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You Answer These Questions?

How much English do your students know?

What has been their progress, collectively and

individually, since they entered your class
or school?

Is their progress as rapid as it should be?
Are they above or below the average?

In other words—How Effective is your Teach-
ing?

By using the Diagnostic Mastery Chart you have
instantly available accurate answers to these and many other

questions the conscientious teacher constantly asks himself.

Diagnostic Mastery Chart—40 cents (Plas postage)
Student Record Form—58 cents per pkg. of 25 (plus postage)

The Prineipal to theek the work of his feachers,

The Teacher to keep a continuous record of the

EN AB ]___E progress of his elags,

The Student to plot his own progress and compare
it with that of the class,

(Give teacher and student a fresh interest
= = = inEnglish study = = -
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Kwong Sémg Hong, Ltd.
Perfumers

Head Office : Hongkong
Branch Office: Tsinanfu
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Rl 2 ik
Sincere Co. Ltd.

Perfumers
Head Office: Hongkong
Branch Office, Yuan Si Street
' Tsinan, Phone No. 944

&Vr ATHLETIC GOODS 04/

~ Tennis, Football, Basketball, and O
Track & Field Equipment, Athletic Cloithing and Shoes,
Sweaters, School Uniforms, Sport Shirts, etc. ete.

Ta Pu Cheng Street. Telephone 2053
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BUILD A SOLID FOUNDATION

This is as great a necessity in teaching a language as in construct
ing a sky-seraper. Start your students off right by teaching them the
proper identification of the letters of the alphabet and training them in
the baszc sound of the language. :

1 THE FIRST ENGIISH BOOK by Prof. H. B. Graybill gives the
beginning student that knowledge of the fundamentals on which a real

Mas_tery of the English language depends.

Invaluable as a preparation for ‘‘Mastery of English’* Bonk I or
any other first reader. :

Price - - - 35 cents

| Other Publications
Textbooks.

Appleton—""Hygiene and Sanitation for China’’— (Chinese)
Barrow—""'Good Manuner”’
Graybill— ‘Mastery of English’’ Series—Books 1 to V'
(‘:iﬁng'—”AOricuIture” Book I—{Chinese)
Hulp—‘Civies’” Book T
Lo-Graybill—Practical Anthmehc
Miibee-Zee—General Science Laboratory Manual~—Chinese
Griffing—Agriculture—Book 11
Mabee-Zee—~General Science Laboratory Manual—

rd Edition,

Teachers' Booksi—

(7ze~—~Methods of Teaching Science
Chu—"The Mastery Method
Mibee-Zee—General Science Laboratory Manual-—

Tenchers’ Edé'.;tion.
In the Presgs:—

Sheng—Teaching Arithmetic in the Lower Grades

EDWARD EVANS & SONS, Limited,
- Tientsin Shanghai
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Siemens China Co.
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TUNG LAI BANK LTD.

Tsinan, Shantung, Chira.

Y. 8. YU, MANAGER.
Paid up Capital.......ccoiiriiiiiirienriiee e ccainnaas $3,000,000.00

A Chinese Bank Offering Complete Banking Facilities.
TCelephones : 1646, 456, 483, 1627

Head Office
TSINGTAU

Branches
TSINANFU, SHANGHAI TIENTSIN, DAIREN

Agents
PEKING, NANKING, CHEFOO, HSUCHOWFU, PENGPU
WUSIH, CHINKIANG, SOOCHOW, CHANGCHOW,
HANKOW, NANTUNG, HSTAKUAN.
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THE CHINESE AMERICAN
BANK OF COMMERCE

JOINT ENTHEPRISHE OF AMERICANS AND CHINESE
Authorized Capital. ..o e $10,000,000.00
Patd up Capttal ... .. $ 7,500,000.00

HEAD OFFICE: PEKING
EXECUTIVE OFFICE :
SHANGHAI

. Peking, Shanghai, Hankow, Tienlsin,
Branches : gTsfnan, Harbin and Shihkiachuang.

Correspondents : igix;'sgghou{ the world, including the interior of

Interest allowed on Current Accounts and Fixed Deposits,
Terms arranged on application.

Every description of Banking and Exchange Business
transacted.

WOBE A O W
SAVINGS DEPARTMENT

Savinds Deposits are cordlally invited
Favorable terms awe dgiven,

TSINAN OFFICE :
WEI SAN ROAD
TELEPHONE NO. 733 AND 506

MANAGER :
WU TSENG YU




BOERTER & NIGGEMAINN

Tsinan

ALL KINDS OF
MACHINERY

HARDWARE
BICYCLES
SAFES
ETC.

RUGS AND CARPETS OF OUR OWN MANUFACTURE
Agency of SCHERINGS, Ltd., Berlin

whose chemical products have long had a world-wide reputation.
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Every
Student
NEEDS

STANDARD KEYBOARD

Portable

SINGLE SHIFT

66 Rue de France TIENTSIN, Telephone 1783
TSINANEU SUB-AGENTS
The British American Tobacco Co. (China) Ltd.
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FRESH AND

OF ALL SORTS,

FRUIT JUICES, ETC.

DRIED FRUITS,

Tsinan

Opposite Second Road,

No. 467

Phone

Established 1913
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BEGINNING ENGLISH BOCKS
for use in

PRIMARY AND MIDDLE SCHOOLS

R R e

Rew System English Readers for Higher Primary Schools

Books | and {1, 20 cis. each . . .
The geries of two books is compiled by experienced textbook writ2rs for uze in hipher

primary schoocls,  Its materials and arvangement are specially suited to the present
condition in Chinese schrols that are conducted under the naw system.  The booke
are properiy graded proceeding {rom the easgier to the more difienit in & very
orderly manner,

New System Series: English Reader and Grammar for Junior Middle Schools

Baok I, 60 cts; Boak 11, 80 cls.; Book I}, §1.20

This serles i5 combiled especially for the use f the pew system janior middle
schools, one hook for each vaur. Fmphosgia Is laid on c¢orrelation between resder
and grammar. Exercizses in pronuneiation are amply provided with regaler reviews
after a certain number of lessons, The books are apmoved by the Minister of
oi Education, Peking, savitr that the puthor of this book is to be credited for
carefulness and originality in selecting reading materials and in providing vXamnples
to fllustrate grammatical prinei ples.

Teacher's Mannals for the above

Bapks [ and If, 50 ct«. each
These manuals are prepared by Dr. H, 1., Hargrove who has a lifelong teaching

exverience in English. Full belp has heen given in general points on teaching,
specinl suggestions for each lesson, the use ol pictures and blackboards, the employ-
ment of action to create interest, clagg and individual methods, and projects to
stimulate thinking, Manual for buok three will be ready In the inll of 19:5.

Seript Shests to Accompany the Above

Ronk [, 20 cls. .
These sheets will he'p teach the writing form of English words and hridge over the

transition from the wiiting to the prigted form,

Modern Textbooks Series: English Readers for Junior Middle Schools

Book I, 40 ct=.: Book FI, 50 cts.; Rook HI 70 cts.
This series of knglizh Kesder in three books is somniled secording to the new syetem
of edueation.  Hach hook contains thirty-gix lessons,  Direes method has keen
jntrodueed. Y mphesis are laid on rending, penmanship, gpelling, pronund {ation as
well s on graminar, sentence jorn ation, and composition.

Modern Texthooks Serirs: English Grammar for Junior Middle Schools

Baok I, 70 cts, Book I, in pres-
This grammar I8 pepared on new lines and degigned for use in new system sehools,
It combines the imductive and deductive methods of teaching, The sentence s
mady» the hagis of all stidy and developmuent, Little atterntion is poid to formal rule
definition, but essenlizls of grammar are introdnced with coareiel explanation and

exainpler,

Model English Readers

Baok 7, RO cfs.; Book 1, 31.20; Beok [f]. $71.20

Book IV, i e,
The Mode! English Readers nre a seties of fonr books snited to any schonl that offer
o course in linglish, They are sciencifie in the method of compilation and ape
recopnizied the best bouks {or learning English idinms—spoaking, rending, svno wiiting.

Lee’s Englieh Language Lessons
Board Cloth, $2.00: Limp cloth. $71.80
This new hook on Xeglish prammarand conversation iz the result of Dr, 0, 14, Lea's
aighteen years' experienve as teachers of fyreipn lanpoapres and cducationat adminis-
tratnr. The author bas adepled English Gramomar to the psychology of the Chincee
aludents, as no imparted text books have done, The hook is aimost ideal Tor students
who have stedied English {for & year or fwo.
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WITH THE EDITORS

{nity in Diversity.

UR readers are doubtless already acquainted with the events
O that have taken place in China during the shmmer; and many
are in all probability desirous to know what effect those
events have liad upon the University. Tt is loo carly vet to foretell
the changes that the changing situation will preduce in wus: and
the future is all unknown. But already certain significant steps in
the life of the University have been registered, and it is of these we
can speak with certainty. When the storm came upon us—people of
different nationalities, and of different creeds—the suprenie danger that
overshadowed us was that of flying asunder; the history of the summer
montlis has been the history of the manser in which we have drawn
closer togetlier: we have learnt the need of the other person’s point of
view ; we have grown into deeper friendships; we have examined into
the weaker parts of our work, and have questioned our aim and purpose;
and trinmphantly over all failure of the past has sounded the clarion -
call of our commission—simple and clear~and in the obligations of a
commpon service we have transcended the bitterness of national strife,

It is usual under such circtimstances as the present for editors to
speak with profound and judicial wisdom. But perhaps we shall be
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pardoned if on this occasion we forego our own wisdom, and draw from
that of Rudyard Kipling in the story of ‘' The Ship that Found
Herself.”’

To the owner’s daughter the little cargo boat was just a perfect
ship—newly built, painted and polistied; but to the skipper she was
*“ just irons and rivets and plates put into the form of a ship.”’ She
had yet to find herself ; she was all thera but the parts of her had not
learned to work together, EHvery bit of her had to be livened
up and made to work with its neighbour—‘‘ sweetenin’ her, we call it
technically.’” The crew could do no more than drive and steer her,
and so forth; but if they had rough weather on the trip, she would
learn the rest by heart. “‘ For a ship, ye'll obsairve, Miss Frazier, is
in no sense a reegid body closed at both ends. She’s a highly complex
structure o’ wvarious and conflicting strains, wi’ tissues that must give
an’ tak’ accordin’ to her personal modulus of elasteecity.”’

The little Dimbula took on her first cargo and put out to sea.
‘“ As soon as she met the lift of the open water, she naturally began to
talk.’’ She was strongly built, and “‘ every piece had been hammered,
or forged. or rolled, or punched by man, and had lived in the roar and
rattle of the ship-yard for months. ‘Therefore every separate piece had
its own separate wvoice in exact proportion to the amount of trouble
spent upon it,”’ As wave after wave beat upon her side, mounted
upon her deck, thrust her up from below : the deck-beams complained
of the weight of the capstan; the stringers complained of the heaving
of the deck-beams ¢ the scores and scores of frames along the side of the
ship called out against the stringers ; and the thousands and thousands
of rivets chattered against the frames. The screw raced as it was
heaved out of the water; and the [thrust-block cried indignantly against
the screw; while the cylinder was almost choked with dirty water
mixed with the steam. ‘‘ ‘Hush! oh, hush!* whispered the Steam,
who, of course had been to sea many times before.’’

Meanwhile the sea grew worse. ‘The fore-mast, who was high
enouigh to tuke a dispassionate view of things, telephoned down its
wire.stays that there was an organised conspiracy against them, for
every single wave was headed directly against their bows. ‘' ‘Organized
bubbles and spindthrift’ replied the waves, ‘there has teen a depression
in the Gulf of Mexico—which has advanced-—as far as Cape Halteras—
and is now going out to sea—to sea—to sea.’ ‘That’s all there is to
it’ seethed the white waler roaring through the scuppers. ‘’There’s no
animus in our proceedings. We're only meteoroiogical corollaries,’ *

A huge wave rose nnder the middle of the Dimbula, leaving her
bow and stern hanging free; then two waves lifted Ler at either end,
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and the great weght of the cargo pressed down on her keel. Ease
off ! Fase off I’ ** roared the plates, and the stringers, and the deck-beams
and the frames all together. The hundreds and hundreds of plates
tried to creep a little nearer or farther apart and complained against the
rivets, ‘' “We can’t help it! We can’t help it!’ they murmured in
reply. ‘We're put here to hold you, and we’re going to do it.” *?

* ‘Rigidity! Rigidity! Rigidity!’ thumped the engines, ' Absolute,
unvarying rigidity!” *?

At last one of the most important plates got a fraction of an inch
play, and all the bottom of the ship felt the easier for it. ‘' “Then
we're no good,’ sobbed the rivets, ‘We were ordered—we were
ordered—never to give: and we've given, and the sea will come in, and
we will all go to the botiom together!’* ** *Vou Aad to give a fraction,’
whispared the Steam, ‘and you have given without knowing it., Now,
hold on, as before.” ' What's the use?’ a few hundred rivets chattered.
‘ We've given—ie've given ; and the sooner we confess that we can’t
keep the ship together, and go off our little heads, the easier it will
be. No rivet forged can stand this strain.’ ‘ No one rivet was ever
meant to. Share it among you,’ the Steam answered. °‘The others
can have my share. I'm going to pull out,’ said a rivet in one of the
forward plates, ‘If you go, others will follow,’ hissed the Steam.
*There’s nothing so contagious in a boat as rivets going.””

The storm grew to its worst—boats were carried away, the scuppers
were nearly drowned : there was groaning and straining in the ship:
but not so loud or squeaky as before ; and now ‘‘ she did not jar stiffly,
like a poker hit on the floor, but gave with a supple little waggle, like
a perfectly balanced golf-club.”’

The stringers had discovered that the inward pull of the deck-
beams, and the outward thrust of the frames, locked them more closely
in their places. The deck-beams had discovered the support of the
hold-pillars helped them, and the frames found that the plating of the
bows and the stern, as well as the floors, helped them to resist any
tendency to spring, And the cylinders who were a little less stiff in
the back than before had to confess: ‘°‘If vou’d been hammered as
we’ve been this night, you wouldn’t be stiff — iff — iff — iff, either.
Theoreti — retti — retti — cally, of course, rigidity is the thing. Purr—
purr — practically, there has to be a litile give and take.”

And when the little cargo boat reached New Vork harhonr, there
was a new, big voice sounding through the parts.

“The Steam knew what had happened at once: for when a ship
finds herself all the talking of the separate pieces ceases and melts into
one voice, which is the soul of the ship.” F. S. D,



About Teachers.
J. D. MacRaAE

2| HE great teacher is a rare species. Vet his appearance is not
cotfined to any one time or people. Wherever he does
emerge he can scarcely miss recognition by discerning souls.
You cannot pigeon-hole the qualities which make him great; they are
too elusive, too much compounded of life-stuff itseli for that. Suppose,
however, that we endeavour to recall a few examples of those who
have been enshrined in the hearts of grateful pupils, or whose fame has
reached to our own day. Perhaps the exercigse may be illuminating in
its results.

Socrates is among the ' Immortals”” of the Greek world. Who
does not know something about the ' Socratic’ Method’’ ? But what
most interests us is not his method; neither is it his philosophy; for
he left behind him no system. What attracts rather is the picture
drawn by Plato and Xenophon, of the master at work to combat sham
knowledge in ali its formms and to prove that shem knowledge is real
ignorance. We see him surrounded by a group of eager young men;:
here he was always at his bes'. Plato malkes Alcibiades deseribe his
master thus: " He has only to speak aud my tears flow. Orators such
as Pericles never moved me in this may—never roused my soul to the
thought of my servile condition; but (Socrates) makes me think that
life is not worth living so long as I am what I am. Kven now, if I
were to listen I could not resist. 5o there is nothing for me bt to stop
my ears against this siren’s song and fly for wy life that I may not
grow old sitting at his feet. No-one wounld think that I had any
shame in me: but I am ashamed in the presence of Socrates.”’ With
all due allowance for exaggeration this is surely aremarkable tribute.

Turn to Alexandria, a few centuries later, and try to estimate the
work of Origen, another unforgettable teacher. He had been himself
disciplined for his task in more than one school. His father ITeonides,
with a high conception of & Christian f{ather’s vocation, refused to
depute to another the early cultivation of his boy’s heart. Origen owed
much, too, to the church in which he was nnriured. But he learned
most of all in the school of trial. He was, at one stage, full of a
passionate desire to die with his father, who hal been thrown ints
prison; indeed he was only saved by some stratagem of his mother. His
later years, too, were full of hardship and persecution. This is how
gne of his students described hin; and it is worth while noting that
it was in a valedictory address at his graduation and not in after vears

with the halo of distance round the head of an old master. “Origen
took us in hand”’, he declares, “‘as a skilled workman may take some
field unwronght. . . . He put us to the question and made pro-

positions to us, and listened tous in our replies. . . . Heset ahout
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clearing the soil, and turning it up and irrigating it and putting all
things in movement. And thorns and thistles and every kird of wild

herb or plant in our mind he cat ont and thoroughly removed by the
~ process of refutation and prohibition, sometimes assailing us in genuine
Socratic fashion, and again upsetting us, until by a kind of persuasive-
ness and constraint he reduced us to a state of guietude under him, by his
disconrse, which acted like a bridle in our mouth. And that was at
first an unpleasant experience for us, and not without pain . . . and
vet he purged us. And when he had made us adaptable he dealt with
us liberally and sowed good seed in season.”

In the English-speaking world the name of Thomas Arnold of Rugby
hae been widely known as that of a rare teacher. When his application
for the new position as head of Rugby was handed in tc the trustees,
one of those who sent testimonials, anxions to do the very best for his
nominee, expressed the conviction that if Mr. Arnold were elected he
would change the face of education all through the public schools of
England. This somewhat extravagant hope seems to have been fully
justified. Under Arnold the schoosl became not merely a place wlere 2
certain amount of classical or other learning was absorbed by boys but
the hom= of an intellectual, moral and religious discipline. Here
healthy characters were formed and men fitted for the responsibilities of
life. Iverything goes to show that what enabled himn to gaiun such
inflnence and retain the respect of so many grateful pupils was ‘‘the
intensely religious character of his whole life.” Of the Master of
Balliol, Jowett, whose memory 15 so fragrant in Oxford, it bas been
said that “‘his pupils became his friends for life. He discerned their
capabilities, studied their characters, and sought to remedy their defects
by frank and searching criticism. Like another Socrates he taught
them to know themselves, repressing vanity, encouraging the despon-
dent, and attaching all alike by his nunobtrusive sympathy.’” His real
claim to the remembrance of later generations was, without doubt, his
greatness as a moral teacher.

I recall the tributes paid to another great teacher of the North
American continent. He seemed to his friends to have about him
something which suggested the rugged prophets of Israel. At the
same time he was matked by traits of gentleness, humility, patience,
tolerance in an nnusual degree. He tanght his students that truth is g
large and miost precious thing; that none can grasp it all; that all do not
grasp the same aspect of it; that the search for truth demands the use of
heart and conscience as well as the intellect. He made men feel that
the simple things are really the great things. In his attitude to truil
he had the aspect of one who was ever filled with reverence; he led his
students to worship what e, himself, loved and reverenced,
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Tagore, the Indian mystic, furnishes a picture of his ideal
teacher, a young man who was early taken by death. We feel as
we read that we, too, should like to have known the man whom
it depicts. ‘‘He never had any feeling of distrust for boys’
capacity of understanding’, writes Tagore. ‘‘He wonld talk
and read to tkem about whatever was the subject in which
he himself was interested. He knew that it was not at all necessary
for the bays to understand literally and accurately, but that their minds
should be roused, and in this he was always successful. He was not
like other teackers, a mere vehicle of text-books. He made his teaching
personal, he himself was the source of it and therefore it was made of
life stuff, easily assimilable by the living human nature. ‘The reason
-of his success was his intense interest in life, in ideas, in everything
around him, in the boys who came in contact with him. He had his
inspiration not through the medium of books, but through the direct
communication of his sensitive mind with the world.’? Such a teacher
was well fitted to carry out what Tagore conceives to be the purpose
of education, the ‘‘fullest growth and freedom of the soul"’.

What most commends the education of the older school in China is
its emphasis on what is ethical and the c¢lose personal relationship
between pupil and teacher which it always cultivated. I question
whether we have in the West many instances of a loyaity and an
intimate friendship such as was the common thing in this land. Here
the grown man continned to the end t» look upon his former teacher
as his guide, philosopher and friend; he sought his advice on any and
all subjects. The abiding influence of the older man, gained through
close association in some private school in a remote hamlet, was often
the one support of good moral character in the life of the youth.

Can we find in these men whom we have studied any guide-posts
for today? I believe we can. Whether in Peking or Alexandria, in
the first century or the twentieth great teachers seem to exhibit certain
features in common. (1) Intimate friendship between teacher and
pupil. It ought tobean'axiom that this personal relationship is the most
fundamental thing in the practice of teaching. Without it the best
methods are fruitless. Truth that really counts in the making of man-
hood must be pressed home through henrt and conseience and not by the
exercise of mental gymnastic alone. But how can these come into play
unless conditions of intimate understanding and genuine sympathy, as
between teacher and taught, have first been established? We spend
much time in arranging time-tables, and plan for a place for everything
else: have we always done justice to this essential feature of our work
in school and wniversity? Is it not more apt to happen that we fill the
hours of the day so full of efforts to convey knowledge that we have no
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p'ace and no time for the making of men and wotmen? I am convinced
that the greatest service which we wheo teach could render to young
China today would be to offer to individual boys and girls and older
students onr personal friendship without stint. For that we have the
testimony of the life and practice of every great teacher of the past. We
need a rediscovery of the individual in the halls and on the campus of
our modern seats of learning. All corporate life and fitness for the
varied relationships in society depend upon it. And the first step in
the search must be taken by our teachers.

(2} A Tove and Reverence for I'ruth. Nothing but resolute
resistance will save us from becoming slaves to the text-book method.
It is not only canned foads which may prove unwholesome; the lack of
sufficient pabultiin in the form of suitable books on which our students
can be sef to do independent work almost inevitably drives us toward
the nse of the text-book digest. The study each term of a few bundred
pages of material about the subject tends to take the place of a real mastery
of it. Truth is living and must be understood and assimilated to be
lived out in character and parsonality. OQOur studeuts are eager to listen
to the teacher who with courage and reverence will follow truth

wherever truth leads.

“‘Happy the man taught by the truth itself ;
Not by the shapes and sounds that pass across his life,
But by the very truth.”

(3} A Belief in the Ultimate Value of Character and Personality.
The aim of education is something more than the fitling of students for
a vocation, or intellectual culture of 2 high order. Few will be found
to oppose the contention that it is moral and religious and has to do
with the making of character. Here is the acid test of all our work.
Will Christian education justify itself in China ? The answer lies
largely with our teachers. All that will contribute to the formation of
noble character musat be given its true place and value., The mere
acquisitin of knowledge without these elements is of little worth and
daily demonstrates its own fulitity. Have we the courage to put first

things first ?



Book Reviews

Several puablications of nnusoslly widespread interest, produced by
members of the University gtaft, have come from the press during the last two
months,  Below we mention three of the maost Iimportant ones:—

T'AT SITAYN by Dwight C. Baker. The Commercial Pross, Ltd,, Shanghal,
1925, Cloth, 225 pages.  $3.60 Mex,

Tn publishing this ook Mr. Baker hag rendered a valnable serviee to
all lovers of the Sacred Rastern Peak, and has ilted the lone-felt need for a good
publication in English descriptive of this world-famouns sacred mountain. The
volume follows in general the guide-book style of arranpement, leading the
reader up the steep T'ai Shan Road with its more than six thousand steps, to
the lofty summit a mile above the surrounding plains. All the points of his-
torie, relizinug, and seenie interest are deseribed in vivid fashion, and the reader
18 constantly made {o fecl the reality of the Tong line of sages and scholars and
emperors who have worshipped here through the ages and have left behind as
evidences of their loyalty and deyation the innumerable temples and towers and
monuments which dot the slopes and the summit of the mountain.

The hosk is well written and printed, and profusely illustrated
throughout,

PRACFPICAT ASTRONOMY (I B} ® %) by Wang Hst En. Shantung
Clhiristian University Press, Teinan, 1025, Paper, 280 pages.  $3.00 Mex.

This hook, which iz in Chinese, Torms a valuable addition to the
seientific literature ayailable in thig lunguage. The purpose awnd seope of the
work is well set forth in the Introduction prepared by Dr. W, M, Iayes, from
which we take the liberty of quoting:—

- “Far a number of yeara there has been no work accessible to the Chinese
gtudent, not acpuainted with western languages, by which he ecould obtain any
knowledge of Practical Asteonnmy. The following treatize has been prepared by
Prof. Wang H:i ¥n in order to meet this need, and being more complete than
any work of this nature hitherto eompiled in Chinese, altords facilities for the
study of astrononiical mathematies ¢qual to that allorded in high-class universi.
ties in America and Europe.

“Probably no one in China is more e mpetent than Professor Wang to
deal with these problems, and hig clear, logieal preosentation makes it enmpari-
tively easy for the student of higher mathemnatics to ecomprehend his treatment

WHAT I8 HADPENING IN CHINA, by Hareld Balme, 1dinbur:h
House Press, London,  Paper, 24 pages. Twopenee.
1

This pamphlet, thoneh prepared primarily o present to the British
public a elear-cut stateinent of the present g'tuation in China, contains mueh
that is of great value to Chrigtian workers in Ghina, both foreign and Chinese.
Taking a viewpoins keenly sympathetie toward the ideals and aspivations of the
Chinese people, Dr, Baline ontlines some of the activities and misunderstandings
of ghe last juarter-century which have contributed toward the present state of
gnrest in this eountry, and emphasizes the underlying ideals and motives which
are ton frequently obgeured by the more casily discernible unscttled eonditions.
In his eoneclusion he poinig out 2 number of ways in which the friends of the
Chinese people can best aid then in their task, and most Lelpfully ““extend to
them the Land of sympathy, ol coafidence, and of brothierhood.”



A Laboratory Guide for Middle Schoo!
Teachers of Physics

Dwarn ReN Dem
AND
Harorp W. HARKNESS

PrERACE

HIS is not a text-book nor laboratory manual in the ordinary
T sense. It is intended to be nothing more than a suggestion to
teachers of Middle School Physics. The authors, however,
cannot claim that it is more fool-proof than either a text-book or laboratory
manual and if it is used in the mechanical way in which many text-books
and manuals are used, it had much better viot have been written. The
authors’ only claim for it is, that put juto the hands of a teacher who
knows something about, and has s real interest in teaching, Physics,
these stiggestions will help him over the many difficulties encountered
in arranging individual experimental work for students when the

equipment at his disposal is as meagre as it is in most of the Middle
Schools.

The object of the laboratory conirse suggested in this manual s, in
general, threefold. Firstly, it is intended to train the student in
correct methods of quantitative observation. By this is meant, not only
the actual mechanical process of making an observation, but the habit
of making a clear record of observations with a view to interpreting
them correctly. Secondly, it is intended to train the students in the
elements of laboratory technique, by which is meant the ability to
visualize the details of an experiment before it is set up as well as the
ability to carry out, carefully and without unnecessary delay, these
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details. ‘Thirdly, it is intended to aid the students.in acquiring a
working knowledge of the simpler and more fundamental IDEAS in
Physics, without which it is as impossible to think Physically as it
would be to speak a language whose vocabulary was unknown.

No text-book is suggested. The authors' preference is that no
text-book should be nsed, References for teachers use are made in the
manual and whether the students are to use any of these suggested
books as text or for reference is left to the judgment of the teacher.
The more the teacher makes use of reference material and keeps his
eyes open to the physical world about him the  better. It is his
business to put the ‘‘ breath of life’? into the dry bones of this manual.

T'he list of apparatus suggested is intended to be a minimum. The
list has been compiled from actual experience, and without other
material this course in elementary physical measurements can be well
taught. If however any laboratory has an equipment which exceeds
this minimum, it ought to be nsed up to the limit. If better equipment
than snggested in this manual is available for any experiment, use it,
All of these experiments are easily modified to suit any eguipment.
The working drawings of apparatus to be made locally, have been made
with a view to simplifying apparatus as much as possible, and require,
for the most part, simple carpentry. Occasionally, as in the apparatus
for finding the period of a tuning fork, the skill of a local watchsmith
will need to be invoked. The form and dimensions of the apparatus
shot1ld be changed to snit local conditions.
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1925 1ARORATORY GUIDE IN PHYSICS 11

So far as preparation for entrance to the University is concerned
emphasis should be put upon the first twelve subjects. For those
who are not going on for further work the sixteen subjects cover
the ground of General Physics very well.

It is assumed that students studying this course have already had
a course in QGeneral Science. Assuming that this course is to be
covered in a year it is suggested that the work be arranged somewhat
as follows, the time allocated to laboratory being a minimum. In
general, two weeks should be given to each subject. During these two
weeks there should be one period of one hour given to introducing the
general subject, two periods of two hours each given to individual
experimental work, and three periods of one hour each given to discus-
sion of the general subject, reports by students upon their experimental
work and criticism of same, and drilling in the working of problems,
It is not necessary that each student should have done each experiment,
but during the seminar period each student should make himself
familiar with every experiment whether he has personally done it
or not. It is suggested that each student might do at least two of
the experiments under each subject from 1 to XIT inclusive.

GENERAT, INTRODUCTION
Students’ Equipment. It is suggested that the students equip
themselves with two note books of any description, provided all students
have the same type of books. One of these baoks is to be used to
tecord all the ohservations just as taken in the laboratory. This book
should be kept as neatly as possible even though it does not represent
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the final report of work done. The students should learn to make
their original records neatly, since to insist upon this is to insist that
students think their own way clearly through an experiment before they
commence work. The other book is used to record the final report of
the experiment in the general form directed by the teacher. ‘There is
no reason why this book should not be a model of neatness and clarity
of presentation. If possible have the students write in ink in this book.
A brush pen may be used except {or drawings which should be made
accurately with straight edge, triangle, and compass.

Data Sheets. 1t is suggested that the laboratory provide itself with
sheets of blank paper marked with the date, or preferably printed forms,
upon which the student will record a copy of only the es:ential data
recorded during the laboratory period. This should be handed to the
instructor when the student leaves the laboratory. It is sometime
useful for the teacher to compare this data with that used in the calcula-
tion of the student’s report.

Caleulations. The students should have if impressed upsn them
from the first that this is a course in Pavsics and not a cotrse in
mathematics. All calenlations made depend upon figures which repre-
sent guantiies cctually measured and must be used as such. From the
very first the teacher should consider as incorrect a result which contains
more significant figures than the poorest reading upon which the result
depends. The accuracy of a result is not increased by a long array of
figures following the decimal place. The probable correctness of the
calculation can nsually be determined by estimating the reasonableness
of the result. In dropping needless decimals always increase bv one
the last figure retained, if the part dropped is more than five: if jist
five or less, do not add one.
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In reading scales of any kind the last figure recorded is usually
estimated by the eye and conseguently doubtful. It is obviously useless
to extend a result beyond this doubtful figure. EKvery figure of a
product obtained by multiplying by a doubtful figure is doubtful and is
therefore of no value.

For example if we have data such as 4.85 and 6.78 which require

to be multiplied in order to obtain the result of an experiment, we have,
6.78
4.85

&890
5424

32.8880

The first decimal figure is doubtful so there is no point in retaining
any of the decimals after the first. The result is then 32.9 and this is
the CORRECT result whereas to record 32.8830 is quite INCORRECT and
should be considered so qitite as much as thowgh the arithmetic were
incorrect.

The teacher may wish to introduce a coniracted method of muiti-
plication and division so that doubtful figures need not berecorded. The
authors do not think this necessary and there are reasons why it might
be unwise to use it. This is left to the discretion of the teacher. If
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however, it is nsed the students should always be conscious of WHY
they are using it. For such contracted methods refer to any standard
laboratory manual.

Error. In order still farther to Impress upon the minds of the
students the fact that their final result is based upon measurements
which may be in error their reports should contain a few notes as to the
possible soutrces of error in the experiment. In any experiment giving
a numerical result the percentage error should be calculated and
recorded.

The Student’s Report. 'The report may be made in any way the
teacher wishes, provided that all the required informnation in the report
stands out clearly and in an orderly form, so that any one may at a
glance see the object of the experiment, apparatus used, method, data,
calculations, results, and, last but not least, the student’s name. The
authors’ preference is a report which is clearly arranged under the
following headings :

Student's Name

Object of Experiment

Apparatus Uged

Theory and Method. Under this heading there should always appear a
clear diggrammatie drawing of the apparatus used, showing clearly
how it is set up.

Observations, These should where possible appear in a neat tabulated
form, with all lines neatly drawn parallel to the edges of the report
gheet.
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Caleulations. Here should appear any special remarks about the calenla.
tions and in particular a sample calenlation in full.

Results and Conclusions. If the result is 2 mere numerieal eonstant record
it clearly, Here it is not often necessary fo make a comment. Where
the reselt is in the form of the relation between iwo variables it
ghould elways be shown graphically. This shounld also be accompanied
by a general statement about the relation obtained.

The Graph. Under the stadent’s report, it has been pointed out
that a graph should always be required where it is possible {0 represent
the result graphically. The reason for this is simply that the relation
between two variables appears most clearly and directly when shown
graphically. It is not necessary to make this too complicated for
Middle School students but with the teacher’s guidance they ought soon
to learn that a direct proportion is represented by a straight line, an
inverse proportion by an hyperbola and a quadratic relation by a para-
bola. They should learn to rezognize the general form of these curves
so that with a moment’s glance at a curve they could make a first
estimate of the relation existing between the variables under con-
sideration.

Here it is essential too that studen!s be drilled in the idea that
of two quantities, if one is proportional to the other, then 2 constant
ratio exists between the quantities and hence one guantity equals this
constant times the other. 7This is very simple but js of the utmost
tmportance and is a point with which they do not readily make thein-
selves familiar without endless drilling.

In this connection, the authors’ experience has taught them that
when student see that a variable A increases with another variable B,
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they af once jump to the conclusion that A is proportional to B. Con-
versely if a feww observations show that A decreases as B increases they
are iunversely proporiional. Try to get the students to maintain an
open mind toward such relations until the exact index which the
variable should have has been determined. Point out that we may
have the relation,
A=K B"
where n has any value such as 1,2,3,—1,—2, or—3 etc.
The experiment will determine this index.

The Laboratory Arerngement and Equipment, The teacher is re-
ferred for suggested designs for the laboratory to drawings by Dr.
Adolph, which appeared in the minutes of the Shantung Board of
Christian Hducation in 1924. If these are, in general, followed the
teacher should have no difficulty in carrying out the course herewith
suggested, ‘There are, however a few suggestions as to details which
will greatly assist the work.

It will be found useful to arrange at least four wall boards at points
in the laboratory where there is ample space. ‘These should follow
the design given in the introduction, except that only two of these
need have shelves at their base. ‘T'he boards should be fastened
firmly to the wall by first Inserting large wooden pegs fo which the
boatd can be screwed. The bottomm of the board should be approx-
imately the same height as the laboratory tables. 'These boards
can be used for suspending pendulums, springs, pulleys etc.
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It will be useful too, if above two of the laboratory tables ceiling
boards could be fastened quite rigidly and hooks placed in these at
useful points. These boards need ounly be approximately half the size
of the wall boards.

There should be a good supply of the following simple things in
the lahoratory:
Wooden Cslinders (Right) about 10 cm. long by 5 em. diam,
Wooden Parallelopipeds about 10 cmn. X8 em, X4 cm.

Wooden Laboratory Blocks for blocking up and supporting pieces
of laboratory apparatus. These shonld be of various sizes. A
very usefal size is 10 ¢n, X 10 eni. x5 em.

Iialf a dozen small drawing boards about 40 ¢m. X40 em.

Spring Balances. The authors are of the opinion that spring balasnce
shonid be put to greater use in the Middle School Laboratory. ‘This
will avoid the necessity of rough scales. The teacher should however,
make a point of calibrating all the balances at the beginning of the term
and supplying each balance with a calibration curve WrICH SHOULD BE
Usen. A suggested design of spring balance to be made Iocally will be
found amongst the drawings which will probably be cheaper than
balances bought from abroad or from Chinese firms, but it is siggested
that the laboratory be equipped with at least six good spring balances.
The size of the balance shown in the drawing should of course be
varied to suit the use to which it is to be put,

Parnllarx. In nearly every experiment care will need to be taken to
avoid the error arising from parallax when measuring lengths, When
a length is to be measured by means of a scale, let the scale be set on
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edge, so that the distance between the scale and the object being
measured is negligible. The students will have ample practice in this
while doing the experiments under Subject I, but the teacher must
see to it that these are not special precautions to be taken during these
particular experiments only, but that they apply equally to all physical
measurements, Sometimes it will not be possible to place the scale
directly upon the object being measured, in that case a mirror may
often be used to advantage as in Subject VIII, Experiment 3. By
placing a mirror beside the scale it is only necessary to place the eye in
such a position that the scale division which is in line with the point
observed and its image in the mirtor is observed.

Though parallax introduces these troublesome errors it is often
useful, as the students will learn in experiments under Subjects XTI and
XII., It is important that the students thoroughly understand this
“method of parallax’ as used there and appreciate the fact that it is
a very accurate method of locating an imasge. In explaining the
method there is no need t{o do more than to appeal to daily experience.

References. For more detailed discussion of the points referred to
in this short introduction the teacher is advised to look up the following
works:

The Infroduction to ‘A Laboratory Guide to Accompany Carhart
and Chute's Physies”—Chute,

The Introduetion to “Exercises in Elementary Physics” =Stitfer,

Pages 68 to 67 inclusive of “Elementary Practical Physics”—~Watson,
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Apperatus and Stock Required for « class of Fourteen Students,

Apparatus to be B*nm?atfrom Instrwanent Maker.
Meter Sticks ....... Ll
Spring Balances

250 Grs. v devan. $10.00

2000 Gre. ool 100 1000
Balance and Balance Weighte—Sensitivity 20 Mg. ..o vrinen
Weights with Hooks—20 to 3000 gr8.—3 Sels oo

Pulleys—3 single §1.50, 8 double $§2.40.. e iciivinns eee

Anerold BarometBr ..ot ir criescis sesreeaes setre s pee s b

Toning Fork .o iiinin e,

256 vibralions per second ......

Thermometera... coo....—10%C, 0 110°C. i in 12 i v veeres

Aleohel Lamps....,
Protractors....ooce e ool
Coneave Mirrors .o veeennns,
Convex Mirrors R
Triangular Prism ...
Convex Lenses..........o.eee.
Concave Lenses.......eveeveee s
Blast LL.amps .........
Bar Magnets....
Compass Needles...
Simple Galy anmcop(,s 2
Galvancmeters ., Szmple D Arsonval Typo

...dhout 25 cem, F L

Wb O o

12 13 LH

o]
=
ey
1.2

abhout la ¢im. ]~ L

(4]

L] 1 S X

Lo b

(o

-about L5 mm. long .8

Keys....... Qmole (.-ontftct . 3

Bwitch..... .....'...Slngle Conta(.t .
Eleectrie Bell .......

One Ohm Coils.veeeisen .. 4
200 OIm CoilBau s ottt civaes s anssrs vrmeeestnssse . e

Friction G1ass Ro .o e s ve cerrein veeeevast vmternasnens

Friction Vuleanite TEO0 ..o iesver iee canees e cos easses snmsne ensarssnnams

Stock and Supplies
Kerosene
Aleohol
Glass Tabing—

I omm, eapillary tubing o172 The i

i glass tubing.o e U b

8 mir, glass tubing ., ..nn 11h..

82 mm., glass tubing......eea 1 v
Annealed Glags Tobing ... 100 e long 4 e, dian.
MOTCULY vrreercaaemn necareencee D “J‘-

200 ce. beakers oo, h
S00 ce. beakors .. LB

Supply of \?aphtd. Ballb dbt)ll[ l lh

Thumb Tacks ..covvvvnevraneen 1 pk
Bealing Wax.....ooo v 8 fow sticks...
Aluminum ¥oil ... T hook ol
Bell Wire oooeivvicenens 110
D.C.O, Magnet \\ ire
No. 26 B & 8 Gauge coveeeve /40100
No. 30 B & S Gauge e 14 1Dy e

11,80

20,00
40.00
36,00
o.4U0
12.00
3.00
12.00
£.00
1.50
1.00
1.00
2.00
200
2.00
10.00
6.00
1.50
7.00
18.00
4,50
B0
1.20
5,60
2.50
.10
70

$ 100

Lo
1.60
1.10
R

240
2.0u

a0
1.00

1.00
150
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German Silver Wire, Bare,

No. 22 B& 8 Gauge coovvevernnn e L The i e e 480
Erlenmeyer Flasks......... D) CCurnemrirer B s rss s e ramseanaren sensmn 3OO
Florence Flasks «.ovee. 280 Cliicrrvenens 2 enverivvnere v sreaee 270
Raubber Stoppers

No.4........174 1b. {1/2 one hole § 1/2 two holes) ... 90

No. Beveerrveereesennns tW0 holese. s 2. vt .35

NoBer v iee v veeee tWo holes oenen, 2 .35

No. 8.. RN 1o 11 I a . .50
Glass Funnels 100 mm, d:ameter ...... 3 . 3.00
Rubher Tubmg-——thm wall (‘ernmrsr tvpe for ¢ g_enera] ]abnraior\

work—1/4" diam, 36" c.ocieer i e - e 400

Test Tuhes—
17 diam. 871008 o i B i s 40
374", B, i e Bt e 220

Apparatus Made Locally According to Working memgs Shor
Total Cost should not exceed ..oocr e e evceemne s e 25,00

If necessary the cost of apparatus as brmght from instrument
makers and agents may be somewhat reduced by purchasing fewer
spring balances and substituting home-made ones. As the list stands
it assumes that six spring balances will be made locally. The cost
of the laboratory balance conld be still further reduced to thirty dollars
by getting a still cheaper instrument but this is not advised.

Prices vary considerably amongst different fitms, but in order to
save freight ete. it is advisable to order entirely from one firm. The
list of apparatus, with the exception of the balance, will come by
Warcel Post.

The {ollowing firtms are suggested:

Mesars, The Central Scientifie Co.,
460 East Ohio Strect,
Chieayo, T11., U.5.A.

Mesgrs, Braun-Kncecht-Heimmann.Co.,
San Franeisco, Cal,, U.s.A,

Moessrs, DBaird & TPatlock Lid.,
14-15 Crods Street,

Hatton Garden,

Londen, E.C.1, England,

Messra, Sehmidt & Co.,
1 Hegi-Tang Tei-Ha-Tuny,
Peking,

Megsrs, The Ohina Lducational SBapply Association Lid,
C 58-54% Honan Road, Shanghail.
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Subject 1. Measurement of Length

Introduction. I,et the teacher give a short talk upon the
importance of learning to measure length correctly. When measure-
ments in Physics are analysed it will he found that practically every
measurement, in the last analysis, amounts to the measurement of a
length. For example the very common observation of the time upon
a watch or clock amounts to estimating, {o one tenth say, the fraction
of a space, the minute, over which the minute hand has travelled.
When we make a measurement of weight upon the lahoratory balances
we are also estimating lengths, for what we observe is the point, upon
a scale of lengths, where the pointer of the balance reverses its direction
and we try to estimate the smallest division upon the scale to one tenth.
Numerous other examples will occur to the teacher but will probably
not be appreciated by the students just at this stage. These may be
referred to later m the appropriate place. .

Now if lengths are to be compared we must of course have a unit
of length, just as when market vahies of goods are to be compared we
must have a unit of value, the dollar or the cash, etc. The unit of
length used in all scientific work is the geniimeter and it is one hundredth
of the meter which is a staudard length kept at Paris.
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Here all the students shounld be given meter sticks and with the
supervision of the teacher a thorough study of these must be made.
This will save much time later,

From this, advance to the unit of area, the square centimeter, and
finally the unit of volume, the cubic centimeter, getting clearly into
the students’ minds how one follows from the other. Discuss the square
meter and the cubic meter and have the students think out for themselves
the relation between these and the unit of area and volume.

Experiment I,

Object: ‘To Measttre the Area of a Laboratory Table.
Apparatus:  Meter stick.,

Method: Place any point of the meter stick at one edge of the
table and let the edge of the meter stick rest upon the table so that
there is no parallex between the scale and the point read. Record the
point on the scale which is opposite the edge of the table and puta
mark upon the table opposite some other point of the scale. Note
that these two points on the scale need not, and preferably will not be
the end points of the scale. Now placing any point of the scale
opposite the mark upon the table record the point upon the scale and
make a mark opposite a point near the other end of the scale. 'Thus
proceed until the end of the table is reached. Here record the point
on the scale which is opposite the edge of the table. Do this three
times for each edge of the tahle and take the average as the true length.
Record as shown below :

LR AT S R, SRR PR 207 5, dm
A F RN

B R HE 3 T B TR AL 0T e R S A s B A h T
s T 0 A T RIS AR B R 7 A GRS AT, 40 s ) 13 00 B3 B VL i
S5 i BB L) BT
TrEy—

LB st eempas s i BY

Rk mus.

S R — R A~ R R 2 — B |y
R B3 B OISR 2 IR HLIE EGR B > 20 I TR L i 0
e PR R A A LA o R RS L T S (AT
B 4570 2 L SO S RN M2 — B A B



1925 LABORATORY GUIDE IN PHYSICS 23

!
First Measurement Second Measurement, Third Measurement

Readings cm. Lengiths  Readings e, Teneths  Readings em. Lengths

oo 95,87
of o 97.33
106 9.63
Totals 202.83 ete. eto,

Average Length. ..o

Similarly measure the other edge of the table and the width at both ends
and thus calculate the area, being careful not to foke the result to
niore figures than justified by the measurements.

Experiment 2.
Object: 'To Find the Volume of a Block of Wood.
Apparatus:  Rectangular piece of wood, meter stick.

Method: Proceed to measure the edges of the block of wood,
as the edges of the table were measured in the previous experiment,
except that the edge of the block being much shorter than the length

T HCZ W R A B B BRI E R, BTHEE
BE SO F:

H—whax. S 1 P,
TRER R, s JERRBL g IR TE.
9 g 13 905.81
0 % 2 97 33
1063 9.63
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of the meter stick, the latter can be laid once upon the edge of the
block and the readings of the scale opposite the edges of the
block taken. Repeat the measurement three times for each edge,
each time changing the position of the block with respect to the scale.
Why? Having recorded all the readings, and thus found the average
length of the edges, the volume can be calculated. Make a neat
tabulated record:

Experiment 3.

Ohject: 'To find the Ratio between the Circumference of a Circle
and the Radius.

Apparatus:  Rectangular cylinder of wood, scale, pin.

Method: First find the circumference of the block by wrapping
a narrow strip of paper once around the block. When it is thus wound
about the block, make a pin prick so that it will go through two layers
of the paper just where the ends overlap. Unfold the paper and
measure the distanze between the two pin-pricks. Repeat several times
at different points 1pon the block and take the average,

i e A Z S L IR B, BB s EEE
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Figure No. 1 Ho— B
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Now place the cylinder horizontally upon the table and on each
side put a rectangular’ block of wood (See Fig. 1}). With a scale
measure the distance between the edges of the blocks of wood. Do this
at several points and get an average. This result, divided into the
former, will give the ratio, circumference to diameter.

Subject 1I. Density

Introduction. Weight is a measure of the pull of the earth upon a
body. Last day we fixed upon units of length, area and wvolume.
The unit of weight is the pull of the earth upon one unit volume of
water.¥ ‘This unit pull is called the gram. '

Density. The earth pulls different substances differently, as for
example the pull upon lead is much more than that upon wood. That
upon the air is less than that upon water, ete. If we wish to compare
the earth’s pull upon different substances we must consider unit volumes
of the substances. The pull of the earth upon unit volume of a

substance is called the density of that snbstance. Thus,
pull of earth on the body {its weight)
Density = number of unite of volume in the body

and we say that a body has a density of so many grams per c.c.

*Thig definition should be modified when subject IX is studied.
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Specific Gravity. The pull of the earth upon a given volume of a
body compared with its pull upon the same volume of water is called

the specific gravity of the substance. Thus,
. .o - Pull upon x units of vol. of substance
Specific Gravity = pull upon x units of volunie of water

Notice that this is a pure number, 2 ratio only. Because of the unit of
weight which we have chosen the number representing this ratio is the
same as the number representing the density ot the body,

Note that the earth attracts, or pulls down «all bodies, wood, iron,
glass, stone, brick, water, alcohol, air, etc., but with varying pulls.

It we wished to measure the density of any body, according to our
definition, we should find the weight of the body, then measure its
volume., Its density will be the former divided by the latter.

Esxperiment 1.
Object: 'To Find the Density of a Block of Wood.
Materials: Parallelopiped of wood, meter stick and spring balances.

Method : Weigh the block of wood as accurately as possible with
the balances which you are nsing. Measure its volume, as in Subject.
I, Experiment 1,
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Record.

Length Breadth Tlickness

12.01 4.81 7.13

12.00 £.63 18

11.98 4.61 714
Avig. 1L99 4.62 ¥.15
WWeilght, o oooieree s EFAHIS,

weight ,

Density =....crmenns . ) .}g.,l . =gra.jee

11,99 X 4.62 X7.15
Experiment 2.
Object: 'To Find the Density of L imestone.

Materials :  Sample of limestone (irregular in form), spring balan-
ces, overflow can, and small beaker to catch water from overflow can,

Method :  Weigh the stone. Fill the overflow can and carefully
place the stone in it, catching the overflow water in the small beaker.
See that no air bubbles adlbere to the stone. Weigh the water which
overflowed. Now suspend the stone from the spring balance which
was originally used to weigh it and arrange a beaker of water in such a
way that the suspended stoune is completely submerged in the water
contained iu the beaker. Record the weight,.

ALEk:

g2 5 =]
12 .01 161 .15
12,00 1.6 3 7.15
11,98 4 6 7.1 4
¥y 1199 4.6 2 7.1 -
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Record,

Weight of stone in air R 4.
Weight of stone in water =-—-———prx,
Losz of weight = e —OTR,
Weight of water in gmall

beaker (fromoverflow can) = — ———grs.
Volume of sione from over-

flow can experiment R U

From your data what do you conclude is the relation between the
loss of weight of the stone in water and its volume ? Notice that this
gives you a simple means of determining the volume of irregular bodies.
What is Archimedes’ Principle ?
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From data calculate the density., What is your precentage error if
the average density of limestone is 2.70 grs./cc?

Experiment 3.
Object : ‘To Find the Density of Alcohol.

Moterials :  Alcohol, small bottle, spring balances.

Method : Clean and dry the boftle and then weigh it. Fill with
water to a given mark, and weigh again. Empty the water, and fill the
bottle with alcohol tn the same point to which the water filled the
bottle,. Weigh again.

Record.

Weight of empty bottle T —r—pTH,

»r » bottle & water S————

2 5 Water =——
Voluome of bottle (1o mark) =——=—cc,
Weight of bottle and aleohol=-———grs,

. » gleohol ER e,
Therefore density of aleohol & ———grs. fec,

The average density of alcoho! is 0.80 grs./cc. What is your
precentage error ?
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Subject IH. Forces and How to Add Them

Introduction : If we see a wheelbarrow starting to move, or a
moviang barrow stopping, common experience leads ns to say that there
must be a force acting on the barrow. But there may be forces acting
on the body and yet the body not change its state of rest or motion.
For example the foundation of a house has all the weight of the walls
pushing on it but it does not move. Why? ‘The earth pushes upon
the foundation with an equal and opposite force. The Sum of the
forces is therefore equal to zero. Similarly two boys pull upon a rope
and it does not move if both pull with equal but opposite forces. We
see then, that when the SuM of the forces acting upon a bedy is not
zero, the body will commence to move, or a moving body will be
brought to rest if the total force upon it opposes its motion.

Similarly a boatman pulling a boat on a canal may move along at a
constant speed. He pulls one way and the water pushes the boat in the
opposite direction with just an equal and opposite force. If the man
stops pulling, one force is removed, the sum is no longer zero and the
boat soon comes to rest. ‘Thus we see that bodies which are not moving
or which are moving at a constant rate, have forces acting upon them,

the sum of which 15 zero.

The forces referred to above are all parallel forces, and we can
readily see that if the forces are in the same direction we add them in
the arithmetical sense, and if they are in the opposite direction we
subtract them. Or in the terms of geomefry and algebra if we called
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forces in one direction minus and the forces in the opposite direction
plus, we could always App forces which are parallel, Notice then that
our conception of forces includes an idea of direction. Two forces of
10 grams are not the same unless they are in the same direction.

The problem of finding the sum of
two forces is not so simple if the forces 3 - g%
are not parallel, For example a rope, an T st :2?
as in the illustration, is fastened to two KL - *
posts, and a weight W is suspended p
near the center, The point O, it will
be readily recognized, has three forces o
acting upon it in the directions OA,
OB, OW. The point is also at rest
from which we know that the Sux of
theze forces is zero. This will suggest
an experimental means of finding a
method of adding forces which are not  Figure No. 3 o= @3
parallel.

Experiment 1.
Object: 'To Learn How to Add Parallel Forces.
Muaterinds : Meter Stick, four spring balances, nails and string.

Method :  Arrange three balances and the meter stick as suggested
in the figure, adjusting the length of the strings until they are exactly
perpendicular to the meter stick. Record the reading of the balances.
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Repeat using four balances. What is the relation between the forces
pulling up, (in the iltustration) and those pulling down? What is the
sum of the forces?

‘Tabulate data and results neatly.

@ Figure No. 4
1T L1
4
E mE
—e
—-"_.-'-_—..ﬂ‘— -
=N b1 %‘E 7

Experiment 2.
Obgect : To Learn How to Add Forces which are not Parallel.
Moterinls :  Board with pegs, three spring balances, string.

Method ;  Arrange the balances in any way so that their readings
are within the middle third of their scales. Under the strings fix
firmly a sheet of paper and carefully mark the directions of the strings
A good way to do this is to place next to the string a good straight
thick block of wood and rule along the wood. Mark the balance
eadings on each line and remove the paper. Continue the lines until
they all three meet in their common point. Now decide upon a scale
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80 many cm. to the gm, and selecting Any Two of the forces scale off
their lengths, and complete the parallelogram upon them. Draw the
diagonal from O and measure its length. Reduce this to grs. by the
scale chosen and compare this magnitude with the magnitude of the
third force, OB. How are the directions related? What is the sum of
the force represented by this diagonal and the third force in your exp.?
From this experiment suggest a means of representing a force in magni-
ttde and direction.

Draw the two forces OD and DA, parallel to and perpendicular to
OB respectively, also draw the two forces OE and EC parallel to and
perpendicular to OB. Add the forces OD and OE. These can be
added algebraically since they are parallél. How do they compare with
OF or OB? What is the sum of the forces DA and EC?

From this result it is seen that we may use the forces OD, DA to
represent the force OA and the forces QE. EC to represent OC. In
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each case these two small forces are called the components of OA and
OC parallel to and at right angles to the direction OB.

If we wish to add non-parallel forces acting at a point, all that is
necessary to do is to resolve the forces into component forces in two
directions and then add algebraically.

 Repeat the experiment using different forces at different points.
Experiment 3. '
Object : To Study the Simple Derrick.

Materials : ‘Two spring balances, board nailed to the wall and having
several hooks screwed into it, stick about one neter long, and weights.

Procedure: Set up the derrick as in the illustration. Record the
reading to the spring balance C and of the weight W. Attach a spring
halance to A and by means of this balance pull the stick AB out parallel
to itself until the end B just leaves the wall, Take the reading of the
balance. ‘This will be equal to the force with which the stick is pushed
against the wall. Now the point A is obviously stationary under three
forces and these three forces are parallel to AC, AB and AW,

Measure the lengths AC, AB, and BC. On paper draw a triangle
abe which is similar to the triangle ABC formed by the members of the
derrick. Now with a suitable scale of forces scale off upon the sides
ac and ab of this triangle the two forces which are parailel to AC and
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AB. TLet these lengths be ac’ and ab’. Now join ¢’b’ and having
reduced its length to grams by means of the scale chosen compare it
with the weight W which is the force acting down at A.

Keep the students’ minds fixed upon the fact that we are
considering the forces acting upon the point A. Now the stick is
‘pushed against the wall but is also pushed out against the point A,
The string pulls up at A, If we draw arrows upon the diagram we get
the result that for a point at rest the forces when placed end to end
malke up a complete triangle. This is a useful result to remember, but
it is still better to remember how the result was obtained.
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Repeat the experiment by altering the positions of the rod, string,
point C, and the value of the weight W.

Experiment 4. _
Object :  ‘To Calibrate a Spring Ralance,

Materials:  Spring balance, weights, co-ordinate paper.

Procedure : Suspend the spring balance uﬁon one of the wall
boards. Remove the scale pan and place it upon the balances. Add
shot to the pan until shot and pan weigh just ten grams. Now replace
the scale pan and shot to the spring balance. TUsing the knot B on the
string as an index read the scale. This is the scale reading for a weight
of 10 grams, Increase the weight by ten grams at a time until the total
weight is 100 grams, in each case reading the scale division which is
opposite to the knot B.**

Record in two columns the stretching force and the sale readings.

Plot the results upon co-ordinate paper, choosing a proper scale,
Draw a ctrve throungh the points plotted, This is the calibration curve
for the balance and if the number of the balance is recorded upon the
paper this curve can be used to measure w c1gh{q
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Note whether these differ from the resting points as the weights were added. If
they differ seriously the spring has bheen stretehed beyond its elastie limit
and a new spring onght to he made.
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Using several objects of unknown weights, weigh them upon the
spring balance using the calibration curve to find the weight cor-
responding to the scale division which is opposite the knot B.

Note that the curve obtained is a straight line, i.e. the stretch is
proportional to the stretching force.
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Subject 1V. Moments and How to Add Them

Introduction. Tveryone is familiar with the fact that when a
cart is loaded the load is arranged so that the mule which is
to pull the cart does not need to support the load, but only needs
to pall. A glance at the accompanying sketch will show what
is meant by this. The earth pulls down on the load in the
cart, but if this load is properly located the pull will just go through
the axle of the cart, and hence it cannot overturn the cart. The
second sketch shows the same thing considered in another way.
The earth pulls on the rear part of the load and tends to turn the cart
in the direction A, but if the frout part of the load is propetly adjusted
in quantity and position, its tendency to averturn the cart in the
direction B, will just counterbalance the tendency of the rear part to
overturn the cart in the direction A.
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Notice that under these circumstances there are three forces acting
upon the cart, two down and one up. The cart does not change iis
motion up or down, that is it does not leave the earth’s surface and it
does not enter the earth, therefore the sum of these three forces is zero,
The two downward forces are then equal to the upward force.- The
sum of the two downward forces is the force through the axle as
indicated in the first sketch.

The teacher is to note other illustrations of balanced tendencies to
rotation, as in the rickshow, wheelbarrow, carrying pole, a grinding
mill being turned at a constant rate, the common balance (¥) ete.

The Moment of a Force is defined as the force multiplied by the
distances of the force from the center about which it tends to turn the
body. Notice that the direction of the force and the line along which
the distance is measured must make an angle of 90°,
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In the illustration of the cart, the moments are Fixi, Fax» and FxD.
Of these the latter has no turning effect about the axle of the cart and
the first two tend to turn the cart in opposite directions and therefore
like the forces which we talked about in Subject III. If we call one
direction positive the opposite direction is negative and taking this into
consideration we may add algebracially all the three moments about the
axle of the cart, and they will appear as follows,

moments in one direction = moments in the other direction
Faxo + Fx0 = i
or Foxoa = Fixy

Experiment I.

Object: To Learn How to Add the Moments Acting upon a Boby.

Materials :  Meter stick, support, needle® weights.

Procedure : Balance the meter stick, with its width horizontal,
upon a sharp edge. When this is carefully balanced, mark the point of
balance and at this point and a distance of one-third of the width of the
stick from the edge drill a fine hole which is just large enough to take a
coarse needle. Insert the needle and place upon the support.

By means of a string suspend one of the balance weights, say 100
grams, from one half of the stick, from any point, Select another 100

*The experiment wiH_ be implzafed. hy_nsmg%saltz:ble knife edge, instead
of the needle. These may be purchased from the Central Scientific Co. for abont
filty cents each.
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gram weight and suspend it from the other half of the stick at such a
point as to put the stick back inte balance.

How many forces are now applied to the stick? How does the
distance of the two weights from the knife edge compare? Calculate
the moments of the two forces.

. Notice that the earth pulls the stick itself. When therefore the
stick alone was halanced, where must the sum of all the forces pulling
each cm. of the stick down have acted? ‘This is called the center of
gravity of the stick, because as we have seen the earth pulls the stick
as though it were all at this point. When therefore we are discussing
the pull of the earth upou a body we may think of it as pulling through
the center of gravity of the body.

Now add several weights of different sizes to each side of the
balance arm until 2 balance is struck. Record weights and distances
from the needle. Calculate the moments, placing those which tend
to turn the body in a clockwise direction in one column and those
tending to turn in an anti-clockwise direction in another column.
Add up the moments in the two columns, What relation exists
between them?

Weigh the meter stick on a balance. Set it up again, but this time
have the needle at some point other than the center of gravity of the
stick, for example at the 30 cn1. mark., Add a weight to the short end
until the stick is balanced, Since the moment exerted by the weight
balances the moment exerted by the pull of the earth upon the stick,
which is the-weight of the stick, calculate the point at which the earth’s
pull acts. Compare this with the point at which the stick was originally
balanced.
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Eecord:
F;xd; Fyxdyg Fyxdy Fyxd, Fyxdg Fexdg
¥ x4 (Clockwise) Fx d (Anti.clockwise)
Point of Balance of Meter stick cm.
Weight of stick .. - - gris
Calculated Center of Grawty e,

Experiment 2,

~ Object: To Fiad the Center of Gravity and Weight of a Non-
uniform Bar.

Materials :  Non-uniform bar, knife-edge and support, balance
,_weights.
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Method :  Set the bar up about its mid-point. On each side hang
balance weights until a balance is struck. Record weights and
distances from the knife edge, not forgetting the weight of the bar and
the distance of the center of gravity from the knife-edge. (Let X =the
distance and W =the weight of the bar).

Next change the weights or their positions or both. Balance and
record as before. Make a record as in Experiment 1. You will now
have two separate equations connecting the moments acting on the bar

and from these two equations yon can find the two unknown guantities,
W and X,

Weigh the bar and compare the weighing with the result obtained
from your experiment.

Balance the bar by itself on the knife edge and compare the point
of balance with the position of the center of gravity obtained from your
experiment.

Record the percentage error i your experiment.
Experiment 3,

Olject: 'To Locate the Center of Gravity of an Irregular Plane,
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Muterials :  Plane piece of board or metal, plumb-bobh, and nail.

Method : Hang up the plane on a nail and on the same nail hang
the plumb.bob. Since the plane is balanced the upward pull on the
nail balances the downward pull of the earth on the board and this pull
must act through the nail, or otherwise the board would rotate. Also
the pull of the earth not only acts through the nail, but it acts
straight down in the direction indicated by the plumb-line. With a
straight edge block, mark this line on the board. We know . that the
center of gravity is somewhere in this line.

Now hang the board and plumb-bob up by some other point in its
plane and repeat the experiment. ‘The center of gravity is in the
new line obtained and therefore is must be at the intersection of the
two lines,

Support the plane horizontally at this point and see if it is
balanced.
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Experiment 4.

Object -  ‘To Learn to Add Moments, {Forces Inclined to the Lever
Arm).

Materials: Meter stick with ‘small pin hole at the center and at
the 50 cm. mark and small wooden pegs of the decimeter points, two
spring balances, capillary tube, paper, square.

Procedure : With thumb-tacks fix a large sheet of paper to the
table, and at a point about an inch below the upper edge of the paper
and at its mid-point fix a needle firmly through the paper and into the
table. ‘The needle should be quite vertical. Over the needle place a
piece of capillary tube about 0.5 cm. long, (See Figure 14}, and over
this place the meter stick. The meter-stick will then form a lever
moving in a horizontal plane with the needle as fulerum. Holding the
meter-stick steady and as nearly parallel to the edge of the paper as
possible draw a line along its lower edge with a sharp pencil. At the
20 and 80 cm. points draw, by means of the square, two lines perpendi-
cular to the edge of the meter stick {i.e. the line just drawn).

Hook one of the balances to the pin at the 30 cm. point and
stretch it, keeping the meter-stick parallel to the line originally drawn,
until the index is about half-way down the scale. See that the edge of
the balance scale and the string are in the line which was drawn per-
pendicular to the edge of the meter-stick. Fix the balance in this
position. In the same way adjust the second balance, which is to be
hooked to the 80 cw. point, until the meter-stick lies parallel to its
original position, 1.e. the edge lies over the line originally drawn.

HERTYe
AT o i RRR RS 2 3 )
e FRUA S TL b B R 50 W B A BUINA ST 8122
— IR B BT, R ER.
15 e M IR A RE R b, FERIERE L SR~ Bz o
B b B G — 5k BHEEIA SR S5 H AR S R0 SRS 2 i A
Wk B, CRIED) B Ve, AT b, BURRAR B0 R WU, A 8115 £ 20,
A B ROK 2R T P B3 B RE S5 SRR ZRAT MR S5 R SR S e
A S0P FRSCRTRS 418 DI T B Sk, (TR 8 i)
0 — 27 A 80 FH A Lo B2 , BB RLR B 2 005 47, 1)

L & S LS By £ I prn PR A NS 5y ey e W LT 5 S
B SHRERE S 2, TR E S ETS BRI flun Ak

STTERRA JL OB . An SEWEIE 28 R 4R, 2y I 80 S B AL, LAERRAL
JFARALE AT, (8 FinIBEHE A



1925 LABORATORY CUIDE IN PHVYSICS 45

Now take the readings of the balances. Show from these that
the moments about the fulerum are equal.

Now readjust the right hand balance so that (1) the lever comes
back to its original position, {2) the string of the balance is parallel to
its scale. When this is so the edge of the scale of the balance will
point directly ta the place upon the meter-stick at which the balance is
attached, Take the reading of the two balances, and run a pencil
along the edge of the scale of the balance ab. Now remove the balance
and produce this line to f; also draw the line gh, from the fuleram g,
perpendicular to af, and measure the distance gh, i.e. the perpendicular
digtance between ihe fulcrum and the direction of the force acting at f,
Multiply this perpendicular distance by the reading of the balance when
in the position ab, and this will be found to be equal to the moment of
the other force acting at e.

Hence it follows that the moment of a force about a point is equal
to the product of the force into the perpendicular distance between
the point and the line of action of the force,
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Experiment 5.

Object: 'To Learn to Use the Laboratory Balances.
Materials : Balance, balance weights, bottle.

Procedure : 'The first thing to do always when using a balance is
to find its resting point and its sensitivity, First study the construction
of the balance carefully. . If the scale beneath the pointer is not marked
then mark it as shown in the figure below. Now raise the balance
fulecrum by means of the lever provided and watch the pointer as it
moves over the scale. Starting at the left of the scale record the
turning points of the pointer for three successive turnings. If for
example they are as shown below :

Ieft Right
3.1 14.2
6.2
fane S B @rc f g, U S

F F & o TS
Figure No. 15 5 + H B

then obviously the resting point is 9.9, i.e, the average of these
turning points. ‘This then is the correct resting point.

Now put the bottle into the left hand scale pan, and add weights,
Ly means of the tweezers provided, qwl systematically, until a resting point
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by a rough observation nearly the correct ome is obtained. Let the
weights added be 30.5 grams. Now find the resting point exactly.
Let it be 7.8. Are the weights added too many or too few?

Now remove a 0.1 gram weight, and record the new resting point
Ietitbe 11.5. Then by the removal of 0.1 gram the resting point
moved over 11.5—7.8, ie. 3.7 scale divisions. But we need only
remove enough weights to make the pointer move over 9.9—7.8, ie.
2.1 divisions. Xence we should have removed,

2.1
01x37

i.e. 0.06 grams. Hence the correct weight is 30.5—90.06 = 25%.44 grams.

Hrom the above result the sensitivity of the balance is 3.7 divisions
per 0.1 gram, and for future use of this balance during this experiment
this resuit can be used to caleutlate the correct weighing directly.

Now put some water into the bottle and weigh again. Let the
weights added be 56.3 grams, and the resting point be 12,4, Are
the balance weights added too heavy or too light? To obfain the
corréct resting point the resting point nrust move through 12.4—9.9,

i.e. 2.5 divisions, therefore we must add to the balance weights

0.1x gjﬁ? i.e. 0,07 grams, and the correct weight is, 56.3 +0.07 =56.37

grams.
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What is the weight of water in the bottle?

All the students should sooner or later, be given a chance to do
this experiment, and it should be impressed upon them that this is the
only way in which the balance should be used,

The above illustration should be varied to fit the sensitivity of the
balance in the laboratory. Here a very rough balance has been assumed.

In this experiment all the turning points of the pointer in each
case should be recorded and reported in the experiment. In future
experiments where the balance is 11sed it is only necessary to record the
sensitivity, and where an absolute measurement is required, as distinct
from a difference of two weighings, the resting point, light, should be
recorded, as in the above illustration.

Let the teacher see that the students appreciate the fact that t]:n';
experiment contes properly under a study of moments.

{ Continued in the December issue of CHEELOO)
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Photography, Eniarging, Supplies,
Developing, and Printing.
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careful camera service obtainable
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Furopean ART LIGHT Photo Stindio newly opened
upstaits above Messrs, Beerter and Niggeman's Import
Department, Erh Ta Ma L.

ART LiGMHT is up-to-date in all photo technigus. All
strveying will he made by special electric photo lamps, and
this will enable the Studio to be highly artistic in all kinds
of photo work,

ART LIGHT is one of the best photo studios in T'sinan,
and will give complete satisfaction to everyone. All work is
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