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A SERIES OF LECTURE DEMONSTRATIONS IN COLLEGE PHYSICS

PREFACE

In these days, when of the writinz of theses there is no end, it appears

important to me that good reason should be advanced for writing another.
The progfam which I have pursued aud which is presented here =z n "thesig®
has for a long time been in my mind. The situation which presented itself
this year provided a most favorable opportunity to carry out the project.
In the first place, I bad charge of lecture-demonstrations for %wo men in
the department. This in itself would not ordinarily be much of a job.\ Bab
when it Decomes necessary to Bpen? gome hours in gathering together the
several pieces which constitute agdemcnstration of one single principle,
the task becomes no small one. (% refer here to guch details as finding &
glass tube of the right bore, bending it, and fitting it to & stopper.)-
The reasonableness of the underteking, therefore, became more evident %o me
as time advanced. It seemed to me-that considerable advantase would be
found in baving a collection of lecture demonstrations placed away in such
a manner ag %0 be immediately availableo for the classroom. Thus in the
first instance was my p?ogram govérned by actral need.
i

The second impelliﬁg force was, that as a teacher I am constantly
urged by the ambition %o maks my teaching more effective. From my brief
experience I am convinced that no better instrument exists than good
demonstrations. Fortunately, the teaching of Physics is, by the very
nature of the subjeet, particularly adspted to classroom demonsiration.

That there is no substitute for experimehtal observation neéds no
debate. Laboratory courses at best satisfy this only cursorily. Of the

i




covatless experiments which contribute to an understanding of physical
vhenomens not more than two score are actually performed in the laboratory.
As teachers I believe it is our duty to share as completely as we can ﬁh@
wealth of interest and imstruction which lies hidden in experimeantation,
and one of the efficient instruments for this is the lecture demonstration.
I% is fairly obvious that there is no mors potent means of maintaining
interest, of making principles vivid and alive, and of stimulating discus-
sion and decision than lecture demonstrations. As Professor Harvey B. Lemon
a2t Chicago says, 'The demonstration lectiure has long been the most use-
ful device in science teaching.®

'Inasmuch.as the body of this thesis is concerned with what to demon~
gtrate, it is feasibDle at this point to say something gbout demonstrations.
The fundamental purpose of o demonstration is, obviously, to ﬁémonstrate.
it would appear at first unneceggsary to remark this; mt too ofﬁen the -
principle to be conveyed becomes veiled in mysticism. Particularly is this
true of those experimenta whichkrequire elnborate setfupsa Simplicity»i
ghould be achieved above all things. By elaborate displays the student is
very likely impressed but not always instructed, and the more puzzling and
intricate the experimental arrangement the less undsrstood is the prino"
ciple. 1% is my conviction that the student must see clearly the actual
working arrangeﬁent of an experiment before he ¢ar properly zrasp the
phjsical principle in?olved. In some instances, of course, it is lesiti-.
mate for the instructor to bebave as & "magician®, but the final gesture
shéuld be to clarify and'eipose. not to mystify and conceall

‘Thie last leads immédiately to the next consideration, nemely, that

demonstrations are for the siudent. Very often the instructor's own per-
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sonal enjoyment determimes the merits of & particular demonstration, and

- the value of the experiment in terms of what the student sees and under-
stands is quite negligible. 1% is imperative that the student see and hear
everything from whatever position he occupies, and every experiment should
be examined critically with this in mind. It is not uncommon for instruc-
tors to show demonstrations which are practically invisible to most of the
¢lass.

Concerning the methods of demonstrating, it is obvious that each
instructor bebaves in his own peculiar manner and gpplies his own methods
to his owa situation. There are perhaps as many ‘methods" of demomstrating
as there avre demonstrators. However, a fow items stand oubt prominently
important énd I present them without lengthy discourse.

The férst concerns the lecture table. It is important that this pre-
sent an or%erly. systematic arrangement. Nothing can be more distracting
and confus%ng than to have the instructor flitting from one end of the
table to t%e other. If I were to isolate the one most important espect of
‘lecture de%anstrations. I believe it would be orderliness; An orderly lec~
ture table%eonveys above all else the quality of orderly thinking which
should be impreased on all students.

. Next %o this in importance is the notion of “timing®, as it is called
on Yhe stage. It iz obvious that if an experiment is %o become an integral
.pert of the immediate lesson there is but one aporopriate time at whieh §c
-'perform'it. ir shown.too<sqon the student is unprepsred; if delayed, its
-effectiveness is also lost, - Too much attention cannot be given this
agpect of a demonsiration.

The probdlem of.whether to show a few weil~eeleéted oxperiments or to
run guickly through a great number has two answers. In general it is
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perhkaps more profitable to show a few with care ard deliberation, altkhough
an occasional M"show" has ;emarkable stimlating effects.

The monner of presentation is of vitel importance, and this is gov-
erned to0 a large degree by the expertness of manipulation and the aglility
of the teacher. Above all must he be alive snd enthmsissbic. if, with
these, is coupled s clear and forceful langusge,!the moss comnonplzce dem-
ongiration cannot fail to excite enthusiasm.

- I¥ is . of comsiderable consequence sometimés, from the point of view
of uman considerations, 10 enlist or ask for student nesistence in the
performance of an experiment. There is always an occesional siudent whe
has a burning desire to participate and his enthusiasm should not be
chilled. It is, of course, advisable that explicit orders be made to the
effect that apparatus must not be handled before the demonstration. (The
aathor has found it fruitful to make seversl standing rules regarding this
ab the beginning of the year.) After the claas peried the demonstration
pieces should be made available to those students who wish to perform and
observe the experiment by thomselves. Thig, it is well known, ig rarely,
if ever, dome. It is cbvious, of course, that such habits should not apply
to expensive and intricate pieces. That it is not done at all is agalin s
commentary on the system to which we as teachers muast yielﬂ; Hepeatedly
is the teacher constrained to rush the apparatus back to the cupboard
- where it is hidden until another yeer.

In many demonstrations it is instructive 4o ask the class o decide
for ﬁhemselves how Hatore will behave. This invariably excites an inﬁer»
est which might otherwise be only passive. It affords, t00, an opportun~

ity for the student to proceed, by logic alone, from cause to effoct. )
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It is lmportant, in the suthor's mind, to hold before the class at
all times the practical significance of the physical phenomens demon=
strated. With nearly overy exzperiment goes the query, '"what use can we
mekke of 1%?", and it 1s by explicitly peinting this out that the student
can see the relation of theoretical principle to everyday worksble fact.

Not infrequently one can make the demomstration quantitative by which
it then becomes an interesting asnalyticel problem. This should not, how-
ever, be done %00 often for thé students will scon come 0 assoclate dem-
onatration with problem working and -their interest will rapidly wane.

Of particular interest to the suthor is the hisbtory which eavelopes
overy elementary demonsiration. Mors, very much more, should be mads of
this. It is indeed profitable that the teacher szay more sbout the men who
tuilt the scisnce sud their bumble methods that yielded great diascoveries.
How really fascinating it is to repeat, under humble conditions, the exper-
-iments of Galileo, Faraday, QOersted, Ampere, and others; And the lecture
demonstration provides excellent occasion to relive these momentous eventa.

Pinslly, there is the matter of a demonstration falling at the crucial
mﬂmént. This, it is said, happens in the best of families! One should, of
courée. make as certain as possible that everything is in working order
before the demonstration is shown. If pitfalls do then arise oxcellent use
can 5611l be mads of them. '

1% is, of course, vanity to hope that this thesis will not follow the
course usually taken by theses, to wit: library files and dust! Bub it
is hoped, nevertheless. The very nature of the paper permits a nearly
endless addition and modification and the student who agpires to teaching

- Physics could not more wisely invest his time. For myself I can say as




bas meny times been said, 'If any shall learn from reading this paper
half ss mich as its writer has learned from writimg it, no further jus-
tification will be needed.’ . I msy say, ©0o, as Anirade says in that
noble dedication to Rutherford, %1 fear that it will avail me little ﬁg
plead the Largeness of my design as an Excuse for an imperfeet sxecution

of its Particulars.®
J. S, Miller
The University

Moscow,. Idaho
Spring, 1940
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THTRODUCTION

The demonstration experiments which aré presented in the -f@llowing'
peges are arranged in nc,v‘ rigld or sbtereclyped order. It is obvious that the
sequence of topics shudied in the classroom varies with the texztbook and the
teacher, and this alone precludes any formal order. The sxperiments are,.
however, grouped according to the usual main divisions of & course in College
Physics, namely, Mechenlics, Heat, Rlectricity end Magnetism, Sound, and Light.
Where further divicion was convenient end helpful, it was inbtroduced. For
example, in the main division of Mechanics o series of demonstrations appsars
which ig more properly labeled Mechanics of Liguids.

Fach of the demonstrations hag o $itle which conveys the conient or
nature of the experiment. In geneial, & lisht of the nedessary a@pai-atus is
glven, followed by o brief statement of procedure. In some cases, departire
from this form 'was deemed zdvisable for reasous of simplicity and clarity.

At occasional demonstration is ecited which requives only a showing op displey
of ‘the apparntus, e.g.-.v Types of Hognséts. UThese are included as reminders of
what the department has in the way of demonstration pleces.

©In pessing i% may be saﬁd that every ome of the experiments describei
has been worked out in She laboratory and then shown in the classroom. VWhere
practicnble, the set-ups were left intact and placed in closed cupboards,
properly labeled, where 't;\h'ey are immediately available fur usé. This hag |
already shown itself to be a. \c'onsiderable time=seving device. In additiﬁan;.
thg whole array has been 'iyped out on filing cards,; & set of which is in the

0ffice of the Department,

J. SQ kin
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A SERIES OF LECTURE DEMONSTRATIONS IN COLLEGE PHYSICS
24

. JULIUS. SUMNER MILLER

HEGHANICS

Principle of Momentis
Apparatus: HMeter stick p_rovided vith knife-edge clamp and supporting stend;
A wolghts provided with loops of thread.
Procedure: DBalance the meter stick. On the right arm hang a weight of any
| megnitude ab any position. On the left hemg another, not neces-
sarily equal to that on the right, and r&éstablish balence.
Show alge’uréai@ea.liy that the sum of the momentsl is zero.
Modify the demonstrabion by the additicn of favther meights sud

ghow the principle in each case on the blackboard.

A Prineiple of Homentis.

Spparatus: ;?1at£orm balance; me'ter stick and support; -weights.

Procedure; Suppord the meter stick off cemter and balance it with a slngle
weight. Give to. the elass t’h‘.a.‘ positions of ghe-MGm weigm
a.na the eenter. oﬁ‘ giavity of the stick and from this .&at_a:have
them compute the welght of the stick. | |

Gheek the value by weighing on the platform balance.

Principle of Moments
Apparatus: Drawing board supported on horizonbtal axis normal to its plane
through 1ts .c,ente_zf m.xd_fre‘e fo turn in a vertical planej wei’éh‘es;_
threed; thumb tacks; :meter stick.
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Procedures

Apparatust

Procedure:

Apparatus:

Procedure:

Apparatus:

Hang several weights from thumb $acks stuck into the board at

verious points. Adjust these for equilibrium. Show that tho

alegebraic sum of the moments of all the forces is equal t¢ 5erO.

Equilibriun of Fortes
Two spring balances; string, weights, hoqké or nails some dis-- :
tance apart at the top of the blackboa.r;i."
Hang the balances from the nails and connect them with e _étﬁing.
To the middle of the string attech hooked welghts. Now &r@
lines under the strings and lay off proporiional megnitudes.
The resulting -vecto‘rs can now be moved parallel. to themselves .
%o form & closed triangle or two of them may be used as the
sides of a par’alilelogmm the resultant of whi‘.clil (iés diagonél)
noy be cheéi;{ed witk the third fb,z‘ce, the equilibx'e‘;n{b.‘ |

This demonstration permits & large pumber of variations.

.Genﬁer of Gravity; Lesaing Tower
Piece of 2x4 with one end cut obliguely; omall pieces %o be
placed on top. | , '
Show that the block is stable when a lipe throush the center
of maés falls within the base. NHow raise the center of gravity
upon which the sysfgam becomes unsteble.
This msy be,aismzése& with reference flso the Leaz;i@g Power of

Pise.

Center of Cravity
Irregular sheets of plywood. each provided with seversl small

drill-holes arcurd the édges; nnpil; string; plumb-bob.

1




Procedure;

Apparatus:

Procedure:

Apparatus:

Procedures

Suapend a sheet by the nail through one hole and drop, the bob
from the support. Draw 2 line on the bosrd t¢ coincide with
the vertical. Repeat with another point of support. Tae point.

of intersection of the two limes locates the ceﬁter of gravit;ﬁ.

It should now be sh;om,' ﬁhs;t lines similarly dvewn from other

points of support will pass: through this indersection. If now, ::

& nail be ériven through the cheet at this point the sheet can -
be shown to be in equilibrive in any position ina vertical |
plane.

Pctential Energy _
Dmfale cone, a:werginn double-raﬂed tra,ck.
“he wide end of th.e tmck is higher t;lm the vsx’tex. Place i,b.e
eone synmetrlcally on the ver’cex a~n:1a it will mll up the in~
cline thus apmearing to negate the fundamental principle thag .
thé p@teﬁtial energy of a syss,em tends toward 2 minimumo If the

cone is pushed back down the incline it is guite effective to

observe that it mants to roll uphill! Obviously, the divergence
of the track end ite inclination are so related ¢ the shape of
the cone that the cembter of mass of the cone descends as the

cons roils.

Inertia Apparétue; Newton's First Law
Short upright with s c:e::ucavev top méﬁﬁted‘ on a béaé whichv carriecs
alsoi a slender gtrip of sprimg—s.téel; card and ball,
Place the card end dall symmetrieally atop the ‘upr;ight. Give
the card a -'sizdden‘blov} with the spring whezveupon its slides from
under the ball, whmh has no. time %o gzain hoz'mcntal momenton,

ot drops into the concave top of the stancl.
.3
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Inertia; Hewton's First Law

Heavy iron ball provided with two screw-eyes; siring.

Suspend the ball by a light string and attach another string of
the same size to the lower hook. A gheady pull on the lower
string breaks the upper string; a gudden pull breaks the lower

string,

Paradox of Forces; FHewton's Third Law
Small board with pulley fixed at ezch end; spring balancs;
string; 2 - 1000 gram weights. - '
Arrange the spring balance between the pulleys with cords
attached %o each end and hanging over t}lm pulleys. Suspend a
mass of 1000 grams from each end. Ask the clasg to decide on

the bzlance readingl

Neuton'é Third Low
Bicycle wheel; rotating platform (e.g. piano stool or swivel
ehair with back removed). | |
Lot & student sit on the platform and hold the wheel above his
head with the axis vertical and in line with the axle of the
tarntable. Let the instructor give the wheel a smart turn. The
student then sitops the vheel with one hand wherecupon he and the

turntable start to rotate in the same seunse.

Starting with everything at rest the student can himself sob the
upper wheel into rotation. The torque exerted sxercisos an

opposite torque on the turntable, and it is observed that each
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Apparatue;

Procedure:

wheel acquires the seme angular momentum, Iw, but of opposite

Sense.

Action and Reaction; NWewton's Third Iaw
Hero's steam engins; water] burner.
Pivot the cylindrical boiler on a vertical axis. The tubes
emerging from the boiler radially have nozzles directed tan~
gentielly and in the same sense. When pheam is generated in
the boiler some of it is'forced out thrcugh the nozzles. %The
escaping steam exerts a reaction and the 5oiler is wset into

votation.

';Boment of Inertia and Ansular ﬁsmentum
Rotating stool; two = 1000 gréﬂ weighig.
The instructor (or a student) stands on the stool with armg
extended holding one weight in each hand. He is then given an
appreciable angular speed which is observed to increase greatly
when he lowers his arms. Singe anguiar momentﬁm is conserved,
the decresse in momént of inertia is cgmgensatea fq: by greater

angular velocity.

" Impeot Apparabus; Momentnm-andiEnergé
The apparatus’dansiaﬁs of a horiZontal track made of a 6 foobt
length of sngle iron on which rest 10 or 12 pool balls. 4% ome
end of the traek aaa inclined to the horizontal is another strlp

of angle=~iron, the inclination of thls 1ast Varmable. How 4%

-one ball ls allowed to roll down the incline and 1mpact the

system at rest, we find that one ball leavea the system; if zgg
| 5




Apparatus:

Procedure:

Apparatus?

Procedure:

are rolled, two leave, and so on. The demonstration shows

offactively conservation of momentum and energy.

Moment of Inertis; Axes of Roiation
The appraratus consists of a hoop to which is attached at one
point on the periphery a universal joint. The hoop is supported

from the universal Joint by a wire leading to the chuck of a

. hsnd~drill held vertically. The system ig now rotated and as

the spesd of rotation is increased the hoop assumes rotation in
the horizontal plane, the axis of rotation being that principal

axis sbout which ite momentd bf inertia is o maximum.

The experiment can be demonstrated with a rope or chain which
at firat hengs 1limp but upon rotation takes on circular form in
& horizontal plane. 4 stick’ supported from one end performs in

the seme mpnner.

Ahgular Homentum
Bicycle wheel; robdating stool.
Give the wheel a rapid spin while standing on the rotating stool.
With the wheel in a vertical?plane (passing through the sxis of
the stool), there is no rotation of the stool. Now turn the
spinning wheel into a horizontal plane; the stool now rotates
in the opposite Qense to the spin of the whqel. If now the

wheel is turned through 180°, the stool reverses direction.

Gyroacopic Hotlon
Gyroscope
The important rules of gyroscopic motion such aa the relstions
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between directions of spin, torque, and precession, may be
demonstrated. The grephical analysis can be shown on the
blackboard.

. 8liding Friction and Area of Contact
Iron block provided with hook to which s sensitive spring scale
mey be attached; iron rail.
Pull the block across the metal rall using different faces.
‘Show that as long as the speed is comstant the reading of the

scale is the same regardless of area of contact.

Ksss and Rate of Fall
Simnltaneoﬁé release apparatus which consists of electromagnet
and circuit, iron and wooden balls of the séme size, the.wooden
one provided witﬁ an 1ron»§1ug.
Arrange the electromegnet on a support projecting over the ‘
1ecture tahle. Sugpend the bélls'from-the magnet. When %the
eircuit is broken the balls €21l together and . simnltaneously
strike the fioor.'.The pole‘faces may be covered with adhesive '

tape to insure quick release when the circuit is broken.

Rate of Fall and Horizontal Projection

Device which drcps one ball vert1ca11y and simultaneously with

one prageeted horizontally.

An elementary &evice which gives satisfactory results conszsts

. 0f a £ emible metal atrip o which is fixed on ong end a mae&en

block cut out Yo accomodate 2 balls, the other end belng clamb@d
to the tablee "he £ree end can be drawn back with a string

7
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Apparatus:

Procedure:

which is then burned. The forward ball is projected horizon=
t21ly while the resr one is dropped vertically. Both strile

the floor cimultanedusly.

Experimental Proof of Archimedes' Principle
Bucket and cylinder (commonly called Archimedes' Principle
Apparatus); beam balance ard weights; distilled water; beaker.
Suspend the bucket by its ball from one arm of the balance and
atvach the cylinder to the bucket by the hook beneath. Counter-
poise the two by weights until the beam indicates equilibriﬁm.
Now bring up the besker of water beneath the cylinder until the
latter is just submerged. The equilibrium is pow _destroyeﬁ by
the buoyant force of the water upon the cylinder. N’c'mg pouy
water sl;)wly into the bucket until the latier is level full,
upon w’hi;ch the balance again indicateg equilibrium. OQObviousgly
the weight of the water in t‘he backet balances .th_e buoyani; force
on the subnﬁerged ¢ylinder, or, according to Archimédes! staie—
ment, the upward forse on a solid immersed in a ligquid equals

the mass of liquid displaced by the solid.

_ Floating Bodiqs
Overflow can; platform scale; block of wood; eaich bucket;
woights, |
Fill the cen Yo overflowing and balance on the scales. Place
the empty eateh bucked in position and gé_'nt_ly put the block of
wood into the can. After the water has stopped overflowing, j;t

will he observed that the scales again balsnce. This means that

g8




the weizght of watsr which overflowed was just equal %o the
weight of the block. -This can be verified by weighing the

water displaced by the block and cawght in the bucket.

Specific Gravity of o Solid.

Appamﬁz.s: Beam balance provided with platform over one pau; beaker; dis-
$illed water; sclid whose -spécific eravity is to be determined;
thread.

Procedure: Suspend the solid from ome arm of the balence and note 1ts
weight in air. WNow bring up from bemezath it the besker of dig-
tilled water, which moy be rested on the platform. Balance the
geales with the hody thus aubmerg‘ed.v The specific gravity is
obtained immediately by dividing the weight of the body by the

loss of weight ia the wpter.

The metnod, if carefully manipulated, can be made to yield

falrly accurate resulis.

Dengity of Liquids and Solids
Apparatus: VWater; mercury; steel ball; lead bali;_ large open diéh.
Procedures Show that the steel and lead balls simk when placed in the

water. Their mé,s_é:es and density may be impressed upon the class

by dropping them on the floor or playing Pcatéh® with them. Now

drop bhem gently into the dish of mercury. %he demonstration,
aithough exceedingly e‘lementzir:;;, is very efi‘ectivéa 1% ie
also very instructive %o allow fhe students to handle the bobtie
of mercury for thies is an experlence which thay Vfi_ll long

recall. -
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Specific Gravity of Ligquids
A glass tube of about I inch.-bore snd 12 inches long, sealed
on ope end, is mounted uprisght on & wooden block. The tube
is filled with mercury, carbon tetrachleride, water, and kero-
gene, in this order. A% the inﬁerfacés float small cylinders

of iron, hard rubber, wdod and cork.

Soecific Gravity of Liguide by Balanced Columng
Two glags tubes 50-60 cm. long arrenged vertically. and fized to
a common . junction; 2 beakers; distilled water; liguids vhose
densitlies are to. be determined; meter sticks.
Set up the tubes fixed %o the webter sticks and with their lower
ends .diﬁpingiinto the two vessels, one contalning water, the .
éther one of the liguids whose specific gravit? im 46 be deter—
nined. When some of the air in the tubes is sucked out, .ﬁhe
liguids _ris.e to re}ative heighte which yield immediately the

specific gravity.

- Hooke's Law
Heavy spiral spring rigidl:y; fizxed to a calibrated support
weizht pan; slobtted weighta.
ﬁ.rrange gpring and guvpport verti,,callg and ghow that the exten~.
ei;)_n. of the spring is proportional t’O"fthe load. - If the value of
the. spriﬁg permits the elastic limit can be exc‘ejede_d end the

consequences made evident to the elass.

Young's Hodulus -
Young's Mgdulus apparatus provided wit;_h chucks %o support the
10
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Procedures

wire to be tested; optical lever; parn and weighis; directed
light source; vertical gscale.
Arrange the system so that light reflected from the optical

lever falls upon the scale set up vertically at o suitable

. distance. Take the Sero reading with sufficient load %o take

up any slack. Take geales readinzs as successive weights are
edded. Remove the weights and observe whether the reading

returns to the proper zerc.

Simple Harmonic Motion -
Coil spring mounted on 2 stand and provided with & hook for
varisble loading; weights.
The more simple agpects of simple hamanie.motidn may first be

shown. The measured period of the loafed spring may then be

'comparecl with the period calculated for the spring constant

end the applied mass.

Simple Haormonic Motion; Projection of Uniform Circular hﬁotibﬁi

A circula:r;;iisc;; to the periphery of which is attached a wod at '
rig‘ht-angiés;, is mounted om the ro;,g.ﬁer. ‘The dise is' rotaté&_-
in either the horizontal or vertical plane and the motion |
shadow projected by means of a diverging light source properly
placed. If attention is resricted to the shadow {which can be
done by shielding the disq ijom the aundience) the motion of

the shadow 1z observed to be simple harmonic.

The Motion of a Simple Pendulum is Sinusoidal
A hollow right-cireular cone mede of meial with o small hole at
11



Apparatus

Procedure!

the vertex is supported by bifilar suspeasion from‘Opposite
onds of a diameter. The cone is filled with fine sand and set
swinging. If, now, a horizontal board is drawn with constant
velocity beneath the pendulum, and at right angles to the plane

of swing, the flowing sand deséribes,a'sine curve.

Period of a Simple Pendulum
Three?pen&ulum ?obs are hung on'bifiiar guspension from the
same horizontal, support, thecvgrtical distance being in the
ratio 1 ¢ 4 : 9;~ By means é%‘a stop watch the time for any
mamber of osciilations can be clocked and these will be found
to be in the ratio 1 : 2 3 3. It is amusing to check the per-
iods ﬁyxawingigé.two simul%aneouslf and qognting,autlcua'tha_‘ q

oscillations.

Zi’fiﬁté#éﬁérence of Energy; Resonance
A horizonﬁglgméier-stick. narrow edge up, is clamped at Ona.;:'-
ond to the tablh tops Two simple pendulun bods sre hung by
strings of‘ﬁha;game length from the froe end of this-aonvrig;éfj
support.. (16 of 20 ems spart.) If ame of the balls ismow
sot into oscillation he other will be e, into vibration by
the small.distu?bﬁnces propagated.thraugh-thé‘suppgrg.’ Tha.'h

firstnhdb;will ¢oﬁe to rest and the energy trensfer is repeatei;

. Centrifugal Force
Metal hoop mounted on an axis, the top of the hoop free to
glide. {Cenco's Centrifugal Hoop)

Rotate the hoop by drawing rapidly on the cord coiled about the

12
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Procedure:

gxis. The poles are sbserved to be flattened and the equator
tulges. - Refercnce should be made to the effect of the earth's

rotation.

Centrifugal Force
The apparatus éonsiats of a disc with o grooved circumferenee
in which reets a light chain., About a half-inch "play" is
allowed. The disc is nounted on & rntaboiland spun at high
speed in a vertical plane. The chain is then tripped off the
disc whereupon it rolls sway like & hoop, cenbdrifugal force on

the links imposing & rigidity on the whole structure.

. Geﬁtrifugai Force
& paper {or light car&bcard) disc of about 6~inch radius is
mounted on 2 rotator and spun at high speed. A riwidity ig im=
pésea on the gtructure by virtue of centrifugal force and the

edge of the disc caen be shoén to cut as does 2 saw blade.

Elésticity; Torsion
Torsion apperatus; ro&s to be tested; weights.
The apparatus nrovides means for rigidly flxlng the ends of a
vodl. The graduated wheel at one end has a8 Ilat peripheral sur-
face around which passes a steel ribben carrying & welgh%-'
holder. Set up the apparatus with the metal red to be tesée&.
Aéd welghts to the pan Qhereupen a2 twisting foréa is exerted on
the rod and the smount of twist produced can be read off in
degress on he wheel. It con tims be shown that the twist is

proporiional to the stress.

13
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Gompound or Physical Pendulum
The apparatus consists of a stick one meter long supported by
2 thin nall running throusgh a hook on one end, and thus free
%o gwing as a pendulum; simple pendnlum. |
The length of ths equivalent simple pendulum is $wo thirds the

length of the siick and thig (bob attached to a string) may be

fized to the other end of the gupporting vod. Tho two pendul= * -

ums may be swung together and the period for both observed %o

be the same,
7

The point on the stick ovposite the bob is the center of oseil-
lation and this may be made the point of support without affeet-
ing the period. The stick may be swung on an axis one fourith
*;h:_e length from one end and the timé of swing shown %0 be a

minimuan.

Momentum; Elastic and Inelastic Impact
Tripod and vertical rod provided with adjustable bifilar sug-
pensions and graduated arc; impacting masees.
Balence the system go that the balls pass over the scale with=-
out wobbling. ‘fhe impacting mass may bg‘ﬁ_z:g.g_;_;};_gsi&e_ by &
thread which is then burned so as %o release it wi-ti&out impart= .v
ing %o it any accelerations other than that due to gravity.
The initial and final positions of the masses together with
their wolights are then used to check the law of conservation 'of"
momentum.. Ineélastic impact can be demonstrated by atteching a

1ittle wax %0 the mass at rest.
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Moment of Inertia; Angular Acceleration
Héllow and solid cylinders; spherss of dlfferent giZes and
masses; inclined plane.
Pemonstrate the relations between moment of inertia end angular
acceleration by rolling different combinabions down the incline.
The results of the mathematical treatment of acceleration of

rolling bodies can be easily verified.

The Bernoullli ﬁffect
Flat metal disc with hole to which is attached a tube; piece
of cardboard; air pressure; pimgpong hall; fumnel; 2 light
balls suspended about 2 inches spart.
Connect the tube to the air pressure. Show the force of the air
current by playing it on loose papers onhthe.désk. Now bring
the disc down normally on %the plece of cardboard, which now

immediately sticks to the disec.

Blow o strong current of air between the iwo suspended balls.
The blast of air, instead of blowing the balls apart, will
actually "suck! them together. The velscity of the air rapidly
decreases after leavipg the very narrow space between dise and
cardboard, thus indicating a dimimuition of pressure within the

constriction.

The a2ir jet inclined at a considerable angle may be made to
support ons free ball. The pingpong ball can be supported inm
an inverted fumnel through which a jet of air streames

downward.
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Adhesion
Two well-polishgd plate~glags discs.
The discg, when clean and dry, exhibit an apprecinmble adﬁeSiOﬂ
for one another. When a drop or two of water is placed between
the plates the force, perpendicula: t0 the surface, required to
separate them is grestly increased. The plates may, however,

be separated laterslly with eazse.

v

Diffusion of Gases
Porous cup fitted with stopper and glass tube; beaker of
colored water; illuminating gas (or Hydrogen if available);
bell Jar.

Support the porous cup with attached tube in a vertical posi-

- 4ion with the end of the tube dipping into the beaker of colored

water. Invert the bell Jar over thé‘porous.cupuana allow the
hydrogen to pass up into it. Bubbles are observed rising from
the end of the glaas. tube. The hydrbgén molscules have about

4 times as great velocity as those of alr and pass through the
porous wall, forcing the air out at the bottom. If the gae
source and the bell jar are now removed, the colored water slowly
rigses in the tube, showing that the gas inside the cup is going

ount.

Osmosisg
A hemisphericel metal casting is pro#ided with %wo washers be~
tween which o semi-permeablé membrane may be stretched and held

by means of screws. OQrdinary cellophane serves this purpose.

16
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The hemisphere is filled with a colored concentrated sugar
solution and comnected to a vertical glass tube. It is ther
immersed in a vessel of distilled water. The inward diffusion
of the water molecules into tﬁe»sugar solution increpsges the

volume of the sélution inside end the liguid rises in %the tube.

Nots: Inasmuch as some time is necessary for an apprecisble
rise %o take place, it is advisable to start operations

at the beginning of the lecture period.

Surfaca Tension
A.rightfcircuiar cone ﬁade of wire, havi#g three laﬁeral edges.
ﬁiﬁh a fdurth wire (projecting from ths vertex toward the base)
on vhich is placed s cork»float; battery Jjar. |
Submerge the float until the ring is undér the water, then ¢are-
fully}release it. .The ring will push up against the surface of
the water because o0f the tmoyancy of the floafvﬁut it will n@ﬁ

rise above the surface. With good surface forces the whole

system can be mande to oscillate up and down.

 Thé Heasurement of Surface Tenslon
A triangular frame of wirze is s0 suspended from a Joly balance
thet one side ié h&iizontal.. This frame is zttached to & slow=
motion screw. The extent of stretching the gpring by surface
forces is then meagured. Knowlng the spring,cqnstant, which is
determined by calibrating with knowﬁ welghts, and the length of
the film, the magnitude of the surfacé tenslon in d&nee per

centimeter can be at once calculated.
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Wote: It is very important that the fork be glean. Thig

is best achieved by passing it throush a flame.

Fall of Pressure in a Eipe'
Metal pipe of .5 cm. bore, closed at one end, with small

holes bored at 1ntérvals along its lemgth, the open end pro-

vided with a rabber tube for connection to.gas Jet or water

tapo PR

When $he gas passing through the tube is lighted at the holes,

the decrease in the height of the flame showe the Tall of
pressure. When comnected to the water tap, the parabolss des-

cribed are of decreasing magrnitudes.

HMECHANICS OF LIQUIDS

Levels of Liquias in Connecting Vessols
Set of glass tubes of different shapes; colored 1iquid.

Show that ‘the surfaces of the liguid in the various vessels 1ie

in the saume hqrizontal plane, from which it is concluded thax,-

the pressure beneath the surface of e liquid depends simply dn"

the vertical denth beneath the free gurface, and not at all on

the size or’ shaae of the- vessel.

Capillary Rise and Dépression

Set of connected capillary tubes; mercury;tcréan,water.

Use the set of comnected capillary tubés, first with mercury,
then with clean-watér. The mercury will show capillary depres=

sion while the water will 'show a rise inversely proportional to

18
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the dismeter of %the tubes. It is effective to show this si-
maltaneously with the levels of liquids in connecting vessels.

(qued vide)

Upward Pressure of Liqulds
Targe battery jar; glass cylinder (edges smoothly ground)
with glass plate large enpugh‘to gover one end; string fized
to middle oflplate; bealter; colored water.
Hold the glass plate against one end of the eylinder by meauns
of the string which is paseed through the cylinder. DNow lower
the closed end of the cylinder into the battery Jar of water.
As the cylinder is pushed into the water the upward pressure
due to the water keeps the plate against the cylinder, and
the string may be released. Now pour colored water into the
cylinder. The plate stays in place untll the levels inside
ond cutside are the same. Ve conclude that the upward pressure
exerted by & liquid at any depth is equal to the downward

pressure at the same depth.

3
L}

‘Relation Between' Depth and Pressure
Tiquid pressuré gage provided with colored liquid; large bat-
tery Jjar; meter sticlk.
lower the gage bensath the wabter surface in intervals of,‘aay.
5 conbtimetors, and thus show that the preséure ig directly pro-
portional to the depth. Turn the gage so that it indicates
upward, downward, and lateral pressure and ‘thus show that lig-
uid pressure is equal in all directions. (The density of the
liquid may be altered by making é salt solution.)
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Pransmission of Pregsure by & Idgnid
Qertesian Diver; cylinder, rubber diaphragm. -
Such out the aiv from inside the diver and allow water %0
enter until weight of diver and water just pernits the diver
to :t‘loat submergeﬁ. ‘-Préss on the &iaphiva@; the pressure is’}
‘bra.nsmitte& by the @ter to tha air 5.n the intez'iw of fihe
G.fwer, whieh is compresseﬁ, allomng more water to enter the
diver, uherenpon 11; ei.nks. 'O‘pon releasmg the pre;saure the
compressed a,iz' within the aiver expela the exeesa waﬁer a.nﬂ. _

the diver riaes,.

Note: fThe demonstration may be first tried with water just

glightly warm: In this ,pé;ee it will :iﬁﬁaﬁ_riably fail and the .

reason makes & good elass problem.

. Pressure in a Siphon

Siphon gét"j%hich is attached menometer tube; large beaker of

\mter. -
The xaanome'cer nay b finea with colored liquia or mercury. ;
Start the siphion by drawing on the longer end. Iﬁ is dmmeds

iately observe&.th_a;t the gr.esmé‘ in the upper pa.x“b 1o less .

‘than atmospheric when the siphon is inm speration.

. Bernouilli's Principle

Lerge hesler of colored water; glass tubing about 2 feet long

‘and of .'1/3 inch bore; connection to-air 'iina..

Stand the tube upright in the beaker of water. Direct the sir
Line normally to this and blow 2 stromg current of air across
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the top of the tube. The liquid will be seen to rise in the
tube. Tith a little adjustment the liquid can be raised to a

considerable height.

Pressure Reduced in a Constriction
The apparatus éopsists of & horizontal tubs gradurlly tepered
towards the center so as to provide a constriction. 4 tube
leads off normally at the constriction and is connected %o
one end of a manbmeter; tﬁa other end of fthe monometer open
7 to aimospherics pressﬁre._ When air is passed through the tube

a drop in pressure is registered by the nanoneber.

Incompressibility of Water
A botﬁle is filled gompletely with water Wﬁich has been boiled.
The bottle is then corked tightly. (A serew-top is preferable.)
if, now, the bottle containing the water is held by the neck i%
may be swang like é hanmer and made to drive 2 20 penny nzil
into a plank! If the instructor wishes he can then show hab
the bottle is shattered by performing the experiméent with the

bottle empty.

ATLOSPHERIC PRESSURE

Proof That Air Exerts Presaure
Apparatus: Open-necked bell=-jar provided with ruﬁbéﬁ dlaphregm; air pomp.
Procedure: Ixheust the sir from beneath the membrane which will then be
observed to be more and more depressed until it will finally

burst under the pressure of the air abové. A shall viooden ball
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placed on the nambyans can be sbgerved by the class to dis=
spoear as. ths membrane begones depresssd. -

The expansibility of air ced be also shewn by placing the
yubber diaphragm over a besker which is then placed under a
iarger bell-jar gox‘zi;ecﬁe& to the air punp. When the pomp
g set inbo operation the sir inside the b§ékér‘é1i11 expand
with sufficient fores to burat khe rubber or ab least greatly

distend, it.

Hogdeburg Hemispheres
The device s amusing and instructive, snd has considerable

historic interest. {(The -origi'nal hollow hemicpheres were

about 22 inches in diameter and required 16 horses, four pairs:
o0 eééh hemisphere, %o pull then apart. The originals are now
in the Deutsches Mageum in Mmir:h-l.,)e The dimengions of the -
hemigpheres can hé give'n the ¢lass and the pull required o

separaté them calevlated.

_ Atmospheric Pressursi Porosity
Apperatus: Wooden funnel with solid stem ground %o fii open-necked bell-
jar; mevoury; small beeker; air pump.

Procedures Pour mercury into the wood i‘umiel-wbich i“s “%hen fitted tightly

over the bell-jar'; ."o?h_e‘n" the jer is -evacuatei the mercury
passes through the invisible pores of the wood and fells iuto.
the bge‘al{éi* placed beneath 1t. | The éxper#@nt demonstrates

at once the porosity of wood and the .sigh,i_f'.icanéé' of aAtmose

pheric pressures
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Apparatus:

Procedure:

Apparatus

Procedure:

Apparatis:

Procedure:

Trpansibillty of Aix
Horge bell-jar ponnected to air éumg;_g bobtles connscted by
U=tube, one nearly filled with.cqlored liguid and tightly
stoppered, the other open and empty.
Place the bottles bensath the Eeliﬂjar'ang svacuate. As the
air is exhagsted<the.liqnid from the tightly stqypereé~bcttle
passes through the U-tube into the emplby hottle,Atﬁow let the

alr in and the operation revérses.

Vapour Pressure: Atmogspheric Pressure
Empty tin can, preferably with square cormers, and rubber
stopper to fit; siand and burner.
Put o small amount of water in the can and coil for a few min-
utes to expsl the air. Hemove the flame and quickly inser§
tﬁe stopper. As cooling progresses the vapour pressure within
the can becomes less znd atmospheric pressure soon collapses
it. The effect can be hastened by pouring cold water over the
can, or, if it is small enough, by immersing i% in a vessel of

éold water.

Yapour Pressure o

Large-neck flask with #10 onc~hole stopper to £it tightly;
glaés tube drawn tp a small aperiture; small‘glass wvial; ether;
warm wateﬁ,‘prefefably colored; elastic band. |
Fill the flask about half full with the warm colored water.
T'ix the vial to.the lowerven&‘of the glass bube ﬁylmeans of
the clastic band and at such a point as to allow it to be half
immersed in the water. With this arrangement %he ather vapgur
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Appavatus:

Procedure:

pressure forces a stream of water up the tube and through the
orifice. The action may be hastensd by the gentle application

of heat to the flask. (Caution).

Yapour Pressure
Gless tube sealed off, about BO~85 cm. long; stand and clamps;
meber stick; mercury; funnel; piece of rubber tublng; larze
evaporating dish; curved pipetitej ether.
Fill the glass tube with mercury using the funnel =nd rubber
tubing, place the finger over the end, invert, and ¢lamp up-
right against the meter stick. We now have a Torricelli tube.
By means of the pipette introduce a drop or two of ether imyo
the bottom of the tube. The drop rises at once to the top and
evaporates in the vaduum which exists above the mercury column.
The pressure of the vapour depresses the mercury column. Iif a
flame is passed quickly across the tube near the upper level of

the mercury, the vapour pressure will be seen %o incresse.

The demonsbtration can be modified by arranging four such tubes
side by sids, and introducing into omne & drop of water, into
the second alcchol, and into the third ebher, thus yislding a
relative mezsure of vapour pressures. IThe fourth gives the

atmospheric preéssure for comparison.

A 8till further modificabtion is possible by first introdvcing
air into one tube until the mercury column standg at sbout 50
cm. Then indroduce a drop or two of ether.. The mercury will

not be found to sink imstantly %0 its final level as it did
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Apparatus:

Procedure!

before, bub although it will fall rapidly at first it will
contimze So fall slowly for several hourg. At the end of a
long iﬁterval. say & .day, it will show & depression which
indica’%es a vapour pressure of the ether just as great as

that existing in the tube that coﬁtains no air. We conelude
that jﬁst as mucﬁ 1iqﬁid will evaporaﬁe into & space which is:
already fuli of sir és into‘élfacUum. The gir has né effect

except to retard greatly the rate of evaporation.

Kinetic Theory; Brgwnian Hovemen?t
A pyrex tube about 3 cm. in cross-section and 25 cm. long
contains a few cc. of mercury on top of which resh saveral
layers of Eolored glass pellets. The tube is evacuated and
sealed off. If now the mercury puol ls geantly heated in &
Bungen {leme the‘peliets are'puf into chaotic motion by the
vepour rising from the mercury. The behavior of the particles

regsenbles true Browniza motiocn and in fact, the vigible motion

- is caused by the bombardment from the invigible mercury

moleciles.
HEST
Bxpansion of Solids; Principle of Shrink Fit
The. two pieces commonly designated. as ball and ring; Bunsen
flame,

Show that the ball, when heated; will not pass through the

ring tut will pass through when the ring in heated.




Apparatuss

Procedures

Apparatus:

Procedure:

Apparetus;

The principle of ehrinkt £it can be demonstrated by placing
the heated ring symmetrically on the ball and allewing the

ring to cool while in this position.

Diffaiential ExpanéionA
Compound expansion-bar; Bunéen flame.
Show that the compound bar, which comsists of two strips, one
of dbrass, one of irom, when heated e&gewise in‘a flame so that
the two metals ére.heated,equ&lly, bends in sach-a way that
the more expansible mebtal (the brass) is on the outeide of the
ﬁunﬁe.v (This principle is incoiyorﬁﬁed in the compensated

balance-wheel, )

| éoeffieient of Liheaf Expansion
Tinear expansion apparatus and accessories.
The apparatus may be set vp (after talking the iﬁitial léngth'oﬁ
the rod) with an electric bell connegted %o the vGrnier;;fThe
initial and finai readings are thus casily made and the ringing

of the bell makes the demonstration & bit more impressive.

The initisl length, the change in length ac given by the vernier,

and the change in temperature as given by the thermoneter con=-
stitute sufficient data to calculate the coefficlent of expan-

gion for the specimen used.

Heat from Friction
Brass tube, one end of which fits the ehuck on a rotator; felt

pad, ether, alcohol or water.
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Procedure:

Apparatus:

Procedure:

The tube is mounted in a verbisal posiblon and perily filled
with ether; alcohol or viater, then tightly corked. - The fels
pad is held snugly ahout the tube which is then spun and the
heat gemerated by friction ralses the temperature of the

liquid until its vapour pressure projects the .cork explosively.

LOonduchivity of Heatl
One pisce of apparatus consisﬁs'af geveral rods of differont
metals. extending Trom & common metal center. To the ends of
the rods may bYe fixed small pellebs of wax or'mateh heads may
be vlaced in the. in&enta’siansl, The motal center is heated in
4 flame. |
The other device consists of hollow metal tubes fized to a
hollow axis through which steam is passed. The metal tbes
are coated with a special paint and the progress of heat con=
duction is shown by tho change 6f e‘éior waich the paint under-

goes wnen heated.

Diff.eren%ial Thermometer
The manometer coln!hn" responds %0 the heat of the hand. The
device is provided with a platform to hold a Leslie cube, by
meana of whieh the relative radiations from various surfaces

ab the same temperature may be readily shown.

Coavection
Gomrecﬁie‘n appraratus and accéssories.
The apparatus consists of a metal box provided with two glass
chimneys. Convection currents may be demonsivated by placing
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Apparatus:

Procedures

Apparatus:

& lighted candle under one of 'the chimneys and holding a bl
of  glowing paper {or Tonch Faper) a4 the open end of the o.'b},;er

chimney.

Pulse ov Palm Glass
Two glass bulbs with comnecting tube co#tain o colored volaj-
$ile liguid. Vhen one bulb is held in the hend the warmth
‘causes . repld cvaporation. The preseurs thus produced forces

the liguid into the other bulb.

. Rediometer

The device is a sensitive détector of radiétion. I% conéi‘s;-ts
of a li;ght paddle wheel with four very thin vanes blackened on
one side and polished on the other, the whole mounted ia a
partially evacuated bulb., When radiation falls upon the vanes
the whesl _revolves;»with the black sides "‘retréatiﬁg”.. The
phenomens is explained on the basis that the r@éi#tion VRAIRS
the black ‘si&es 'slightly more than the Pbright sides, the air
molecules rebound more vigorously. from the black sides snd

the wheel revolves betause of differential reaction.

Constant-Pressurs Alr Thermometer
Glass tube (preferably capiliary) with buld blown on one e;n-di
introduce into the tube a globule of mercury. Changes of '
. temperature of the bulb cause the mercury to move because of

changes of gas volume at constant pressure.

Uxpansion. of Gasesy CGalileo'!s Thermometer
Round~botton flask provided with tight-~fitting stopper and
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Procedure:

Apparstus:

Procedure:

gloss tube; besker of colored water.

Hold the flask in an inverted position with the end of the
glass ﬁﬁbe beneath the level of the water in the beaker. The
heat of the hand is sometimes sufficient to cause bubbles of
air to be expeiled from the fleglk and %o rise through the
water. If the heat of a flame is applied bubbles rise rapidly.
If after o time the flame is removed and the flask allowed to
cool, water rises into the flask. (This experiment is of his-
borical interest inasmich as the device constitutes Galileo's

air thermometer.) _ S ¥

Boiling under Reduced Pressure
Round=-bottom 1 liter flask with rubber stopper to fit; stand
provided with two ring brackets; large beaker; cateh basin,
Pill the flask aboubt half full with clean wabter and boil for
2-3 mimites to expel the air, Remove the flame, and immed-

iately insert the stopper; invert the flask in the ring-

bracket provided. The temperature will fall rapidly below the

boiling point. HNow pour cold water over the flssk and obsexve
that the water begins to boil vigorously. The cold water, by
condenging the steam, lowers the pressurs within the flask and
therefore ensbles the water to boil at a lower temperature.
The boiling ceages as soon ag enouéh,v@paur is‘formed to re=
store the pressure. The operation moy be repeated many times

without reheating the flask..

Cantion: Do not use a flat-bottom flask as it.is'likely to
collapse.
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Apparatugs

Frocedure:

Apparatus:

Procedure:

Froezing by Dvaporation
Air pump and bell~jar; evaporating dishi wire gauze or
trisngle; wateh glass; concentrated'ﬂulghnric acid.
Set the watch glass Gontaining a little dlstilled water on
thé wire gmaze which rests on the evaporating dish contain-
ing a little sulphuric acid. Yhen the pump is started ﬁﬁe
dissolved air in the water is first ecarried away, then as
the water evaporates the vapour is sbsorbed by the scid.
Pinally, when the pressuée is lowered 'e%ill further, the
water begins to boil, and this process requires so mach heat
thet the water freezes. (Absolutely tight connections are

necessary for success in this demonstration.)

Freezing by Zvaporation; The Cryophorus
The cryophorus is s J=tube provided with a bulb at ezch end;
one of the bulbs is half-filled with water snd the gystem is
evacunted and sealed off. With a2ll the water in one bBulb
the other is immersed in a frsezing ﬁixture. Watar'vayﬁur
condenses in the cold bulb and reduces the wapour prossure;
the resuliasnt repid evaporation of the water cools it and it

finslly freszes.

Expansion of Liguids
Small round-bottom flask provided with stopper and glass tube;
colored liquid; pan of ice; burner.
Place the flask in the ice and observe the position of the
1iguid in the tube. Now apply heat gently and observe the

rise of the liquid in the tubs.
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Apparatus:

Procedure:

Apparatus:

Procedure:

ELECTROSTATICS

Pogitive and Negative Klectricity
2 rubber fods; 2 glass rods; plece of silk; piece of cat's
fur; silk thread; fine wire stirrup; clamp and stand.
Bub & rubber fcd with the fur and suspend in the stirrup.
Bring up in turn snother rubber rod rubbed with fur and the
glass rod rubbed with silk. in the first case the suspended
rubber rod will be repelled; in the second a stfong attfaation
will be exhibited for the charge on the rubber rod. We thus
observe & difference'in the nature of the electric charges on
the glass and ruﬁber, (1%t need no% e vemarked that the force
actions were exhibited only between the eleétriﬁal charges
possessed by the glass and rubber and not between the rods

themselves. )

Repulsgion and Attraction
Rubber rod; fur; a vell—dfied stick sbout the dimensions of
o meter sticki watch glass; stripg.
Suspend the stick so ﬁhat it hangs horizontally. Rub one end
of it with the fur. Approsch this end with a rubber rod rubbed
with fur. The stick is set into rotation by repulsion. The
experiment can be repeated by balancing the stick on the watch
gleas as a pivot. In this, however, the end of the stick
rabbed with the fur will ghow a dip toward the table top, ia-

dicating en indaced opposite charge and a resulient atiraction.
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Apparatus:

Procedures

- Apparatus:

T'rocedure:

(The author has performed this by using g well-dried

twO"by-fGU.r . )

. Electrostatic Repulsion
Strong directed light source; rubber rod; cat's fur; dry cork
filings.
Electrify the rod and dip it into the cork dust. A4 consider=
able mass attaches itself to the rod dus to induced opposita
charge #nd.consequent attraction. After a brief interval it
will be noticed that some of the particles are ejected from
the rod. This is due to the particles being charged by con-
duction and thé consequent repulsion of similar charges. The
demonstration can be shadow projected to meke the ejections

visible to the class.

- Blectrostatic Induction
Cylindrical cdnﬁﬁéﬁor with hemispherical ends, mounted on
insulating'stand. and provided with wire supports, one above
each end, froﬁ which are mung pith ballsg so as to just touch
the ends of the conductor; charged rod. .
Approaqh one end of the conductor with the charged rod. Both
pith balls are deflected away f{rom the ends. Chargs s third
pith ball by contact with the rod, and with this one test each
of ' the two sﬁspendea ones. It will be observeﬁ‘thét the
charges on the ends of the conductor are of opposite sign. The
nature of these charges with reference to the charge on the

rod cen be determined by & proof plane and electroscope.
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Apparatus:

Procedure:

Electroscopes
An electroscope is a device for detecting the presence of an
electrical charge. Arbitrarily, we designate the charge which
sppears on a rubber rod rubbed with fur as negative, and that

on glass rubbed with silk as positive.

(a) The pith ball electroscope: A single pith ball given,
say, a positive charge; it will be attracted by a negat-
ively charged body or repelled by one positively charged.
it can, therefore, be used to detect the presence and
nature of charges.

(b) A charged rod supported in a stirrup and free to swing
constitutes an electroscope.

(¢) The gold-leaf elsctroscope: This éeﬁice needs no explana-
tion. The charge is detected by tye motion of tvo leaves
or of one (hanging beside a-flxed élate). 4 shadow pro-
jection of the whole electroscope shows clearly the

instructor's manipulations and the motion of the leaves.

Blectrostatic Induction
Gold leaf electroscope; rubber rod; cat's fur.
(2) Preliminary: Slowly bring the electrified rod toward the
knob of the electroscope. The leaves will diverge even when
the rod is a foot or more‘froﬁ‘the electroscope. (This indi-
cates that the mere influence which an elecirical charge exerts
upon & con&uctoflplaced‘in its neighborhood is able to produce

electrification in that conductor.)

33




Apparatus:

Procedures

Apparatus:

Ls soon as the charged zod is removed the leavss collapséo
(The electrification 1s only a tomporary phencmenon, due

simply to the presence of the charged body in the neighborhoocd.

(b) Charging the electroscope by induction: Bring the elec-
trified rod near the knob of the electroscope. The leaves ab
once diverge. (Moke a diagram of the electroscope with the
negatively charged rod near the knob. By thse use of plus and
minus signs explain the-elesﬁrical condition of both the knob.
and the leaves.) Touch the knobAwith the finger while the rod
is held in place. The leaves will collapse. (Explain by a
diagrem as before.) Remove the finger and then the rod. The
leaves fly apart agailn. (Explain with a dlagram the final

electrical condition of both the knob and the leaves.)

Density of Charge
Charged conductor mounbted on insulating standj electroscope;
proof plane,
Touch one end on the charged body with the proof plane; convéy
the charge to the eleciroscope and note the amount of separs-
tion of the lezves. Repeat after touching the middle of the

conductor. The separation will be found to be much less.
fhis can b2 shown well by using an ordinary tin can restlng on
on insulating stand, The charge density will be greatest at

the eldges and least on the flat portions.

Electrostatic Screening

Wire netting (window screening) large enmough to surround an
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Proceturs:

Apparatus;

Procedure:

electroscope.

Surrouvnd the electroscope with the wire ease, which is then
grounded. Bring near to the electroscope {cutside the caze)
gharge& rods or any strongly chargé& bodies, ihe lsaves ro-
main undisturbed. Show the effect. when the cage is not

ggounded.' Show alse the effect due to flux leskage when the

bottom of the cege is removed.

Dissectible Léyden Jaf.
Leyden jar; static machime; discharging rod. '
Charge %he Leyden jar by holding the outor costimg in the hend
and putting the hob in ¢ontact with one terminal of the mach-
ine {say the negative). lmléctrqns past to the knob and spread
té the inuner coat of the jar. Here they repel clettrons from
the outer coat to the earth, thus 1ea§ing iﬁ positively
charged. Wow connect the inner and oﬁter coatings with the
discharging rod. A stroug spark results. Now fecharge and
place the charged jar'bn an insulating plate. Toueh the kunob
with the finger. o appreciablé charge is noticed. Touch the
guter coat; again there is no mppreciable diséh&rga.
The experiment shows that one side of the jar along cannot be
discharged for practically all the charge is bound by the
opposite charge on the other count. The full discharse can
therefore occur omly when the lnner and outer coals are con-

nected.

The jar may be disassembled after being cherged and the clec-
trodes brought inte contact. No spark passes. When reassembled
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the Jer is discharged with the discharging rod, inmdicating !

that the energy resides in the dielectric.

The Electric Whirl

Apparatus: Two wires crossed abt their midpoints and their poin%eé ends
turned &t right angles to form o swastika; pivot on which the
system ¢an be balanced.

Procedure: Connect the system to one terminal of the electrostatic nagh-
ine. When the machine is operated the whirl rotates rapidly |
in 2 direction opposite to that of the pointed ends. The air
close to each point io ionimed. Ioms of opposite charge are |
drawa to the points and discharged. The other iocns are re-~

pelled. The repulsion is mutusl and it is these reaction

forces which cause the robtation. W

Motion of Charged Particles in an Electric Field ﬁ

Apparatus: Two metal plétes arranged horiﬁoﬁtally, one about 1 cm. abo%& i
the other, ah& well dnegulated; electrosiatic machine; pith balls. "

Procedure: Génneet the plates %o the terminals of the machine. Place %he
pith balls on the lower plate. When the machine is operated A
the pith balls take on the charge of the lower plaie and are
repelled to the upper plate. Here the charge is reversed and
they are driven down. The contimual motion is amusing and
instructive.

(The demonsiration is more effesctive if shadow projected.)

YElectric Wind" - Discharge from a Point

Apparatus: Candle; pointed conductor (stiff pointed wire attached o one
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Procedure:

Apparstus:

Procedure:

Apparatuss:

Procedure;

-

terminal of the static machine).

Place the burning eandle near the pointed end of the conductor
which is connected to the positive terminal of the static
machine. The flame is strongly rvepelled. If the negative
terminal is used the flame is attracted. The phenomenon is due
to the presence of pésitive jons. (Under favorable conditions
the flame can be blown out.) Hention should be made in connec—
tion with this experiment of the notion of charge density and

curvature.

Mechanics and Electrostatics; Coulomb's Law
Tao fairly large aluminized pith balls of equal known mass sus-
pended by silk thresds from & common point; rubber rod; fur;
meter stick, |
Charge the balls by contact with the electrified rod; they im-
mediately fly apart. Give to the class the distance between
the balls, their masses, and the lengths of the éupporﬁing

strings, and have them calculate the charge.

The demonstration serves to tie up the notions of mechanics and

electrogtatics.

‘The Electrophorous
Electrophorous; fur.
Give the plate é negative charge by rubbing with the fur.
Place the medal disc (provided with insulating handle) on the
plate, whereby it is charged inductively, the lower side posi-

tively, the upper negatively. Touch the disc with the finger;

a7




Apparatus?

Procedurs;

o

the free negative charge escapes leaving on the diszc only

bound positive charge. PFPinally, remove the disc and thus
free the positive charge on it which may be removéd by ﬁeﬁch°
ing the plate. Thisg cycle of operations mey be repsated in-
definitely without again charging the wax.

It should be pointed out that the amount of charge the dise
receives by conduction is negligible. The surfaces of thal
disc and the plate are not perfect planes and consequently

come into contact at a few points only.

The demonstraticon should be accompanied by blackboard diagrawm=

matic representation of charges.

The Ice Paii Experiment
Hollow conductor (tin can) connected to an electroscope; metal
ball on & string. 
Charge the ball and lower into the con@ﬁetor. The leaves of
the electroscope dlverge indicating induced charge on the out-
side of the conductor. (If the charging body is removed with-
out coming in contact with the tin can the leaves collapss,
showing that no charge was transferred to the conductor.) Now
touch the ball o the bottom of the can. The can end the

electroscope retain a permanent charge.

Observations to be made: '

(a) - The ball may s moved sbout inside the can without alber-
ing the divergencé of the leaves.

(b) The ball may touch the ipner wall of the can without

affecting the charge on the electroscope.
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Appsratus:

Proceduress

{e) Wnen the ball is removed it is foumd to be entirely
digcharged.

{d) If the uncharged ball is azain lowsred into the can and
touched o Hhe bottom it still bears ne charge. If touchsd

to the outside of the can it shows a charge.

Parallel Plate Condenser; Dielectric Constant;. Capacitance
Iwo rectangular sheets of metal mounted on insulating bases
(tacked to blocks of wood) electroscope; connections; speci-
mens of dielectric; static machine; proof plane.

Set the plates upright, facing each other. Conhect one to the
electroscope (case grounded), and ground the other. Charge
the firgl one; $he divergence of the leaves indicabes the po-
tential difference between charged plate and ground. YNow
bring the plates closer together. Observe that the leaves be-
gin %0 fall tobeuner, sLowing that the notentlal of the one is
diminlsued by the presence of the other, although the quantity

of elsciricity on the first'has remained uachanged.

How convey additional charge to the first plate with the proof
Plene. It will be observed that many times the original amount
of electricity can be put on the plate before the leaves return

to their original divergence. Now introduce between the plates

sheets of insulatiné material and observe the relgtive effects

of dielectriqs. (Remove any charge which the test sheets may

possess.) | |
Piezo Electr&city

The device consiste of & Bochelle-saiﬁ-crystal mounted between
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two electrodes, the whole comnected with a neon lamp. ¥When
the upper end of the unit is struck lightly with 2 mallet

the neon lamp flashes showing that an instantanecus voltage
of several hundred volts has beéen produced by the mechenical

blow on the crystal.

Photoelectric Effect

Apparatus: Gold~leaf slectroscope; zZinc plate which may be attached to
the knob; mercury or carbon arc; sandpaper.

Procedure: Sandpaper the zinc surface to rémove any film (oxides) and

focus the ultraviolet light on the plate. Charge the electro-

scope positively aud observe the rate of leak. HNow charge the
electrogcope negatively and observe the rapid rate of leak due

to electrons leaving the plate. The electroscope can be

charged by inductlon with the glass rod rubbed with silk. b

Heat Generated by a Spark; Fization of Nitrogen and ' ’
the Production of Ozone

The apparatus consists of an eghéustion-flask to the sidearm i?
of which is attached an oil méﬁometer. A two-hole stopper is i
fitted tightly and provided‘with two electrodes which are ener- iy
gized either by a Ford coil or an electrostatic machine. Yhen
2 spark is passed the manometer ghows immediately an inecrease
in pressure due to heat generated by the spark. If, after fun-
ning a mumber of seconds, the aparking is stopped, the mano-
meter returns immediately %o its egquilibrium position and then
more gradually to & lower level on the atmospheric side, indica-~

ting o dimimition of pressure within the flaslk.




Apparatus:

Defore an explsnation is given the class should be asked to
account for both phenomena. The first will be easily answered
et the second will constitute a stumbling block for many. It
can then be showe that the following takes place:

Hg + 05 —> Z2HO

2NO + 0y > 20,

Ogzone is alao formed, which msay be represented thus:

Energy + 30, == 203

but this, being unstable, brealks down immediately.

The last two equations gshow the decrease in the number of mole-

cules. - The manomster fluctuations can be made more plainly

visible by placing behind it & white cardboard with several hor-

izontal rulings.

MAGNATOSTATIGS -
Types of Magnets !
Show the various forms of magnets; Magnetite, (magnetic ore),

bar magnets, horseshoe magnets, and other demonstration pieces. d

Floating Magnet
The device consists of & pair of cobali-chrome steel mognets
mounted on a bloek. One magﬁet is concealsd in the wooden
form. With like poles adjacent the one magneﬁAis held floating

above the other by repulsion.

Magnetization by Contact
Steel knitting needle; bar megnet; large compass nesdle swinging
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Procedure:

Apparstus:

Procedurs:

Procedurs:

- Apparatus:

Procedurs:

Apparatus:

in 2 horizontal plane; iron filings.

Show first that the needle has no megnetic propertiss by
aticking it into iron filings; then stroke it with the barp
magnet. MNow show that it possesses magnetism. The pature of

the poles mey be shown by approsching the large compass nestile.

The needle may be notched with a file at 2 or % points and then
broken. The indicator needle will show that each piscé is o

complete magnet with opposite poles.

" Induced Magrstism

A number of nails or“tacks; bar magnet.

Support a chain of nails from one end of the magnet and test

the polarity of the end of the chsin.

Uagnetic Induction
Bar of soft iron; strong permonent megnet; tacks or iron filings.
Hold the bar of irom ¢ollinear with the magnet and a few cen~
timeters from it. The bar becomes magnetic by induction and
the tacks will cling to i%. ¥When the bar msgﬁéﬁ is removed the
tacks will fall off. The polarity of the induced poles can be
shown with the magnetic needle. V(TheSG effects should be com=

pared with those observed in electrostatics.)

Mechaniés and Coulomb's Law
Two bar magnete; small weight provided with thread (or rider of
known mass); meter stick; pivot.
Balance one of the magnets on the pivot; place the other beolow

i% and in such a position as %o have unlils poles a few
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Apparatus?

Procedure:

Apparatus:

Procedure:

Apparatus:

Procedure:

centimeters apart. (The other poles ghould be far enough
apart 2s to neglect their forses.) Now restore balance by
meane of the rider. In berws of its position and mass m the
'distancsa, betwesn the po’rlés‘,- the inyerse square law can be

spproximated.

The Barth's Field
Indicator needleg scg’:‘t-ii’cn bar; hammer.
Hold the iron bar parallel %o the earth's field and strike it

sharply on the end. . The polarity of the rod can fhen be shown.

If a ber of permalloy is available this can be shown 6 be
magnetized by simply holding it parallel to the sarth's field.
Its polarity will hé; reversed upon intefchénging the position

of the ends.

Magnetic Dilemma
Two very similar bars 6f iron, one magnetized; %the other not.

How can we discover without smy other eguipment which bar is
the magnet?

'Magnetic Screening
Small nail or piece of knitting needle tiea to & siring; strong
mognet; sheets of ferromagnetic and nonferromagnetic materials.
Fix the free end of the string to the itable and hold the needle
in the air with the magnet one or two centimeters above iﬁ.—
Now introduce between megnet and needle the nonferromagnstic
materials. No change in the supporting force is observed.
When a sheet of iren is introduced the nesdle falls.
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Apparatius:

Progedure:

Apparatus;

Procefure:

Apparatus:

Bffect of Tomperature on Magaetic Propertiss

Y

Horse-shoe maghet; pilece of knitiing aeedle; Bunssn flame.
suspend the needle from an awm by threads as free ag possible
Trom torsion, dnd place the U~shaped msznet on & stand in
sach a menner that the suspended needle is held ocut of its
equilibrium position by bhe attraction. Now apply a small
flame between the pole pieces and directly onto the needle.
The needle will be observed to fall awa& from the magnet.

With the proper adjustment an arrangement can be found wheréby

the needls, upon cooling, will suffer sufficient atiraction %o

be pulled back,

Gare should be taken not to injure the pole pieces with the

flams.

Shunting Magnebic Flﬁx
Small steel ball; strong bar magnet; non-mognetic éoft-iroﬁ
bar. | | |
Pick up the steel ball on the end of the bar megnet. Now
Place against the bar magnet the soft=iron bar end slide the
latter toward the ball. The ball drops off indicabing that
the magnetic flux has been shunted th:cugh the bar %o the

other pole of the magnet.

CURRENT. ZIACTRICITY

Simple Voltaic (Gslvenic) Cell

Strips of Cu and 2n to which are fixed leads of convenisnt
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Procedure:

Apparatus:

Procedurs:

Apparatus:

Procedure:

lengths; beaker; distilled water; sulphuric gcia; demonstration
galvanometer.

Show first that no current flows when the metallic strips rest
in the distilled water. Now add a little sulphuric acid. The
mechanism of the cell should be sxplained disgremmetically on

the board.

Elementary Storage Cell
‘Pwo ?b strips with leads; acidulated water; storage battery.
Arrange the Pb strips in the slescirolyte and show that no cur-
rent flows. Now send a curreant through the arrangement by
connecting to the storage battery. Ixplain diagrammatically
the phenomena taking place.' After the ¢éll has been charged
show that the chemical energy stored gives rise to a cmrrent.
Point out tha§ the two dissimilar plates {ons Pb, one Png)
constitute a primary galvanic ¢ell. 1% mey be shown %oc, that
the direction of current during charge is opposite %o that dur~

ing discharge.

Confuctivity of Selutions
lamp bulb mounted on wooden support %o which are attached 2
electrodes; small beaker; leads; distilled water; sulphuric
acid; sodium hydroxide; common salt; sugar; kerosens.
Show first that the distilled water does not conduct elsctrie-
ity. Now add a drop or two of sulphuric acid and observe the
lighting of the bulb, The brightnsss of the lamp can be in-

creased by the addition of acid.

45

i



Apparatus:

Procedure:

Apparatus:

Procedure:

Apraratus:

Repeat with solutions of sodium hydroxide, common salt, and

the others named above.

A discussion of slectrolytic dissociation should accompany

the demonstration.

Electroplating
Two electrodes, one carbon, the other copper; supporis; copper
sulphate solutions; leads; battery.
The electrode to be plated (carbon) is connected to the nega-~
tive terminzl of the battery. The copper electrode is con-
nected %o the positive terminsl. After the current has passed
through the solution for a few mimites the cathode is coated
with metallic copper while thée copper terminal is seen to have

suffered & loss.

I% is now quite effective to exchsnge terminals end show that

the coating is removed.

Heating Effect of Electric Current
Coil mounted in glass tube with terminals and air outlet; rheo-
stats; air-punp.
Connect the coil with resistances to the 110-volt line. Attach
the air pump. Show the heating effect by adjusting the rheo-
stats. Exhsust the tube and show the more rapid heafing of

the wire.

Effect of Temperature on Registance
Small colil of wire so supported that o Bunsen flame may be
passed over it; battery; galvanometer.
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Procefure:

Apparatus:

Procedure:

Apparatus:

Procedure:

Connect the battsry, coil and galvanometer and obzerve the
reading. How heat the coll with the flame and obgerve the

decreane in galvanometer deflection.

Bffect of Temperature on Resistance
An auto~light bulb is operated in series with 6 volts and a
coil of irom wire wound on a porcelsin insulator. Vhen the
wire 1s heated in a Bunsen flame the lamp goes oub due to
increased resistanae‘in the wire at high temperature. As the
wire cools the wire again glows. The cooling c¢an be hastened

by directing a blast of eold sir over the wire.

Thermoelectric (Sesbeck) Effect

Gbpper-GOnstantan thermocoupie; galvanometer; Punsen flame.

Show the thermal emf which results from heating one junction.

Magnetic Field due to a Current through an Flectrolyte

Glass tubing with ends bent at right angles provided with stop=
pers and leads; sulphuric acid solution; pivoted compass néedle;
batieries.

Support the glass tﬁbe horizontally in the esrth's meridian ‘
and élace the compass neé&le immedintely below it. A current ?
sent through the electrolyte gives rise to a magnetic field as

shown by the deflection of the compass needle.

ELECTROMAGNETICS

Lifting Magnet

The magnet can be operated on a single dry cell buit gives best
a7




Apparatus;:

Procedure:

Apparatus;

Procedure:

resulds with current from a alz-volt storage batbery. The

magnet. and armature are provided with rings for sﬁpport and

load.

Force on Core of Solenoid
Solenoid; iron'rgd; 6-volt battery.
Lay the solenoid hcriZontaliy‘on the 1eature'table and gonnect
to the source. Ingert the'iron rod in.one end. The rod is
violently drawn into the cagl, as if by éuction.-and nay qscil-
late several times before coming %o rest. This shows that
magnetic material teﬁds to move into the part of & magnetle
field thﬁb is most intense. If the circuit is broken at the
instant ths rod reaches the center of the golenoid its momentum

may be sufficient to project it out at the other end.

Magnetization of Iron Bar in Harth's Field .
Soft-iron bar about 1' long and 1% in cross-section wound sbout
the center with approximately 500 turns; lecture galvanometer;
hammer or mallet.

With the bar iﬁ an east-west position and the coil connected
to the galvanometer strike the bar aﬁd point out that there is
no response in the galvancmeter. Now orient thé bar.paraliel
t0 the earth's field and show, by blows incréaaingly hardeﬁ,
increased deflection of the needle, ithus showing increased

magnetizgtion.

If the bar is now turned back into the east-west position, re-
peated striking will cause the magnetism to disappesr and the
galvanometer will show opposite deflection.
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Apparatus:

Procedure:

Apparatust

Procedure:

Currents Induced by Magnets
Solenoid: gelvenometer; strong magnet.
Gonnect the coil %0 the gelvanometer. @Qrickly thrust inté the
coil one pele of the magnet and observe the temporary de-
flection. Raise the magnet and observe the deflection in the
opposite direction. FNow lower the‘magnet and hold it down.
Tﬁe galvanometer pointer éomes back to Zerc. Repeat the eox-
periment moving the magneb g;égig. and observe that the de-
flection is less than beforé. Repeat with the cther end'ef
the mégﬁet and ghow that the deflections are in 6pposite

genses in the two cases.

Note: If the direction of the zelvanometer deflection is
first osbablished it can be shown that the induced current has
guch a direction that its magnetic action tends Yo reslist the

motion by which it is produced. (Denz's Law.)

Currents Induced by Ourrents
Primary and secondary coilsi éalvanameter; battery; irom,
copper and brass rods.
Connect the secondary coil to the galvanometer and the primary
to the battery. §OVe the current-bearing coil intovan& out of
the secondary and observe theviﬁ&uae& current. Ths current
in %he primary can be varied, tlus showing the relation be-

tween magnebic field and induced current.

| Now insert the iron core into the primary. This enhances the

magnetic field, ingcreases the flux and thereby the induced
current. Show that the brass and copper rods have mo effect
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Procedure:

on the change of flux by inserding each in turn intc $he

goil,

Llectromagnetic Induction; Faraday's Lxperiment
Two ¢coils of wire sre wound om an iron ringz. One coil (fhe
secondary) is comnected o the lecture galvanometsr. The
other coil (the primary) is connected o a babtery (1.5
Yolts). When the primary eircuit is qlose&[the galvanometer
shows o ballistic deflection in one direation aﬂﬁ'an,oppagite
deflection when the primery éirquit is opéned. The second de-
Tlection will be found %o be lesaz than the first due o the
large residual flux. The direction of the current in the
primary can be chenged and the galvanometer thrust shown to

be i the pther direction.

Qorstedls Experiment
Pivoted compass needle; long straight conductor: é.dry cells.
Hold the current-bearing conmductor in the msgnetic meridian
Just above o pivoted compass needle, which is iteelf so
placed es to lie in the meridian. The direction and amouns of
swing can be shown to Aepend (respectively) on the direciicn
of the current and its strength. The iﬁsﬁructos should make
clear the rules of direction of meznetic field with respect to

gurrent direction.

in&uced EME and Ruﬁber of Turns
Coils of 300,600, &nd 900 turans.are wound on hollow cylinders
méiunted upfight on & piatférm. the ends leading to terminsls
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Apparatus;

Procedure?

Apparatus:

Procedure!

which allow connection to the demonstration gaslvanometer.
When = strong bar megnet is thrust into the coils (with as
nearly as possible the same speed in each case), the emf
induced is shown to be proportional to the mumber of turns.
Other related phenomens may be shown, e.Z.,

1. deflection opposite when pole is withdrawn;

2. relabtion betwéen direction of galvanometer

deflection and pole used;
5. emf not induced when magnet is at rest;
&, two 699051te poles thrust simulitancously

yield no deflection.

Force on a Conductor in a Magnetic Field
Narrow strip of tinfoil, the ends of which are attached %o
brass rods one above the other; battery and leads; U-magnet.
Pass a current through the foil at the same time holding the
magnet eo that the foil hangs vertically between the poles.
The force on the conductor is immediately obviocus. If the
direction of the current is reversed the motion of the com-

ductor is reversed accordingly.

The Force Action Between Two Wires Carrying Current
Spiral of light copper wire supported at its upper end, the
lower end dipping into a mercury cup; battery.
Pass a current through the gpiral. Adjacent turns attract one
another, the spiral coptracts and the lower end is lifted from
the mercury thus bfeaking‘the circuit.}‘The spiral then falls

back and the operstion is repeated.
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Amperel's Dxperiment

Apparatus: U-shaped wire supported by wire loops or in mefcury cups;

Procedure:

battery; bar magnet.

Pass current through the wire. Place one pole of the bar
magnet Jjust below the wire which then experiences a displace=-
ment according to the direction of the current. By increas-
ing the current and the field intensity the force action can

be shown to increase.

dmpere's Left~Hand Rule can be demonstrated.

Magneto Blectric Generator
The device consists of a rectangular coil mounted hetweeﬁ the
poles of horseshoe magnets, the coil provided with a crank
which permits rapid turning. The whole is mounted on = base
with an incandsscent lamp which can be lighted by the current
generated. Two terminals are also provided, and with the lamp
thrown out of circuit these may be led off as desired. (e.2.,

shocking handles. )

With a neon bulb in the circuit the reversal of the current

with every half-revolution may be observed.

The vibrations which the incandescent lamp filement experiences

due to nroximiity of the magnetic field should be pointed out.

SOUND

Characteristics of Simple Vibratory Motion
The apparatus consists of a strip of steel about = meter long
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and 2 em. wide one end of which can be clamped in & vise.

The free end is provided with 2 mass, the position of which
can be varied.. A force applied at the free end sets the rod
into vibration. Hooke's Law can thus be shown. The char-
acteristics of vibiratory motionm, frequeﬁcy, period, amplitude,

displacement, phase, can be shown.

A Sounding Body is in Vibration; Resonance

Apparatusy Two tuning forks of the same frequency mounted on resonance

boxes; ivory ball suspended om a thread and just touching the

prong of omne forl; mallet,

Procedure: Set the tuning forks some distance apart and strike the one

with the mallet. The other fork responis by resonance as is
shown by the Y"dancing" of the ivory bell. The sound is clearly
audible throughout the room. One fork may be stopped; the |
other is still heard indicating that sound accompanies the
motion. The effect of decreasing the distance between forks,

should be demonstrated.

Forced Vibrations
Apparatus: Two tuning forks of the same frequency (uamounted).
Procedure: Set ome fork into vibration, then oress the stem of the fork
, against the table or blackboard. The intensification is im~
| mediately observed. Now set the two forks into vibration
similtaneously (with the same force). Press the stem of one
againgt the blackboard and hold it there until the sound is

no longer audible. Then press the stem of the other fork
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Apparatus:

Procedure:

against the blackboard and observe that this one still emits a
scund. This shows that the vate of encrgy dissipation wag

greater for the fork held against the blackbdoard.

.Standing Waves
Rotator (chuck in horizomtal posiiion); vibratér; rope; pulley;
¢lamps and ﬁprights; weights and weight hanger.
Attach one end of the rope to the vibrator which is operated
by the motor-driven rotator; the other énd is put over a
pulley and weights added as incresse in tension is desired. A
sot~gerew in the vibratcr4§ermits variation of amplitude and
the friction-clutch gives variations in frequency. Nodes and

loops cen be shown.

Material Hediué Necessary for Transmission of Sound

The apparatus consists of a large bottle in which is suspeﬁded
an electric bell, the bottle provided with a ﬁight»fitting' |
stopper, leads for battery connections and metal tube for air-
pump connection. With air in the jar the bell is set ringing}
the sound is plainly heard. The pump is then operated. A4t
sufficiently low pressure the sound from the bell Decomes quite
inaudible., It should be pointed out that, although a material
medium is necessary for the transmission of sound, sound is,
not a transfer of material particles, but rather a transfer of

energy by disturbances in the medium.

Doppler Effect

Hold one of the mounted tuning forks (Frequency 2048) in ome
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Apparatus:

Frocedure:

Apparatus:

Procedure:

hand and get it into vibration by striking with the wooden
mallet. KNow move it rapidly toward and away from the class.

The change in pitch is immedlately observed.

Resonance; Vélocity of Sound in Air
Bell Jar of water; hollow glass ¢ylinder; tuning fork.
Hpld one end of the cylinder in the waber. Above the open end
hold the vibrating tuning fork. The eylinder may be raised
and lowered and a position found whers the sound of the fork
is reenforced by the sound of the air column and seems loudest.
It should be shown that the length of the air column is one-
quarter of & wave iength. It can further be shown that a
closed resconance column may be 3, 5, 7 or an& odd mumber of
Quarter?wave lengths., With correction for size of tube the

gpeed of sound may be calculated.

Siren Disc; Pitch and Frequency
Siren disc; rotator; air jet attachment; clamp and stand.
Hount the disc on the rotator and clemp the air jet attachment
Just above the 4196. The disg‘may be rotated at uniform or ‘
variable speed (by use of friction clutch) and an air blast
directed against the holes. . The sequence of regular puffs of
air issuing from successive holeg produces a msical note.
The frequency may be'increased'by increasing the speed of ro-
tation. Interesting effects may be obtained by "playing® the

valves on the air jet sttachment.

Frequencies of Znclosed Alr Columns

& series of flasks are arranged in order of increasing size




and an gir jet directed across the mouth of each. BEach en-~

closed air column yields its characteristic pitch and the

series of flasks yields an interesting sequence of tonal steps.

Toothed Wheel and Card (Savart Wheel)
Mount the toothed wheel on the rotator. Hold the edge of a
stiff card against the rim. The pitch can VYe varied by vary-

inz the speed.

Prevelyan Rocker
The apparatus consists of an iron trianguler prism to one end
of which is attached = handle, and z lead priesmatic block.
The iron rocker is heated in the flame and then laid on the
cool lead support. The rocker oscillates and produces a musi-
cael tone. The fluctﬁations in pitch can be observed as the

temperature changes.

The rocking is due to rapid local expansion of the lead under
one edge of the rocker thus tipping it so that the other edge
makes closer contact. The alternate expansion znd contraction

thus set up make the rocking continume.

Xylophone
The apparatus consists of eight pieces of wood suspended by
cords; the pieces may be struck successively with a wooden
mallet, sounding an octave. The strings are attached %o each
stick at its nodal points. Saw cuts near the middle of the

bars provides lowering of the pitch.
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Apparatus:

Procedure:

The Phenomenon of Beats
Two mounted tuning forks of the same pitel; plece of waxg
nallet.
Strike the two tuning forks in quick succession and observe
the smooth even tome. Now fix a piece of wax to the prong of
one of the forks and repeat the experiment. The frequency
of this fork is now diminished and the former smooth tone is
replaced by a throbbing or pﬁlsating ons. This pulsstion is
called the phenomenon of beats and is due %o the alternaﬁe
interference and reenforcement of the sounds produced by the

two forks.

Rundt's Resonance Tube
The apparatus is familiar. Lomgitudinal vibrations in the
rod set up stationary waves in the alr column, which is shown

by the pattern of the cork dust, indicating nodes and antinodes.

The speed of sound in the metal may be computed from the gen-

eral equation' V =1\ or n= §~ » Since the frequency is

: v
the same in both metal and air we have XEL'= %é o
bl a

The distance between two successive nodes is half & wave length,
The length of the rod if clampéd in the middle is equal %0

one half the wave length in ths metal.

Resonance Column and Si;en Disc
The resonance column is a piece of metal pipe mounted horizon-
tally, provided at one end with a stopper. Mounted on the
other end iélén air Jet attachment which provides connection
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by rubber tubing. The siren disec is rotated in a vertical
plane between the end of the msital pips and ihe air Jet

attachment. The speed of rotation may be governed by the -
frietion clutch on the rotator, and resonance obtained for

both open and closed pipes.

Sengitive Flame

The apparatus consists of a metal tube fitted at one end

with a one-hole cork stopper which slides over a Bumsen burnen
the other end of the tube having 2 holes opposite sach othser
and normal to the axis; a glass tube drawn at one end is held
in & clamp, horizontally, the drawn tip just within one radiael
hole in the tube. Both burner and glass tube are attached to
the gés line; the burner acts as a pilot light. With proper
adjustment of gas pressure & small flame beam which is sensi~
tive to high-pitched sounds will issue from the opposite hole
in the tube. The flame responds to the ratile of keys or the

~ ¢lap of hands, and excellently to the Galton whistle.

OPTICS

Optical Disc
A metal disc about 1' in diameter, surface painted white and
rim gradusted in degrees is mounted on a horizontal axis about
which it can turn. A semi-circular shield concentric with the
disc has an opening at its cenber ovef woich & shutter sglips

having three horizontal slits.- These-slitg are provided with
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stops. A parallel beam of light is directed at these slits

~and the paths are visible against the surface of the disc.

Mirrors, lenses and prisms may be attached to the disc ang’

the phenomena of refraction, reflection, etc., can be shown.

Optical Tank
The device is a long trough (comparable to a window flower
box) with one £lass side and one glass end. It may be filled

with water to which a little eosine is aﬂded. This makes the

pathe of the light rays easily visible to hs "1433. ﬁéflecticn

refraction and total internal reflection may be shown.

Interference in Thin Air Films
An air wedge is formed by laying two largze pieces of plate glsgs
on top of one another, the wider end beipg separated by a
light string between the pPlates. VWhen held in fromt of a soi-?‘
lum fleme so that the flame is seen reflected in the glass &he

interference fringes will be easlily observed.

Dispersion by a Prism
A glass prism is held in the besm of 2 projection lamp. A
contimious spectrum is sesn on the wall., The demonstration

should be accompanied by blackboard explanation.

Single-slit Diffraction
Zach student is instructed to hold two adjscent fingers close
to, and directly in front of, one eye, and to dserve g straight~
'filament lamp through the narrow eperture befween the fingers.

Diffraction effects can then>be observsd.
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If photographic plate is avallable each student may be pro-

vided with a small plece on which has besn ruled a single
line. ‘This provides a better obgservation of single-slit

diffraction.

Diffraction by Double-slit; Young's Experiment
Zach student is provided with a pisce of photographic plate
on which has been ruled a pair of parallel scratches. 3y
observing a straight-filament lamp provided, each may then
see the colored interference fringes from double slits.
Fote: This experiment is of such fundamental and historical.

significance that it is decidedly worthwhile %o provide it.

Double Refraction
Double refraction is shown most commonly by calcite crystals.
Place the crystal over a printed page and allow the students

to view the page individually.

The following permits the showing of double refraction to the
whole class st once: A small hole of about 2 mm. diameter in
& sheet of cardboard or metal is strongly illuminated, and ite
image projected. When a calcite crystal is held over the hols,
two spote of light appear on ﬁhe screen. As the erystal is
rotated, one spot appears to remain fixell while the other moves

around it.

Polarization Phenomena

Several of the more important aspects of polariéat%on Phenomena

may be shown with the equipment provided im s Polaroid Experi-
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mental Kit, obtainsble from The Polarcid Corporation. 1In

addition, some form of lantern-slide projector is needed. The
following experiments constitute the more important ones of

those which may be shown:

The Extinction of Light by Crossed Polarizers
The two Polaroid discs are placed in the holder on the pro-
Jjector. As either of the discs is roteted the illuminstion on
the screen (or wall) varies from a meximum to zero. Unpolarized
light from the source is plane volarized by the first disc.
The light now is comprised of vibrations in one plane, say -
vertical. If the polarizing axis of the second dige is hori~
zontal, these vertical vibrations are now intercepted. For
zero illumination then, the polarizing axes are perpendicular

to each other.

Polarization of Light by Double Refraction
b piece of natural calcite or a doubly refracting orism is
inserted in the position occupied by the first disc in the
previous set~up. An opaque screen with a hole of several milli-
meters aperture is placed in front of the source. The two
overlapping images of the hole are focussed on the wall. %he
erystal has broken the light into two beams polafized at
'right angles %0 each other. If the Polaroid disc is now ro-

tated first one and then the other of the images is exbtinguished.

Interference of Polarized Light

A crystalline sheet (e.g., cellophane, mica) is inserted be-
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tween the Polaroids. The highest saturation of- ¢olor occurs
when the axes of the two polarisers are mutually perpendicular,
The color of th_ié transmitted light can be varied by changing
the thicknsess of the.crﬁstalline sheet (adding another layer),
or its orientation, or by changing the orientation of the

polarizers.

Streins in Transparsnt Materials
The samples provided are held between the Polaroids and dis—
torted by either squeezing or stretching. The photoslastic
interference phenqmena; due to changes.iniqptical'propertzes.
are viewed on the screen., . The oriantation of the sample may -
be changed whereupon theuintérferencg;patterns-change;aiso,
(attention should be called to the industrial application. for
the detection.of strains and defects in structures and

_machines.) -
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