadelphia 265,268
Cotswolds 225-233

Hampshires 244,245
Lincolns 233-237

Merinos 259-264

Oxforddowns 245-259

Southdowns 237-244

England, characteristics of the Merino typo in 25

Epithelial scales on wool fibers, Bohm on 40
Examination of fibers, difficulties in the work of 35

sections of fibers, methods recommended by Rohde, Nathusins, Voigtlauder 37

Exhibition, International, of Sheep Husbandry Products, origin of 19

opening of, September 21, 1880 21
Exhibits at International Exhibition 25

of T.S. Cooper, Coopersburg, Pa., breeder of Oxforddowns and Southdowns 25
Experimental tests of ductility, strength, and elasticity of fibers 216,217
Experiments in methods of support of fiber sections, for examination .' 37,38
European -wool, superiority of, with respect to uniformity 326
Evenness of fiber samples 435
Evenness, Treue, or uniformity in diameter of fiber, dependent upon'heaith" 43
External form and minute structure of fibers... 35
Extreme and average measurements of fineness by" States:"

California 530

Illinois 529,530
Minnesota 529

New York 503

Pennsylvania ,
r
>28

Texas 530

Vermont 528
Wisconsin 528,529

of Angora goat hair 401
commercial grades . 353-354



INDKX". (305

rc.
Extreme and average measurements of ttneness of crossbred wools, from Baechtel Bros., California

rrtti wools, from E. W. Perry, Illinois 557,508
strain and stretch by Sta

California 535

Illinois 534,535
Minnesota 533,534
New York

Pennsylvania
Texas 535

ViTinont 531

Wisconsin KI-J

of Angora goat hair 404

commercial grades 372-374

crossbred wools

Extremes and averages of all tables collected in Table XXXI 326

P.

Fairtnount Park Association, Philadelphia, Pa., breeders of Southdowns 25

Fibers, appearance of, under action of the re-agents and treatment recommended by Nathusius and Bohm 30,37

average diameter of :)77

charae (eristics of the cross-section 43

description of tin methods employed in the examination of .. 35-45

raliiltty of uniformity in fineness and length
i t of mixed blood upon . . 41

examination of 35,40,44
formation of 43

formula for reduction to uniform diameter
'

>

general averages of fineness 5!>9

inlliicnco of age, sex, ami fold upon fineness of 86,206-208,326
introduction to tables showing strength, ductility, and elasticity 213-222

the relative value of 66,87

length of in crimp in commercial grades 328-:io2

method of testing :t?7

minute structure and external form of 35,37

preparation of, for testing 425

results of actual tests of strain and stretch in 269-301

tabular statement showing influence of length, tested upon strain and stretch 223,224
tensile strength and stretch 377

Fineness, actual measurement with recapitulations and reductions, by breed :

Australian Merino 171,172

Black wool l-i)

Boston grades 181-1'Jl

Commercial grades 328-354

Cotswold 88-110,174

French Merino 170

Goat hair 181,398-400

Hampshire 126

Leicester 110,175,176

Lincoln 111-118

Merino 132-165,176-179,393,394

Mixed breeds 172-174,180

Oxforddown 126-132,176

Saxon Merino 171

Silesian Merino 171,179,180

Soathdowns 11- I.1 '.

Spanish Merino 165-170,179

arrangements of sections for both sexes, two years old, with reference to

average diameter of fiber

average, as to sex

comparative elasticity of wools in connection with

ultimate value between ram's wool and ewe's wool

effect of wrinkle or fold upon
extreme and average measurement by sex and age 528,530

for Angora goat
crossbred wools from Baechtel Brothers, California 594,595

ofNeifretti wools from E. W. Perry, Illinois

extremes of, conclusions as to 599,60

gcnural averages for all measurements and computations for each class of crossbred wools

for commercial grades
different griuloa ---

each breed, sex, and portion of fleece 318,313



606 INDEX.

Page.

Fineness, general averages for all measurements allowing influence of age upon all qualities

crimp upon all qualities 321

general extremes and averages for Angora goat hair

showing influence of age upon 205

fold upon 208

relation of crimp to 211

general results of all measurements 53G-541

of crossbred wools from Baechtel Brothers, California 597

in commercial grades: introduction to tables

different parts of fleece

individual extremes and averages of each sample, portion of fleece represented in

Cotswold, Leicester, Lincoln 192

Southdown 192,193

Hampshire 193

Merino 193,194

Spanish Merino, Silesian Merino,
Australian Merino, Cross-breeds.. 194

Miscellaneous 194, 195

showing influence of breed, sex, and portion of fleece upon 196-199

fold upon 200

indifferent sexes and portions of fleece 207

influence of ago upon 86,326
fold and sex upon 326

introduction to tables of measurements of 85-87

measurements of by States :

California 473-484

Illinois 467-474

Minnesota 4GO-467

New York 436-440

Pennsylvania 440-447

Texas 474-477

Vermont 430-435

Wisconsin 447-460

Merino wools 388,389,390
submitted by Hon. J. T. Rich, Michigan 393,394

Hcrr E. Steiger, Leutewitz, Germany 550,551
William G. Markham, New York 39(>

Negretti wools 546-549
raw silks 400

methods of examination for determining 45-51

-^ relation of crimp to 87 543
relative grade of breed as to 86,326
results of measurements for Merino wool 389,390

tests made upon thoroughbred Merino -wool, crossbred series 563-580
variations of extremes and averages of 599

quality 86,87
with crimp 307

FUher, R.M., Danville, Ky., breeder of Sonthdowns , 25

Fleece, order of increase of strength in different portions 327
Folds, influence of, upon fineness, shown by extremes and averages , 208

individual extremes and averages 206
strain and stretch, shown by extremes and averages 315

general extremes and averages 317

individual extremes and averages by sex and portion of fleece 316
of skin, effect of upon quality of fiber 326

Formula for modulus of elasticity of wool
reduction of fibers to uniform diameter 379

France, characteristics of Merino typo in 25

G.

General average from four samples from different parts of same fleece 382
General averages for each breed regardless of other conditions

"
OQQ

of all measurements and computations for each class of crossbred -wools 599
for each breed, sex, and portion of fleece 318,319
showing influence of age upon all qualities 320
upon commercial grades 375

General extremes and averages of fineness for commercial grades .".".".".".".".'.".'.'""."."."".'.'..".".".".'.".".".'.".".""."."."." 354
strain and stretch for commercial grades 374

showing influence of breed, sex, and portion of fleece upon fineness 200

strain and stretch . . 309
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General results of all measurements <.<: 1 by Baeoktol Drothora, California ............................. 697,606

wools by S;a;

California ................................................................ 536

Illinois ................................................................... 040

Minnesota ................................................................ 539,540

New Y.u-k ................................................................. 537

n-vh-:ini:i ............................................................. 537,538
s .................................................................... 541

Vermont ................................................................. 530,537

Wisconsin ................................................................ 63t>,539

German grades, actual measurements oflrnjjtli, rriinp, and fineness ............................................................. 3-IO,

griirral averages of nil measurements ......................................................................... 37">

.tin and stretch ....................................... . ................... 374

elected liy professional graders of higln :y in Germany .............................................. 32".

Germany, catalogue of sai,. : ..................................................................................... ....

in ...................................................................................

Gibl)S, ('ha-;. l;.. i, transmitting samples ................................................................... 414

Gla.s-. ....................................................................... ...

Grapliir.il diagrams : s, description of ....................................................................

..............................................................

Grav.vr;'.; instrument for measuring tincncss and crimps of wool ......................... ........ .......................... ... 45

H.

1 Inmmond, George, Middlebnry, Vt., on annual yield of wool ................................................................... 26

Hani) '1 by William Homewood, Newark, Del ................................................................... 26

individual extremis and averages of fineness of fiber in different parts of fleece ............................... 193

measurements of tiUer, 8howin<; ri'latinn hoi ween st rain, stretch, and elasticity................................ 244,845

results of actual measurements of length, crimp, and fineness, witli recapitulations and reductions ............. 126

':li and nutrition, effects of, upon fibers ............................. . ............................. . ........................ 41,43

Kdnard, Goslieuvill. .I'Cotswolds ......................................................................... ''.">

Wool, and Wool Products at Philadelphia, Pa,, 1880 .............................. SO

Homewood, William, Newark, I>. 1., liroedor of Shropshire, ami Ifaiiipshiredowns ................................................ 26

I.

Illinnls, catalogue of wool samples from ...................................................................................... 4'--,'

wools, extreme and average mcasnremcuts of fineness .................................................................. 529,530
strain and stretch ........................................................ 534,535

general results of all measurements ............................................................................ 540

measurements of fineness .................................. . ........................................... ..... ... 467-474

strain and stretch ............................................................................ D14-."]'.

Increase of permanent total and elastic stretch ........... . ....................... . ........... . ................................ 385

Individual extremes and averages of fineness of commercial grades............................................................ 352.

fineness of each sample ............................................................... ... l -.

strain and stretch of commercial grades .................................................. 372,373

showing influence, of breed, sex, and portion of fleece npon strain and stretch ................. 310-313

upon strain and stretch, portion of fleece represented ............. 302-304

Influence of ago and sex upon fineness ........................................................................................ 86

density upon all qualities ........................................................................................ 644

Instrument for measurement of fineness of wools, by Bohm .................................................................... 4.".

Lerebour ................................................................. 47

testing strength, ductility, and elasticity of fibers, description and cnt of........................................ 213-216

devised by Charles O'NeU .................................... 214

used in examination of wool fibers ................................................................................ 39

International Exhibition of the products of sheep husbandry ................. . ................................... . ............ 19

Introduction to tables showing measurements and tests of fibers ............................. . ................................. 377

results of examination of commercial grades ................. . ................. . ................ 323

strength, ductility, and elasticity of fibers ...................................................... 213-222

J.

Joppo'a standard of fineness, tabular classification and value ................................................................... 51

Judges, appointment of, for International Exhibition at Philadelphia, Pa., 1880 ................................................ 20

K.

Kelly, Daniel, Whoaton, 111., breeder of Spanish Merinos of the Crowninshield importation ...................................... 27

Keracy, J. D., Texas, letter of, transmitting samples ............................................................................ 414

Koehler's wool measure illustrated by cnt ................................................................................... 48

L.

Leicester wool fiber, individual extremes and averages, showing fineness of each sample ....................................... Ifrj

strain and stretch............................................. 302

results of actual measurements of length, crimp, and fineness ............................................ HP
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Length and fineness of Angora goat hair by actual measurements .............~.. .......... .... .r.... ............ . ............. 398-400

crimp aud fineness of wools ........................................................ - .................................. 45

of Angora goat hair, general extremes and averages.-.- ................................... -- ........... - .............. 405

Cotswold fiber in crimp ........................................................................ ......... .......... 88-110

fiber of commercial grades .................. ... .................................................................... 328-351

in criuip as related to fineness ................................................................................ 389,390

Meriuo wool submitted by J. T. Rich, Michigan ..................................................................... 393,394

table showing influence of, upon strain and stretch .................................................................... 223, '224

Lerebour's instrument for measuring wool fibers .......... ..... . .................................... - .......................... 47

Letter of transmittal ..................................................................... ... .................... .. ........... 9

of supplemental report ................................................................................... 411,412

Lincolns, bred by Thomas C. Wade, Media, Pa ................................................................................. 26

Lincoln wool fibers, averages for permanent and total stretch in millimeters ................................................... 379

individual extremes and averages of fineness, portion of fleece represented .................................. 192

strain aud stretch .......... . .......................................... 302

by sex and part of fleece ............................ 305,306

general extremes and averages, showing strain and stretch by sex and part of fleeco ........................ 309

measurements showing relation between strain, stretch, and elasticity ..................................... 233, 237

results of actual measurements of length, criuip, and fineness, with recapitulations aud reductions. .111-118, 175, 176

variation in parts of same fleece ...................... .................................................... 382

List of figures in Plates I-VIII, of representative animals exhibited at Philadelphia, Pa., 1880 ................................... 34

premiums awarded at International Exhibition, Philadelphia, Pa., 1880 .............................. . ................. 17,18

plates of crossbred wools from material produced and contributed by Baechtel Brothers, California ....................... 561

M.

Machinery and dyes, exhibits of, at the International Exhibition, Philadelphia, Pa ............................................. 21

Markham, William G., New York, letter of, transmitting samples ........... ... ................................................ 413
measurements of wool submitted by.... .............. . ...................................... 396
valuable assistance of, in material of a commercial character................................. 29

Martin, P. and G. F., New York, letter of, transmitting samples ................................................................ 413
Material and its sources, description of introduction to tables ................................................................ 413-425

Maximum, minimum, and average measurements of commercial grades ........................................................ 326-351
fineness of Angora hair. ............................. . .................. 398-400

Merino wools submitted by Samuel Archer, Saint Louis, Mo ..... 388-390
wools by States ................................................ 428-484

length, crimp, and fineness, by breed ....................................... 88-191
of Merino wool, submitted by J. T. Rich-, Michigan 393, 394

McCalmont, Alexander, & Sons, Hickory, Pa., breeders of Merinos of the Humphrey importation ............................... 26
Measurements and computations for each class of crossbred wools, general averages of all ..................................... 599

tests of fibers, method of........................................................
extreme and average of fineness of crossbred wools produced by Baechtel Brothers, California .................... 594

wools by States : V
California .................................................... 530
Illinois ....................................................... 529,530
Minnesota .................................................... 529
New York .................................................... 528

Pennsylvania ................................................. 528
Texas ........................................................ 530
Vermont ...................................................... 528
Wisconsin .................................................... 528,529

strain and stretch of crossbred wools from Baechtel Brothers, California ................. 95,596
wool by States:

California ........................................... 535
Illinois ............................................. 534,535
Minnesota .......................................... 533,534
New York ........................................... 531

Pennsylvania ....................................... 532
Texas ............................................... 535
Vermont ............................................ 531

Wisconsin .......................................... 532,533
general averages of all, showing influence of age upon all qualities ............................................ 320

taken with pure-blood wools, showing influence of crimp upon all qualities . . .

introduction to tabular statements of.............................
of fiber showing relation between strain, stretch, and elasticity by breed.. ". 225-268

fineness of wools by States :

California .................................""""
457-474

Minnesota ............................................... _ 460-467
New York

........................................................ .. 435-440
Pennsylvania ........................................... 440-447



Meatuireiiicnl.- of linen.----. <( wool- l.v St.it.- -Continued.
- 414-477

v. MIH. nt I:HM:IT>

Wisconsin 447-460

Mi rin.. \MM>]-. i. ".ill 1 - i.i' 389, 390

Ne.;relti wools fiiMiiHlii'it by K. \V. 1'erry, Clii.-i^o, 111 540-549

raw silks 406

thorough l.red Mr rim i we ml-,, crosslin-d series .
r
>C3-580

wools, from HI-IT K. Steiger, I.eut.-w it/. t,riin:tn\

hy guide, (itlinliir classilirntioii liy Itnliin 60

leppe 51

\Veeherlill 51

length, crimp, and fineness nfi-oiiiiiirn-i.il giades :fc-35l

MiTiiin wools submitted hy \V. (J. Murk ha in. New York 396

.I.T.Kii-h,.Michigan 393,394

of -train ami si ret eh fur 1-1 in'ivial grade-; , 355-371

of crossbred wiH>l from Haeehtel I In.- . California 581,593
from K. \V. IVrry, Illinois 558,564

Heir K. Steeper, i Jerinany 555,556

of wools i

California r.^-^7

Illinois 514-516

Miiin.--i.tii 509-514

New York 490-494

Pennsylvania 494-499

TeiM 519-582

V.-nuont 485-490

Wisi-onsin 499-609

of wiNil, p-iu-ial r.'Hiilts of all, hy Stairs:

California 536

Illinois 540

Minn.^.ta 539,540

New York 537

Pennsylvania 537,538

Tei :n
Vermont 536,537

Wigconain 538,539

nwults of ai-tiial, of length, crimp and flneneae, with revapitnlations and rednctionB 86-191

M. Tim. ii In i -..averages of in-inianrnt and total stretch in millimeters 381

itnliviiliiul oxtrernee aad averages of fineness in iliflerent parts of fleece 193,194

strain anil ntn-ti-h 303

hy.-i and part of fleece 307,308

^nrriil > xtri-imi) and averages of strain and stretch 309

results of strain ami xtrntch of wools submitted by 8. Archer, Saint Louis, Mo 391,392

tlioronghhred.croHsbred series 563,580

Mi-lhoils for ilolrrinininn tin- imliiNtrial valne of wool 377

fi-olh-ctinjj Haiiiph'H of wool for testing by scientific examination. .'. 24

computing the averageH for a sample... 378

niPUHiir.'iiirntN and ttt of samples 377

prr paring photo- micrographs of fibers 41

separating .-pitlu-lial scales 40

study ofth.' mi unto structure and external form of fibers -^'

Uwling samples 42J>

wool sources of samples, <tc

r.'.-oiiinirndrd hy Niithiisiiw and Bohiu for the disintegration of filers

Rohdo and Voigtlander for mount ing sections of lih.-r for examination

to secure accurate and faithful drawings
c examination of fibers

wool fibers under different methods of mounting .

Miller, .loh n M.. llirki'i y, Pa., breeder of Merinos of Atwood descent

Minimum ineamirementH. (See Maximum.)
Minnesota, catalogue of wool samples from

wools, extreme and average measurement* of fineness

strain and stretch -n

general results of all measurements
measurements of fineness *w '

strain and stretch 509-514

Mode, of averaging results for each sample
for five breeds, comparison shown numerically in Tal.lr IX

graphically in Plate IV
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Moduli of elasticity for different broods, tubular statement of

of wool, wrought iron, cast iron, and stool, comparative values of 387

variations of, indifferent grades -- 599

N.

Nathusius and Bohm, re-agent recommended by 36

on methods for supporting fibers for examination 37

Nathusius' standards of fineness with relation to crimp 46

Negretti wools from E. W. Perry, Chicago, 111., measurements of fineness of 540-549

strain and stretch in 552-554

Herr E. Steiger, Germany,measurements of strain and stretch in 555,556

New York, catalogue of wool samples from 420

wools, extreme and average measurements of fineness 528

strain and stretch 531

general results of all measurements 537

measurements of fineness 435-440

strain and stretch 490-494

Nutrition and health, effect of, upon fibers 41,43

O.

O'Neil, Charles, instrument devised by, for testing strength, ductility and elasticity of fibers- 214

Order of increase as regards strength of different portions of fleece 327

Overlapping of scales, varying in fibers of different breeds 40

Oxforddowns bred by T. S. Cooper, Coogprsburg, Pa 25

Oxford fibers, average for permanent and total stretch in millimeters 380

individual extremes and averages of fineness in different parts of fleece 193

strain and stretch 303

by sex and parts of fleece 306, 307

general extremes and averages showing strain and stretch, by breed, sex, and parts of fleece 309

P.

Parafflue as means of support for sections of fibers for examination method 38

Parts of fleece in relation to fineness 326

Peck, E. & Sons, Geneva, 111., breeders of Spanish Merinos 27

letter of, transmitting samples 414

Pennsylvania, catalogue of wool samples from 421

wools, extreme and average measurements of fineness 528

strain and stretch 532

general results of all measurements 537, 538

measurements of fineness 440-447

strain and stretch 494-499

Perrine, Robert, Patterson Mills, Pa., breeder of Merinos of Atwood descent 26
letter of, transmitting samples 413

IVrty, E. W., Chicago, 111., measurements of fineness of Negretti wools furnished by 546-549

Philadelphia grades, actual measurements of length, crimp, and fineness 336-346
strain and stretch 361-368

classified by Mr. Conant, of West Virginia 323,324
general averages of all measurements 375

general extremes and averages of strain and stretch 374
individual extremes and averages of strain and stretch 372,373

Photo- micrographs of fibers, methods of preparing 4]

See Plates XXVII and XXVIII
Pigment column in fibers, effect of, upon strength 40
Pilgram's method for measuring crimp and fineness of wools . . .'. 47
Plates illustrating disintegration of fibers under action of re-agents 41,42

showing represent all v animals exhibited at International Exhibition at Philadelphia, Pa., 1880, list of 34
Plotting diagram of strain, total and permanent stretch of fibers 378
Portion of fleece, general extremes and averages showing influence of, upon fineness of fiber 200

strain and stretch 309
individual extremes and average of fineness by breed 192-194

Premiums, aggregate amount of money awarded in various divisions 21
Premium lists of sheep, wool, and wool products of the International Exhibition at Philadelphia, Pa., 1880 10
Pnnty of breed determined by the scale markings in wool fibers 40

R.

Raw silks, results of tests of strain and stretch in 407 408
submitted by Prof. C. V. Uiley, Department of Agriculture, Washington" D. C

Re-agents used in the study of the minute structure of fibers 36
Reduction, table for, of centimillimeters to fractions of an inch '..'.".'.'. 51-84
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K. I ut iv. nuineririil values of wools for the dill'crciit Ktvcds

valued of different kinds of wool

total, permanent ami elastic stretch

KINIII 1U of actual tests of strain and stretch liy breed :

Cotswold 2fiO-274

Leicester 274

Lincoln -271

Southdown 276-280

Oxford ^uifr-a

Merino 2*3-300

rnwsl.rreds 300-301

Kc-ullsof tests of Htrain anil stretch of Mrrino wools submitted liy S. Archer, Saint 1.on is. Mo 391,392
W. (1. MarUham, New York 397

raw silks 407,408
Kich, J.'I'., Michigan measurements of liU-m of Mrrino wools submitted hy 303-396

Kirkrr. 1'riil". V Clifford, method of. t'or determining tin- industrial valni' of wool :;?7

Kiley, 1'rof. ('. V., Washington. I>. ('.. ^ilks submitted hy 33

liohdc. on methods lor mounting sections of liber upon slides for examination 37

Koncy. ('. II.. Philadelphia, 1'a., wools submitted hy 31

Rules goviTiiing jiidgi-H and rxliibiton nt the Intrrnational Kxhihition at Philadelphia, Pa., 1880 22

8.

Sample of wool collected for Hcientilie examination 24

catalogue of, by States .*. 419-423

from (iennany 4ii

letters from contributors of 414-418

methods of collecting 24

testing 425

Saxon Merino tibcre, individual extremes and avenges of Anenew 194

Sex, and part of llecee. intlnence of, 11)1011 strain and tit retch, shown by individual extreuids ami uvor:i;ji'* 305, 308

hnx-il. and portion of fleece, intliience of, upon fineness, shown by general extremes and averages 200

influence of, upon fineness of filxr 326

in various breeds 196

strain and stretch, shown by general extremes and averages 309

Sharpies*, 8. J., Philadelphia, Pa., bretxler of Sonthdowus 25

Sheep and wool industries, convention to promote 22

Sheep-breeders and Wool-growers' Associations, preparations by, for the International Exhibition at Philadelphia, Pa., 16HO 19

Sheep, entries of, breeds represented, number and aggregate value of animals 21

Shepherd dogs exhibited at Philadelphia, Pa., 1*30 21

Silk.H, raw, submitted by Prof. ('. V. Kiley, Department of Agriculture, Washington, D. C 33

measurements of fineness of 408

Skiodan's instrument for measuring fineness and crimp 47

Southdowus, comparative value, strength, and weight 383

fiber, averages for permanent and total stretch 381

extremes and averages of fineness of each sample, portion of fleece represented 102,193

general extremes and averages showing influence of breed, sex, and portion of fleece upon strain ami stretch . . 309

individual extremes and averages showing influence of breed upon strain and stretch 302,303
sex and part of fleece upon strain and stretch 305, 30f

wool, comparative quality of j 383

Spanish Merino fiber, individual extremes and average of fineness of 194

from the Humphrey importation 36

Spivey, Prank P., West Virginia, breeder of Merinos 26

Standard of fineness determined by leading (ierman authorities 50

Standards used in making comparisons ^. 50

Steiger, Herr E., Germany, measurements of lineuess of wools from 560,551

strain and stretch of wools from 556,556
st min and permanent stretch in wool fibers 379

Strain and stretch of Angora hair, extremes and averages of tests 404

general extremes and averages 405

results of tests 402,403

commercial grades, actual measurements 355-371

general extremes and averages
;!~l

individual extremes and averages
:;:

cross-bred wools from California, extreme and average measurement* 595,590

measurement.s of !>81-693

extreme and average measurements of by States:

California 535

Illinois 534,535

Minnesota 533,534
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\n -iiid stretch, extreme and iivi-r:n,'<- mrasuivmeute of by States Continued. Page.

New York 531

Peunsylvauia 532

Texas 53f>

Vermont 531

Wisconsin 53d, 53:!

influence of brood upon, on shown by individual extremes and averages 302,304

measurements of, by Slates:

California 522-527

Illinois 514-519

Minnesota 509-514

New York 490-494

Pennsylvania 494-499

Texas 519-522

Vermont 485-490

Wisconsin 499-509

Negretti wools from E. W. Perry, Illinois 552-554

HerrE. Steiger, Germany 555,556

of Merino wools, submitted by S. Archer, Missouri 391, 392

Hon. J. T. Rich, Michigan 395

Strain and total stretch as shown by tables

plotting diagram of 378

Strain, stretch, and elasticity, actual measurements showing relation between, in-
Commercial grades 264-268

Cotswold 225,833

, Hampshire 244,245

Lincoln 233-237

Merino 259-264

Oxforddowns 245-259

Strain, tensile, for wool, compared with same per cent, of total stretch in wronght-iron bar of equal cross-section 385,386

Strains, tensile, in grains, with average tensile strains for breed 381,382

Strawn, Abncr, Ottawa, 111., breeder of Cotswolds 2">

.Strength of fiber, methods of testing 377

comparative tensile, of wool, wrought iron, cast iron, and steel 385
'

Stretch. (See Strain.)

Structure and external form of libers 35

Synopsis of table showing the relative grade of breed as to fineness of fibers 80

Systems and instruments for determining fineness of fiber 4(i

T.

Table for reduction of centimillimeters to fractions of an inch 52-84

Tables, method of constructing 425

Tensile strength and stretch of fibers 377

comparative, of wool, wrought iron, cast iron and steel 384,385

ductility and elasticity of fiber 213

Texas, catalogue of wool samples from 423

wools, extreme and average measurements of fineness 530

strain and stretch 535

general results of all measurements 54]

measurements of fineness 474-477
strain and stretch 519-522

Thaer-Kliuort instrument for measuring fineness and crimp of wool 48

Transiuittal, letter of, of report 9

supplemental report ... 411,412
letters of, with wool samples 413-418

Transparency of the fiber 35
Treatment of fibers to reduce transparency 39

U.

Ultimate resistance and elasticity, relation between 425
of wool fibers, variation, indifferent grades .."..""^""".J"1."JJI.~".""" J!!"."""..""!."!I"!."!!""."! ....... 543

tenacity or resistance 425
value of wools examined

of both sexes 544
Uniformity in the quality of the staple in American wools 325

V.

Valm> of Merino wools as related to each other 4or,
basis of

.eg
Vain,-*, .M.mparative, of modulus of elasticity of wool, wrought iron," castYro"u,"aud steel"

es of wool compared with corresponding values obtained for wrought iron, cast iron, and steel 385
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of total, permanent, ami elastic stretch 364,380
i. in in *.unpli - <>f \VIHI| 424-496

strength of litters !a Urn fiom ditli-rciit pai t-- ot' -.inn- llree. .>_

ni nn "lull ul' rlasiicitv i'l ditt'ercnt L; i. I'll -> .v.v

ViTiiiiini. i -ai a I ox lie "I'wool xi i

ii]
1 1< -s I'roni 419,490

wools. cNticine iilnl BVeragfl mea-nleine'it- n|' iinrlieHS ._-

:i and stretch ;>:!!

general result-, ul all measurements &36, 537

measurement^ ul' linriirH* 430-ii'i

iiu and stretch 485-490

land's iiiHtriiiin'iil i'>r iiiiM.siirin^ li ni' urns ami crimp 47

inetlnxl t'i>r cutliiif; :unl support ul' liln-r si . IMMK t'in , uni nation 37

w.

Wailc, TlioiiiaH C., Sli-i'ia, Pa., liri'.-iliT ul" Linruln-. 26

\\Vi-lit-rli 1 1'> nn-asii n-iiii' n I x uf li MI-HI . iiiun. mnl value l>y ^railo 01

Whitliiiin. .1. !>., Valley Umve, \V. Va., sp.-rial cniiiriliiitor of commercial grades (.'

Willsun, i>., Minm-Mita, letter ut", transmitting samples .J14

Winkli-i'.- insirinneiit fur luoiwurin^ wmil lilici ami ci imps 47

.incite ot \viMil hamjilo fiom 421

woo' anil a \erage meaauremenU of finoness S88, 689

strain and Htretch 532,633

geueral result* of all measurements 53H.639
iiipanuroments of ItneuesH 447-460

strain anil tretch f. 499-509

\Vool. culli'cliun of, for scientific examination 23

umparative Miiouilines-. of, in different breeds 41

contributed 1>\ 0. II. Koiiey. 1'liilailelpliia, Pa 31

J. D. Whiliiam. Valley (Jrove, W. Va SJ

\V. 0. Markhain, Avon, X. V., (ieriuan grades 33

mi nation of 23

miscellaneous samples from various sources 33

of most important breeds represented at exhibition of 1880 23

provision for admission of, at International Exhibition in 1830 I
1

.'

quality of, on smooth skin as compared with that between wrinkles

I In- curve of the total stretch as compared with that of wrought iron 386

under microscopic examination, description of

Work, S. ('., breeder of Merinos 98
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