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PREFACE

This Laboratory Manual has been prepared to accompany
the Ontario High School Physics.

As will be seen, it contains a large number of exorcise^. A
considerable number are qualitotive, being intended to intro-

duce new ideas and impress fundamental principles; but the

majority are quantitative, and are intended to lead to methods
of accurate mea urement of physical quantities oi various

kinds.

By making the number of exercises large and giving
alternative methods for performing some of the experiments,

schools whose supply of apparatus is not lai^e will be able

to choose a satisfactory course suitable to their equipment

In many cases the apparatus required is so simple that
it can be constructed by the teacher or by the senior

students. Nothing can be more interesting or advantageous
to the ingenious student than to construct his own apparatus,
and wherever possible this should be encouraged ; the
necessary apparatus, moreover, is of an inexpensive nature
and can now be readily obtained in the Province.

iti



IV PREFACE

Some of the experiments (for instance, those on the micro-
scope and telescope, Exercises 86 to 90) are beyond the work
of the Middle School; but, as they are simple and have
interesting practical applications, they have been included.

The values of the physical constants, contained in the tables

in the Appendix, have been taken from the Smithstmian
Phyaical Tahles published by the Smithsonian Institution,

Waahington, D.C. A volume such as this should be in eveiy
physical laboratory.

Toronto, June, 1911.
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Part I

—

Mensuration, Units, Density

Ez«rdM L—Determine ezperimentaUy the value of ir (the istio
of the drctunference to the diameter of a circle).

Apparatus :—Accurately-made circular wooden or metal discs
from J to 8 inches in diameter, lar^re coins, or cylindrical cans:
strips of thin paper; fine wire, such as florists use; metre stick.

(a) Measure tfie Diameter. Lay the metre stick on a face
of the disc so that the graduated edge lies along a diameter
(Fig. 1), and adjust it so that one
edge of the disc is exactly at one of
the graduations on the stick. Then
take the reading at the other edge
of the disc, and on subtracting the
two readings we get the diameter.
If the latter edge comes between two graduation marks
estimate the fraction in tenths, not in halves or thirds as we
•usuaUy do. It is much simpler to work with decimals.

Greater accuracy may be obtained by the use of callipere.
Figs. 2 and 3 show common forms of this instrument

Kio. l-MeMorinirthediMiitter
of » d M. Uy the fnduatMl

Fie. a-ClUpm.
F.e.8.-C*Illpent

^e callipers are fitted to the body whose dimensions are to
be determined, then removed and the distance between the
points measured with a scale.

1



' MEKSDRATIO!!, TNITS, DENSmr

di^lyt fW "IT ™.'™"'«"' "" "»'» « attachedd.«cOy to a bar which came, a diding jaw a. .hown in

r^u« L d- f
'"''\?^> 'ay'-K the metre etick „„ it.

Sh „f ^h
d«tance between the two holes. This is theength of the circumference. Repeat the process and takethe average of all measurements.

Again wind the fine wire one or more times-accordingto the size of the disc-alout the circumferencVt^ ,h™s^" !;?.:;«:' '';r "^ -pp'^'-^ '"ti'thfm^8"CK. lake the mean of five measurements

usit^kf'f'".'''"''"'"''
"^ ^^*™^^^ ^d circumference,using different discs, coins or cans •

fol^^:!!.°
'"^"""''"' "" '^'' "- " » table, such as the

First Disc

TrUl. DUmeter.

1

2

3

4

6

Mean
Value of X

Why is it advisable to use discs of the sizes indicted ratherthan smaU ones, say 1 inch in diameter ?
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!'>••>•""'""••••I •**"*•••••••>
S.'£:!"'"""•Jasia^••iaavi

""*""•«•••»•"••<>
[SSSS?SSSS!S"""""*"*"«"aaaaaa,'""""^"aaaaaaaaaaBBaaBav^BBBa
••^vaaaaaaaBaaaaaaa'aaaaa

••aaa»; = ==«aaBii

Fi*. 4.--riiid the are* of tba
circle by countini; the full
qiikree aiid the fnuaionki
parte.

Exercise 2.—Verify the formulas for the urea of a circle and of
an ellipse.

Apparatus :—Compasses, squaml paper, string and two pins,
metre stick.

'^

(a) The Circle. Draw a circle with radius IJ or 2 inches
on squared paper. The paper is usually divided into ram. or
tenths of inches, and lienco the area of
a small square is 1 sq. mm. or ^J^ sq.

inch. Count the number of complete
squares within the circle, and estimate
the area included in fractions of scjuares
by counting the number and dividing
by two. Then add all together and this
will be the area.

Next, measure the radius in mm. or
inches (or in lengths of the side of a r—

•

small square) and calculate the area of the circle from the
formula, area = ^ (-^ = V- or 3.1416). Compare this result
with that found by counting the squares.

(6) ne Ellipse. An ellipse may be drawn in the following
way. Place the squared paper on a board and put two pins

firmly at A and B. Over these place
a loop of string. Pull the string taut
by means of a pencil P, and tht;n

move the pencil about, keeping the
string always taut. In this way an
ellipse will be drawn having A and B
as foci. Bisect AB in C and draw
FG perpendicular to AB. DE is the
major axis = 2a and FO is the

minor axis = 26. Count the little squares as in the case of
the circle and thus obtain the area. Then measure DE and
FO carefully and calculate the area by the formula nroh.
Compare this with that obtained by counting the squares.

: ;
i

Tniiiiim-w-M44H.. ii

^J :5S:S

\i{:
illllllllllJJJlt

-^^^^-

tH---l-illlllllCTIff^
+4- +-.^

Fia. 5.—Find the area of the elllpee
by counting the equwee.



4 MENSURATION, UNITS, DENSITY

J^l^^inaUon of Ma^.-Ua^ is determined by means ofthe balance (Fig. 6). For description of balance, Je^Zj„
see Text-Book, §11. in
using the balance the follow-
ing rules should be observed

:

1. Keep the balance dry
and free from dust.

2. See that the balance is

properly adjusted, so that it

will, when unloaded, either
rest in equilibrium with the
pointer at the zero mark
on the scale, or will swing

^ equally on either side of zero.
F.O. «.-A oonvenl^^UUjjce. H«Klle it with 3. PlaCe the body, whose
., ^ , -, , - ,

™ass is to be ascertained inthe left-hand scale-pan, and place the weights in the right-hand scale-pan. Until some experience in judging the massof a body has been obtained, try all the wei^hte in ordrcommencing with the largest and omitting non^. Wh.n anyweight causes the right-hand pan to descend remove it. Never
select weights at .ndom.

In the balance shown in the figure any addition under
10 grams is obtained by sliding the rider r along the beam

lltfrlZoZ
"^"^ ''''^'''' ^"' - °^ ^^^« "^^y ^ ^^^^ by

Before beginning, the balance should be tested. Push thender r over to its zero mark and then if the pans do not

tb^y"do '
^ *^' ^^^'' ^^ *"™ ^*^^ ""* ^ ^<^"

4. To determine the equilibrium do not wait until thebalance comes to rest. When it swings equally on either sideof zero, the mass in one pan equals that in the other.



THE VOLUME OF A RECTANGULAR SOUD 5

6. Place the largest weight in the centre of the pan, and the
others in the order of their denominations.

6. Keep the pans supported when weights are to be added
or taken oflT.

7. Small weights should not be handled with the fingers.

Use forceps.

8. Weigh in appropriate vessels substances liable to injure
the pans. For counterpoise use shot and paper.

9. Never use the balance in a current of air.

BzerdBe 3.-Pind the T»lue of 1 02. in grams, 1 kilogram in ponnds.
1 quart in c.c. and in litres. (Tkxt-Book, §11.)

Apparatus :—Balance, with both British and metric weights
qu»rt measure, glass vessel graduated in c.c.

'

(a) Place an ounce weight on the left-hand pan of the
balance (Fig. 6) and place metric weights on the right-hand
pan to balance it.

(6) Next place the kilogram weight on the left pan, and
keeping the rider at the zero point, add British weights on
the right until they balance the kilogram. Express your
result in pounds and decimals.

(c) Carefully pour water from the graduated vessel into the
quart measure until it is just filled. Then add up the amount
poured in. Or, fill the quart measure and empty the water
into the glass graduate. Express the quart in c.c. and also in
litres. (1 1. = 1000 c.c.)

Ez«rei8e 4.—Pind the volume of a rectangular solid : also its
density. (Text-Book, § 17.)

Apparatus :—Block of wood, metre stick, balance.

Apply the metre stick to each edge of the block, thus
measuring each dimension of the block four times. Take the
average, and by multiplying the three dimensions obtain the
volume.



MENSURATION, UNITS. DENSITY

Take measurements in inches as well n- .n «

level, i, the requiml ^tme
"""=' '"'"'*° "" '"<>

oove«d Mark the level on the beakerlyTb"

l«"°"»tf ,r
"^' J»I^'- Then «„„vVttq.here, and allow water to run from the burettemto the beaker until it reaches the lev , shCby the gummed paper. From the graduationon the burette one can easily .ee how m„7

rae spliere. The experiment should be ner-fonned several times and results Ubuh.ted'^

preci

irrej

coal

The volume of the cylinder may be found in
^^^

ecisely the same wav TK^ /

1

T ^Ip-s-BumuwdJ «*uie way. ihe volume of an ^•'' '» ««i-

phen.
or

piece ofa potato could be found quite as easily.



THE VOLUME OF A SPHERE »

In order to find the diameter of the sphere or the cylinder
one can use the micrometer gauge (described in the next
exorcise) or the vernier calli-

illl!inliriifiiiiliihlTinl.iH|f.|||||

per. A form of the latter is

shown in Fig. 9. The scale
V on the sliding jaw is the
vernier and its object is to
measure fractions of a division
of the scale B. Usually n
divisions on the vernier are 'to».-v«tBtoro»iHptr.

equal to n - 1 divisions on the scale. Suppose 10 vernier
divisions are equal to 9 scale divisions, and that the latter are
millimetres Then 1 division on the .mier is clearly 0.9
mm., and the difference between one ^le division and one
vernier division is 0.1 mm. In ordei to explain the action

of the vernier consider the
iiiiii.t oi Llll i« l« f i»

vernier consider the
'

^^'!'V'l,l

j//C"
'

"
'^ enlarged image of the scale

'".lo.-fciU.Jd;;;;;;;;^ a»dvemier(Fig.lO> The

, , -
object to be measured is

placed between the jaws of the calliper. Suppose the zero on
the vernier occupies the position shown in Fig. 10. It is clear
that the length AB is equal to 16 mm. + a fraction of a milli-
metre. To find this fraction, look along the vernier and see
where a line on it coincides with a line on the scale. It is seen
that division 7 on the vernier coincides with the lino c on the
scale. Then the fraction to be measured, namely the distanceaB is equal to the difference between the 7 divisions of the
scale in the space oc and the seven divisions of the vernier in
the space BG. But the difference between one scale division
and one vernier division is 0.1 mm. Hence the fractional part
18 7 X 0.1 or 0.7 mm., and the entire space AB is therefore
16.7 mm. or 1.67 cm.

For any other vernier the calculation is similar.
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« MENSURATION, UNITS, DENSITY

wMch i. ,^. ,iu. r.t Jr«U' .*:pfH„«:?r
" '""""••

^.».rv.:-8„^ ^ ^„ ^ ,.,.„„,^^^ ___^__^^

The micrometer giiuM (Fiir n\ i* vn«,

f**""»t«>y made screw which works
in a nut inside D, md can be
moved biclc and forth by tumin^
the cap C to which it is attached

»** ii-Micnwrter wi« ,«,^. f"^ ^'^'ch slips over D. Upon 2)

of revolutions of whil/flT 'J!'^',?'^'''^'
^'"""^ '^« ""^^rwiHi ui o, wnile the bevelled end of n {« ^: -j omto a number of equal parts by whichTh^.. '^^

revolution ar. meJ.red.^By tLTn" th! "^u'''''
°^ *

--- forwa^ until it reachfs t'hTs:^ ^atThi hVmtth^graduations on Z) and C should both read LZ
^'

In order to measure the diameter of a wire t.,m fKuntil the wire just slips between A and/ Tk u ^ **P ^
";e g^uations on D fnd C we find how far

^^ ^1^^^been drawn back from B, which is tL fK- u 1?
^"^

wire.
• " " "^® thickness of the

Suppose the pitch of the screw to be i mm Th«« u ^rotates once, the end A moves thrt,urh * mm Now - °
^there are 50 divisions it is evident thafwhe^Tt tur^X

^'^

fone division the end A moves througlX ^ , ^ ^^^^'^
Such an instrument will measure to ^4 n/i ^ '^ '""''
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Sometimee the pitch of the screw is ^ inch and there u«
25 divisions on the he^i C, in which case one division -
i*r X ^ - j^ inch.

When making a measurement hold the cap C lightly and
turn the screw until the wire is just grasped between A and B.
The instrument must not be screwed up tight, as that would
destroy the accuracy of the screw, and moreover the wire
would be somewhat flattened.

Having measured e'ich wire at five different places, take the
average. Then compare your results with the sizes given in
the following table and see to what number on this gauge the
wires correspond :

—

Bsowir AKD SHAmra (Ami iCAw) OAtrai

No. of Wire.. 1 2

6.54

8 4 6 6 7 8

a26

8

2.91

10

2.59
Diikin. in ram. 7.36 5.83 5.19 4.62

16

1.45

4.12

16

1.29

3.66

No. of Wire.. 11 12

2.05

22

.64

18 14 17

1.15

18

1.02

28

.32

18

.91

28

.29

20

.81

80

.25

Diam. in mm. 2.30

21

1.83 1.63

No, of Wire.. 28 24 25 26

.40

27

.36
Diam. in mm. .72 .57 .51 .45

Exercise 7.-Fiiid the pttch ofa screw.

Apparatus :—Several bolts of different diameters, metre stick.

Place the metre stick against the threads of the screw
(Fig. 12) and count the number of
threads in any length, say 1 cm. or
1 inch. Then the pitch is given by
stating the number of threads per
cm. or inch.

The measurements may be verified

by rotating the nut a definite number of turns and measuring

Pm. 11—a bolt. Pind tlM pitoh
olttwr



10 MKNSPBAWOS. VSTtS, DEfSITY

thei^ or^d^^ „, ,^^ ^^^^ ^^^^ ^^^^

n5.«:=S-u, '"^^
;:1,(% 13) of the water by . Wt of

it-TOK P"f'
"-Id in place by a rabber b«.d o' rilly

Then area of cross-section = Y?!«me

Height

resKS:-™ """ '"""•" ™'-- '-^ -»«» the

No. of Trial. Volume Run In. Height in Tnbe. CroH.Mctioa.

I

Average cross-section

diameter. ' ^ ^'^ Compute the



CROSS-SECTION AND INTERNAL DIAMETER H
The internal diameter of the tube can be determined by

direct measurement by
using as a gauge a wedge
of squared millimetre

paper of the form shown
in (Fig 14). Thrust the
wedge into the tube,

keeping the side a h of the paper against the wall of the
tube, and read from the squares the diameter.

Callipers are used to determine the diameters of large tubes.WTien „wo pairs of points are provided (Fig. 3), the one isuml in measuring external, and the other internal diametemWhen the instrument has but one pair of points, internal
diameters are measured by making the limbs overlap as shownm r ig. 2.

^

'^o. 14.—Oaoife for meararinr lnt«ni»l dfauMtor of
• tub*.
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PABT n-MnCHAKICS AND PROreRms OF MaTOR

C3a the spring thus formed being 8 or 10 fcm'ong_ A simple form of apparatus is shownn Fig 15. The string attached to the

a^d near the edge of a graduated scale S.In^ the stnng ,s a knot A which serves as an

Firet remove the scale-pan P. place it on

sin w"^ .^r^" ^''" ^^S- <^) ^^^ add
small shot or tacks until it weighs 10 grama
Replace ,t and observe the p<^ition TZ
index A, which is the reading when thespnng ,« ..retched by a force of 10 gmmaAdd 10 gmms and read the index again
Continue adding weights and reading the
scale for each weight.

Arrange your results in a table giving in

2nd fK« A' I
"^^""^ *^^ stretching force, in the2nd the reading on the scale, in the 3rd the amoun/ If T

stretch, and in the 4th the values obtained on d^vfJ^i It'
stretching fon.e by the amount of str^tirXXl
Next plot your results on a sheet of curve rwinpr /P" ,i,xDraw m^ OX, OY .i right .nglea tZIITZI-^J,^

1«

Fi».18._nndlhew-
tation between the
load on the aprinv
Mid the etretch pro-
duced.
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Weight in gnauL

no. U. -RepreMnting nnilU by meuu of a ourva.

A STUDY OP THE LEVER
jg

of reference; distances measured along OX will be known as ofc-
8018808,thosemeasured
perpendicular to OX n
(ie., parallel to OF)
will be known as

ordinatea. Represent a

the different stretch- s
ing forces by lengths j
along OJT and the cor- I
responding amounts
of stretch by di; ances
along OY.

Let OA represent

10 grams and OB re-

present (say) 3.5 cm.
(the amount of stretch). Then at A erect a perpendicular AP
= OB. In this way we obtain a point P. Obtain, in the
same way, a point corresponding to each set of readings. Let
these points h^ P,Q, R, S, . . . . Then through these points
draw a freehand curve. In this case it is approximately a
straight line. This graphical method of representing the
results of an experiment is of very great utility.

In order to test the spring-balance hang on its hook the
little pan and its load (10 grams in all). Then continually
add weights to the pan, noting in each case the reading on the
scale of the balance. Enter in two columns the load on the
pan and the corresponding reading on the balance, and thus
determine what corrections, if any, should be made to the
latter. If the balance reads in pounds or ounces the British
weights should be used.

Exercise 10.-A study of the lever. (Tkxt-Book, g§ 50-52, 82 84.)

^A^PARATUS:—Metre rod, hardwood prism, set of weights, spring-
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14 MECHANICS AND PROPERTIES OP MATTER

J' mo eage of the priain (Fig. 17). If

[ ^ ^Z ^^'""^ ^^ »°<^ balance
JD^^ ^ add bits of lead to thp

*'».i7.-AUv.,ofth.«mota» lighter end until it does.
to reduce the vibration.

^^^ ^^"^^^ ""^^e*" 'he ends

j^^ 8 » unfi ,t j„st balance, /-, and note the length

t^^ZL^'JS^Z"*^- "'""**'« "•" ''''«•"«• »-» '••"'ate

Arm of P. Moment of />.
Arm of »'. Moment of JT.

it on the prisn, Sun^rt"-?,!?'''"'^
°' "•« '•«' ^^ Wancing

toa3t4 ,otTr4iriS7tt^7^'«'-''''-^^^

and.LTaXru„r" "' " >«»* ^ «=- '«>» one end

2 cm. from the Other end. fl 8
Place a Aveight W on the F c fiw h
rod. noting its distance from -̂ =-=^ '' fe

experimenl,^v:;t;T:fd'^^^^^^^ /^'^ ^^ ^^^ « <^^* -nt
in the table:- ^ ^' *°^ '"^^^ *' results as
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MooMntoir Annnf W Moment of W P. Armol P
PP.

MooMnt o( P
PxPP.

.^"^^ ""^
^Jr. f"' ^^^ * ^"^"•* °f *'»« t»"«l <^la«« support

the metre rod at its centre
^^

* -^ 111"

Flo. 1»._A lever o( Uie third '^tm

of gravity as in the last ex
ercise, and push it through a
wire loop fastened to the
tab'- and transpose the
positions of P and W (Fig. 19).
Arrange the results in a table as in the other cases

^r^'::i^'i;r^^.^^r.^^,
^^^- ^^««^ "-«H i, pulleys

Drive a pin (a wire nail with its head removed) in a boardon^the table; over this lay a sheet of paper ; on thipin tZd
* ^arge bead and also the
metre rod, so that the pin
passes through the centre
hole. The bead will keep
the rod from the table and

in a horizontp! plane.
"^"^ ^"^"^ '^ ^ ^'^^ ^'"^^'^

Attach strings to any points A, B (Fig. 20) of the rod. and

weights F and Q on the ends of the strinos.

«.d draw OT. CN, the perpendiculars from C upon these linSCarefully measme the lengths of CM, CN. Thfrnoment -^f PaboutC7isPx Clf; that of Q is Q X Ci\r

F». ».-A lever wiUi loroee not perpendicular to
ite length.
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16 MECHANICS AND PROPERTIES OP MATTER

''""-"'^"ti!?!u'^K'^'"xo'--

Jakediffe^nt values of P a„d Q. and tabulate results aa

f^nTSTrS; ^l^.Tf^•nr^'^ ^ «» ^-th* of a
APPAaATUs:-0,«duated ,^ and a weight.W the rod on the edge of the pris. (Fi,. ,,^ ,„, ^^^^^ f-dlL-^ !^|»« graduation C where

»s^ itbalancea The centre of

—-...-. r?^ " *<= "»« place,

prism at another place in its lencrTh
^'^ ^^^ "^ ^'^ *^'«

along it until it baCsiX Tft. isTh
""""'^ ^^^^^^ '^

we have ^ " "^ " **»« weight of the rod,

, w X Cf = jp X WFfrom wliich ii; can be found.
Vary the weight W and the distance WF ^n^ • * •

least 6 results, which should be tabuS *'''^*" **

Support the n>d ari^cL^^o^JT^^^
'"
V'*'^

attach spring-balances at ia'd/:"^^^^^^ -^
the rod (Fig. 22). Hang a

' ^^ ^" *'°*- ^«>n» each end of

heavy weight TT at any
place. Take the readings
P\, Pj on the balances and
the distances /„ l^ of the
weight from B and P,.

*""• '*-'^-« »• ««uiu«. of7;i,.„o^
Place F at various positions on fHa «~i j .

table as follows :- "^ ^'^^^ «°*«^ ^^^ m a

'•.. ^.- -p. + i",.
'^- ^. X /.. Pt X I,.
' —



THE PARALLELOGRAM OF FORCES

about B.
»

"^ ^'» ^ ^-^f w*th *y X l„ i.e., take moments

Apparatus :~Spring.balance8, small ring, cord

«nl'"t"/^'^'
"^"^^ ^^'**-""^> ^ * ^^^^ ring and hookspnng-balances on the other ends of the cords (pt "3) Bvmeans of pins in the top of the table

^' ^ ^" ^
over which the rings of the balances
may be placed, or in any other con-
venient way, exert force on the
balances so that the cords are under
considerable tension. The balances
should move free of the table top.

Pin a sheet of paper under the
stnngs and mark a dot precisely at /J
the centre of the ring ; also make dots' g
exactly under each string and as far f.o as. n.^ ...

from R as possible. S^^SJ*^!!rt;^-'
"»

Read ea^h balance. Then loosen them, and when they arelying on the table ol^erve if the index returns to zero If^does not a correction to the reading on the balance must be madl^ith great care draw lines from R through the pointsmider the co.xis. and on these lines take distances pro;>Sto the tensions of the corresponding strings Thus if Th.

"Trstr ''^- '"^^-^ ^'^ ""^^ '»^^. '0-
V^ag any two of these lines as adjacent sides, complete .

parallel. Draw the diagonal between these sides and carefully

t^rStn^"- ^''"'P-"'«"«"-««.anddirectiont:j

Apply your resnlta to verify the triangle of forees.
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(TicxtBook,

fl

the P m cacl, ca«e which will just cnso r to riseArmnKe the result in . table with heading, PW.
VA L ,: . ^""'* """e. having the values of P

Make similar exi^n-^ents with the an^ge^ents shown""^'^ in Figs 25. 26. In these cases find the
ratio between the distances moved through

f p *". J' ^^"^ ^*'^^' ^«' ^Jiff^rent values
of P and r. tlie value of the ratio W/P »
efficiency. '

teaW in the incline! pUme. (Tkxt-Book. sTm
Appabatus .—As in Fig. 27. pA

45° Th«
^^-^ tl^^inclined plane at an angle of '^«- «-^

ve^ ii^:re f^r un^ t^:: ifthTc^^
-^^^^ -^^^

will not be satisfactory"e "wet^^^^^
th. experiment

add to P until W uL ll ?^ """ ^' *^^ *hen

be done b/a"ng a paT^^^^^^ f'^ ^^^^T
'^^^ -»

water or sh^ot to inerLe fh weigR 't"tVt T^ ""''

inthis«.e. ThenlightenPu^lVfJtltstrt'

S

Fio. 26.



A STUDY OP THE PENDULUM tg

plane
;
let P, be tJu, weight now. Take J (A + P,) = P asthe weight requirtKl to balance

i + ^ «> - i^ as

F" if there were no friction.

It is evident that when W
passes from one end of the plane
to the other it rises through a
distance A, the height of the
plane, and hence the work done
is Wh, while P passes through
a distance I, the length of the
plane, and so does work PI. Hence PI = Wh, or P = W^
Measure the distances h and I with a metre rod

^

"

Kitf 87.—Show that PI

/».. p,.
-i(p,+p,l h. I. PL Wh. PI/

/Wh.

Exercise 17.-A study of the pendulum,

vement way,) metronome. * '
^""^ '" •"J' ®'^«'' ^o*^'

Fndulum is the distance from the lower face of the block to
the centre of the bob. The motion of the
pendulum from its extreme position on either
side back to that position again (i.e., a " double-

., .„ f.'^'"^
'"> '^ «'^"«d an oscillation, and the

«»P«d. pendulum, time taken to make an oscillation is called its

ih. A' * e

^^'^'^' '^^ ^rtiplitude of the oscillation is
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First, teHt whether a difference in the amplitude of theoj«l ation produces a cha„^ i„ the period. Use a j^ndulum160 cm. long, or even longer, and have as heavy ThTZpoBfflble. Count the number of n«.,Ila*f!
®*'^^^'* ?"*» "

minute and deduce the TZl °%;^»"'**'«"« ^^ in one

ar««»«..
period. To determme the time with

cm., and tabulate the results as follows:--
'

TriiU.

1

2

3

No. of
OmUIaUmu. Timfl. Period. I

Affiplitudt.

AtSUrt. At End.

What is the effect of a1^ amplitude?
Second, find the relation between the Ipnc^l. ^f *k

the shorter one, fl„d the number of cs^llatio™ i„Tmi™teor 2 oumte,. Arrange the results in « table as below

"

TrUI.

1

2

Length of
PeiiduJuni L

Period
T.

~-
1

Now plo. two curves. I„ one have length of pendulum asordinate and penod as .l«cis3^ fo tU other uL Wh Tspendulum as orfmate and squa.^ of period as absciss.!^

State the laws of the pendulum.



MOTION WITH UNIFORM ACCELERATION
21

It can be shown that \i g ^ acceleration due to gravity.
I - length of pendulum and r - ite period, then ry - 4t« ^
From the last column in the table above deduce the values oil

If a metronome is not at hand the time can be obtainedfrom a watch Let one student observe the Hccond hand of thewatch and call t.me while the other observes the pendulum

'kz:^

Fw. ».-A|>|»f.tu« f^rtudrlDg uniformly tooelmted motion

1 J inche. in diameter ie r^uiST " ''"" "P""""' ' «»

First lay the board on the floor or on a table, and let the

tLZ °^'"'"«, ««»» 'he g„K,ve. Count the tim; for a lalnumber of oscillafons. and deduee the period of a single one
Now scatter lycopodium powder on the groove. This canbe done through 4 or 6 thicknesses of muslin Then raise TZ

s.de of the groove and next the metal strip, let it go. It oecil-Ue,-^acn«s the groove and at the same time ruM dowHhe

v^;r'
"" "^'^ ''"" ""»» ' *<> ^^ "own Th no

Blow ofl- the powder, and there will be left a curve like thatm the figu«. With a metre rod me.su™ the distLaia AB.
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AC AD riong the n,iddle of the g«ov,. C»1I th-

in ««„
*''°~' '" '• "^^ »^' '.••• • Find

Each of the«o Hhould be equal to i«. where a . acceleration
Try the experimont with at least 2 inclinations.

sqmZoVthTr'''"^
«pace travelled as ordinates and thesquares of the times required to travel the correspondinirspaces as abscissas.

^"»r««ponaing

fig. 30. The apparatus uoed in
Exercise 16 may be employed

''•Su!2;:i^'~"^«-» '" «•"«•"» y^
^r thw purpose.

JS&'i:2;S.'a*'P'"«- ^ ^- ^"b it to and fro

hnAr^ in, 1
Vigorously on the supportingboard. Then place a weight »K on it Place a small weigh!in the scale-pan and add others in succession until uriform

Cuefficieiit of friction
fV+w'

Arrange the results in a table, having as headings of the
columns W + w, F and —-^W + w'



Part III-Mkchawicn or Fluim

m^^a^^ «»^ to • liquid at lirt Mid« gnritw tk.

Book, if lOO-iw.)
"""•««««» ^ «• MMttnt of th« li«vid. (Tkt.

AppAiiATOi.—The preMure ffaoge ooniiits
of • tiimU gl«M funnel (or thi,tU-tuU) A (Fig.
31), over which » tied thin .heet rubbef.
•uoh M dentMtB use. A nibber tube H
connect, the funnel to a U-«h*pod glaM
tube C, of iniall bore, in which iTinercury
or water which acta as a manometer (or
preunre meaaurer). An increaee of preuure

S?l. will
'••* ^^^L '^'^ '' •"*'*^- -nathu will cause a difference in the levels of

the liquid in the manometer, the amount of
which can be measured. Tlie funnel is heldoy a wire which passes into the lower end
of a meter rod -(or into a block which is
fastened to the rod)-in such a way that
the funnel can turn about a horizonUl axism the plane of the rubber. In this way ithe rubber sheet may be made to face any r». »i.-Appmto. lo, .;n»rt-

iri!^ ^ised^o-r Siei^d"*'^
'" * ^^""P '"^ T^^^^^^ "^

saltte™^' I"'^'* '?i°
*^' "**"^ <^'"'^'' «^««'<^ ^ •* the

sTfL TT T "f
'\' "^^^ ""^" 2 or 3 cm. below thesurface. Note he depth and observe the level of the liquidn the manometer. By means of a string attached to thef^nel turn ,fc so that it faces in ditferent directions, and

SnT Inr .'? ^^^^^ ^ ^'°'^ *"^ «*>««-« the indexreading. Contmue this until the bottom of the vessel is reached.

the o^lX;/''
"^"^^ ^'^^ * ^"^'^^'^ ^--^ -^ -I-'^t

ordinal!**'
^^"

'T^? ^" '^^ *^- ^™^ * <'"rve in whichordmates represent depths of the rubber sheet and abscissasrepresent readings of the index.
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h

What general laws do you infer regarding
the pressure exerted by a liquid ?

The pressure can be measured direcUy
by means of a manometer a d Mith one of
ite branches longer than the other, without
the thistle tube and connections, as shown
in Fig. 32. In this case the water enters
the short branch and presses directly on
the surface of the mercury at a. The
difference in levels a and c of the mercury
for different depths is indicated by the scale
on the graduated ruler h.

^^^ 21.-Pind the loss of weight of »solid when inmersed in a liquid. (lUusSon ofArchunedes' Principle.) (Tkxt-Book!i?iS Ss )

Apparatus :~For this experiment use the

Fio. 8S.—Manometer lor
Inverticatlng thereU-
tlon between preaaure
jMid depth in liquid*.
The internal diameter
of the tube should be
»t least i inch.

balance, an overflow vessel
H (Fig. 33), and a vessel
K (a beaker or a metal can).

First weigh the vessel
K. Then remove tht < left

pan of the balance and
substitute for it the coun-
terpoise C, which hfis as
nearly as possible the same
weight. If necessary ad-
just the balance to equili-

brium by means of the
nut n.

By means of a fine

thread suspend from C a. -.-.

piece of iron (or other heavy object) M, and carefuUy weigh it.

'«;i.'Ss#«%,f„''AKrar{!'



DENsrry op a heavy body
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Now gently lift M aside, and underneath C place the vessel ffPour water ,n until it overflows, and allow the water to drip
off. Then place the vessel K under the spout, and lower Mmto ^ allowing it to hang frep! v 'm the water and catching
in K the water which has ove? lowed.

Under these conditions w.5.(. M agMn. The difference
between this weight and the previous one will be the apparent
loss m weight through immersion in the water, i.e., the
buoyant effect of the water.

Now weigh the vessel K, containing the overflowed waterand deducting the weight of the empty vessel
we obtain the weight of the water which over-
flowed, which is the water displaced by the
object M. Compare this weight with the
apparent loss in weight by immersion in the
water.

Instead of the overflow vessel a graduated
tube (Fig. 34) may be used to determine the
weight of the displaced water. The volume of e ibi

the water displaced is read from the graduations
^==^

and the mass determined by multiplying this '""i^oT^^j"^
volume by the density of water.

JiquWdUpUc^iby

ExeroiBe 22.-By means of the balance find the density of a hit*.
bod7(apieceofiron.or»lumininmor«la«s). (T^?Zk gfoJ.) ^
Apparatus :—Balance used in Exercise 21.

Suspend the body from an arm of the balance and wei^h it
in air. Then weigh it when immersed in water. Find the
loss m weight. This is equal to the weight of a volume ofwater equal to the volume of the body.

Then density (in grams per c.c.) =
weight in air {in grams)

loss of weight in water {in grams)'

t
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^^^careful to remove ^-babble. What effeet wiU they

on" ll:i^r" °' *" ""'" '^ ">»' wm be the effect

»Wo<*ofwoodorofp«r«naw«i. (Imt-boo,, |m ,

^^^^"
Ji-t Method. Weigh the wood by the balance. Then byme^s of a p,n pre» the wo<xl down into the water in an

Cateh the water and weigh it. This i, the weight of the

of tlie wood in air gives the density

S«Wm.«W. Instead of using the balance place a gr«l.^ 1 ^' 'P°"' °' *'«' "™'*°'' ^^'- Carefully h.fu,ewood on the water in the vessel and observe the overflow intothe gmdnate. Ut it be ^ c.c. ; its weight is ^ grams. Now
p^ the wood down until enti«ly submeiged, catching thewater as before. Let it be y cc. which weighs y grams.
Then the density (in fframa per cc.) = x i- y.

^TUrd Method. Attach a smker io make'the wood sink in

1st. Weigh the body in air. Let this be m gmms.
2nd. Attach a sinker and weigh both, wUh the Hnker onlym water. Let this be m, grams.
an. Weigh both, with both in water. Let this be m

grams. '

Now the only difference between the second and third
operations .s that in the former case the body is weighidm «r^,n the latter in water. The sinker is in thl^m both cases.



THE DENSITY OF A LIQUID g?

Hence w, - Wj = buoyancy of the water on the body,

and tlie density (in grams per c.c.) = ^
.

nii— m^
A large screw or a piece of lead may be used as a sinker.

If a block of wood is used it should be soaked in hot
paraffin. (Why ?)

gravity bottle. (Text-Book, § 112.)
tr'^^^

Apparatus: -Alcohol and gasoline are suitable liquids. Themost convenient bottle for the purpose is illustrated in Fig. 35.

First weigh the bottle empty and dry. Let the weight be
w;i grams. Then fill with water. There is a small
hole in the stopper through which any excess
of water escapes. Carefully wipe off the
water and weigh again. Let the weight be
ti^2 grams. Empty the water, removing it all,
fill with the liquid and weigh again. Let
the weight be w.^ grams.

Then it is evident that the density of the liquid (in grams

in ^S^^J
25.-Riid the density of a Uquid by weighing a solid firstin water then in the liquid. (Tkxt-Book, §113.) ^^ "uum*

Suitable liquids are alcohol, coal oil, gasoline.

First weigh the solid (a piece of glass or iron) in air, then in
water and then in the liquid. Let the weights (m graTm) be
^<^i. w^2> '^\y respectively.

Then to, -«,, = weight of a volume of water equal to that of the solidana w, -w^ = weight of a volume of the liquid equal to that of the solid.

Hence the density (in gratns per c.c.) = ^UZ-^^.

rio.86.—Agpeclflo
gravity bottle.
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Fio. S6.-U-tube to
oompftre dendtiea
of liquid!.

Apparatus ;—Um a U-t"be, mounted u shown
in rig. 36.

If the glass tubing is not more than J
or f inch in diameter it may be bent in an
ordinary flat gas-flame, and in place of a
bent glass tube two straight pieces can be
connected by a piece of rubber tubing securely
bound on.

Pour water (through a funnel) into one
limb of the tube until both limbs are about
one-third full. Then slowly pour in oil

until the surface of separation B, between the oil and
the water, is well above the bend of the tube.

Let ^ be the free surface of the oil and D that of the water
It 18 evident that the height AB of oil balances the height CD
of water, and so

AB X density of oil = CD x density of water,

or density of oil =^ x density of water.

If the glass tubing is small some allowance should be made
for capillarity. Hold pieces of the tubing in water and in
oil and oWrve how far the liquids rise by capillary action.
Estimate this in millimetres.

Turpentine or mercury may be used in place of the oil but
the latter is not so satisfactory. (Why ?)

What would be the eflect of having one limb of the tube
larger than the other ?



COMPARISON BY BALANCING COLUMNS 29

Apparatus .-Suitable liquids to compare are
water and a solution of copper sulphate or of com-mon salt. The apparatus is illustrated in Fis. 37
The upnght glass tubes are joined by rubber tubing
to a 3-way glass tube, and the rubber tube E can
be closed by a pinch-cock F.

Fill one tumbler with water and the other
with the copper sulphate (or other) solution
and record the height to which each liquid
rises by capillary action, the pinch-cock beincr
open.

Apply the lips to the tube B and draw out
some of the air, thus allowing the pressure of the
air outside to force the liquids into the tubes.
When the taller one reaches nearly to the top
of the glass tube pinch the rubber tube and
close the pinch-cock. Watch the columns to
make sure that there is no falling in the
surfaces through the connections not being tight. (Moisten
the connections occasionally with a little glycerine to keep
them air-tight). When sure that the columns are steady
measure the heighte AB, CD of the surfaces of the liquid
columns above the liquid in the tumblers, and deduct Lm
these^ the heights to which the liquids rose by capillary

As in Exercise 26, the densities are inversely as their
Heights.

Exercise 28.-Prove that a gas has weight. (Tkt-Book. § i is )

Take a vessel (Fig. 38) which can be attached to an air-pump, weigh it. exhaust the air from it, close the stop-cock
and weigh it again.

Fio. 87.—Coniparison
of denaitlM by btl-
•adag oolunuu.
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Fi«. 88-OIobe for
weighing air.

What difference in weight is obBerved ? What causes this* difference? Allow the air to re-enter and
observe the result. Has air weight ?

h^^l^ 29 -Measure the pressnre exertedoy the atmosphere. {T«xt-Bo.k. §§ 117.120

)

Sol^m T^""' \~^r * ^^^y 8J*^« tube about
80 cm. long, closed at one end. The internaldiameter of the tube should be at le^t ^ i^ch
Pour mercury into the tube until it is

completely filled. Hold the finger over
the open end and invert the tube%lacing

in « ^;«K c .
''P®" """^ "°^^'' *^e surface of mercuryma dish. Support the tube in a

^
vertical position and measure the
height ot the mercury in the
tube above that in the dish.
(Fig. 39.) Let it be h cm.

Now the pressure exerted by
a liquid depends only on its
depth. Suppose the section of
the tube to be 1 sq. cm. Then
there would be h c.c. of mercury
in the tube, and the weight of
this is the pressure on 1 sq. cm.,
and as this is just balanced by
the pressure of the atmosphere
this is the atmospheric pressure
required.

1 C.C of mercury weighs 13.6
grams and hence the atmos-
pheric pre.ssure = 13.6 x h grams per sq. cm.
In performing the experiment

of the air bubbles as fully as 1

in the process of filling i

FiQ. 89.-MeMurin()r the premre ot the
atmoephere.

tube several times, and, holding
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the anger over the open end of the tube, .lowly invert the

ZtZl^ » T '° """ ""^ ""' »f the bubble, a,^

bo^mg the meromy in the tube, to do which requires
special apparatuft

4»"^a

Having the pressure in grams per sq. cm. compute it iupounds per sq. ia (See table, pag« 126.)

^^fcejdje ».-fltiidy the action of the common iwunp. (Text.

Obtain a glass model of a commo:. pump, and beginning^th the pump empty, work the piston up and down oteerving
the behaviour of the valves. Now lower the pump into ad
of water and observe (a) the action of the valves on (1) the

within the suction-pipe and the barrel.

in !S!l"f Jk"T^ ""^ ***" °P"^"^ *"^ ^^°«^°g °^ *»»« valves

L^ f .V^'^'
^^^ *"d *!«> the upward movement ofthe water in the pump.

8 l5r^ ^'~^*^ ^ ~^*»» o' «»• force-pump. (T«.t.Book.

a„r?v!!r
* ^^T f°^^^ °^ * force-pump. lower it into water

sTi^ke^aWK^"*^
'^!

"f'^"°f
"^ '^^ "*^^^-^ ^» (1) the down-

stroke. (2) the up-stroke. (6) the action of the water in the
'

suction-pipe, barrel and air chamber.

1. Explain the opening of the valves in each of the above
cases and also the movement within the pump.

2^
K the end of the outlet pipe is smaller than the pipea continuous stream will tend to flow from it. Explain the

action of the air chamber in producing this effect.

Bxordse 32.-gtudy tho action of the siphon. (Tkt-Book. s 145.)

ston"!!!?^ ^""^^ ^' ^^"" '^°^° ^^ ^^S- 40 with water,
stop each end. invert it and place one branch in a vessel filled

i ii
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I

in

With water making sure the end of the other branch is below
' **»e surface of the water in the visel.

Unstop the ends of the tube.

1. What takes place ?

2. What is the cause ?

To answer the last question consider,

(a) What is the pressure at A tend-

ne. 40.-Th. iphon.
^"^ ^ "»«^'« ^^e water in the
direction AC^

(b) What is the pressure at B tending to move the waterm the direction of £D ?

(c) Which is the greater of these forces? Why?

d.«Y^*
U-tube as shown in Fig. 41. Pour water (coloured, ifdesired, with a little aniline dye) into one end

of the tube. It will take, of course, the same
height m each arm. Take this height above
the baae. What is the pressure on each
surface now ?

i^ ttach one end A of the tube, by means of
a rubber tube to a gas-tap. and turn on the
gas. The column of water in A will be
depressed, that in B raised. Read the height
of ea«h column, and deduce the difference in
the levels.

It is evident that the pressure of the gas at JP is equal tothepressure of the ata«phere + that du! io a eoluJ2^ o1
m

Calculate this pressure in grams per square cm.
Would this height be changed if the diameter of the tubewere increased ?

"®

Fio. 41.-MeMuring
tne pnwure of the
iTM.
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Fio. 42.—MsMurinc tiM
prewure of the Jt in a
bottle.

• i!.*?.
^- f^ '??P'^ '" "^^ available, measure the pressurem a bottle into which air is foiled by . bicycle pump a^tt^"^to the rubber tube A (Figure 42) which is

^

attached to a glass tube passing through
the stopper.

*

Find the difference in lev«l produced by
one full stroke of the pump, *hen by two
three, four, etc., strokes, a pinch-cock 6
bemgused to prevent the air from escaping

Instead of glass tube and pinch-cock a
bicycle tire valve may be
passed through the cork.

If alcohol or mercury had been used
instead of water what would be the differencem the levels ?

Wise H.-Tind the way in which the volumeof a given mass of g»g changes when it. preawe
tachjuiged. the temperature bdng kept cWSSJ(Boyle's Law). (Text-Book, § laj!)

»-"«*«»»

Apparatus:- The apparatus shown in Fig. 43.

Two glass tubes, A and B, are supported in
such a way that either may be raised or
lowered. The upper end of A is closed, that
of B IS open, and their lower ends are joined
by a heavy rubber tube. The rubber tube
and part of ^ and B are filled with mercurv
When the mercury is at the same level in
both glass tubes A should be about half-full
of dry air. The tube A is of uniform bore

r^.. 4s.-B^.,.. uw
^""^

*!;^ "^^^""^^ °^ *h« ^^ »»ay be taken

t^^S%.it^^
proportional to the length of the tube
occupied by it, this being obtained fromthe scale agamst which it is placed.
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When the mercury « at the same level in both tubes the

Then take the levels of the mercury in the two tubes. Thepressure exerted by the imprisoned air is now 1 atmosphere- the different^ m levels of the mercury. Raise B a fewcm. and teke the readings again. Continue this until B
LT f !\r '^ "^^ «^°- ^'^^" *^« ^«^«1 «f ^ « above

nhllf. ^\" P"*^"^^. «» "'« imprisoned air is 1 atmos-
pliere + the difference in level.

The tube A should not be handled for fear of rais-ing the temperature of the inclosed air. For the samereaso^^ the air should not I. compassed or tpaS
Tabulate your results as follows :—

I«Tel of Mercury in Difference
between

the
Leveta.

Height

Barometer.

Total
Prewurein
cm. of Mer-
cury = A

Ungth of
Air in

Tabe= F.
OlotedTube. Open Tube.

Product
PxV.
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the end away from the mercury i„ the lamp flame. The air.hut m the tube i, the quantity wl,«« volume / t . Ime«ured. Measure the length of the air column (1) when ttotube « honzontul. (2) when vertical with the open end up «)

the ba«>meter and I i, the length of the mercury column in

n t\ WTZ '" "'° ""' «"" '^P- '" "•« «"'»'» ^
follows

'" '^° ^'*"'- ^""'^ '"">' * '"'"''"'«d "
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Part IV—Sotnco

iK^SJ?"*"*'*^''*^"^''"™^ (T.„.B«.., „ ,„,

All bodies when producing >oand are in . state of vibration

it^ * l„ T' '^"'r^ °™* ">» f-^ ""i ««« "nd let

enfof ^ Jr- "°^ " *'""'«^' *»'' y- «"> «« that theend of the needle « vibrating. Touch the tip of your fln^r

«me tre^
""'

f" ''•"^' ""•« *"" vibmtion and atX«me time the «,und ceases. Shorten the projecting portionand examm, the motion again. What difflrenco ZyZobserve in the nature of the vibration and of thelte" D^
r^'T'f/"^ ~'""*"'"' •'"'-o™ "-e loudnrjf t^sound and the amplitude of the vibrations! Do y™ det«clany relation between the length of the vibrating strip ^frequency of the vibrations and the pitch of the note?'

w3T„H ^!!,'°r"''
'•y.""''»« it *"•> a pencil or a bit ofw^. ind while It IS sounding hold a pith ball (or other lighobj^

;
on the end of a thread so that it rests lightly Z^tlthe nm of the bell. What result do you obser™ ? S™

Sound a tuning-fork by rubbing a violin bow over one oftte p»ngs or by striking it with a soft rubber stopl oTtl«

?^ih th
°^

fT'"" '* ""•• ">« «uspended% ba ,Touch the prongs to the surface of water. Hold the ste^of

Sprinkle sand lightly but evenly over a square or a circularbrass pUte clamped at the ^ntre. Dia^'a bow ^eZ!:;



DMRMmAnON or the VEU«nv O, goCKD 8,
MPom Hio edge of the nlats P>.^! i.. .

uniformly u„m you L „t... T ^'""« "**l"y •"J

"ou.. point on tte e^rof tl onl'u ? ^' '*"«•' '«»'"'

touch eho plate i„ twfpCnItr stlrT" Z"™m your note-book and Lcribo tl,.T . , i
"" "K"""

Why doe. the »„d UkeI"^ litt^^^l
'""'^

J^* •«"•

What name ia given to tho^ ZJT^i « ""^'" "»««

'

full «=eount ot^hatyolZrZ ^°" ''*-'^'' «''" *

««u.y eh^n^h atrir„n?LrofT;ir!:^^^^
may be about 1 inch in H.o^ * » giass tube. The tube

.houldbeelo^Klatth oLenT [„rl ? t'T "'"«• "»<'

it, put a„,„e powder made by rlbi'^^ utS*"' Y""'
'"'"''«

on endpaper. Now hold tCu^^^l^J'f .? ' "'"'
«nd blow the whirtle. De«riL tl^Z .''°"™'"' P«ition

What do you conclnd„ ^^, .'"'"""our of the powder.

whistle i/ZnT4 h"w
"" "" """ 1 "'" "' *^«» *>">

not come f«m ^bra«rs7T LT
""" "* '"""'' <'»«'

whistle or the tuieT ' ™'*'"'~ """P^i-g the .

gufroXr-r::;^;'-,- ^"'«'- o- ponded with .
On a quiet day let the two observe™ t^l,. .^•.•

nile apart, each in full view of tre
"
ht m "' "^"^ "

one with the gun waves a flae-lr if at „,- kT ^
"^^ "">

oall the others attention m tl,.„ 1- ^ ^^ '' " '»°'*™-to
ately on seeing the i^rthe^L "v^". tTh Ir ^?\

''""^
and on hearing the report he sto^ t f^il

"
Ti'^^'^J''

z:^£trt r^rs^rt"-
" -- -

%bt to travel this dist^c:rnej:^U"i: -^^^
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l"^

fi^ort. If a stop-watch is not available an ordinary one may
be used but it is not nearly so satisfuc tory Calculate the
velocity per second. For convenience the one with the watch
should have a flag or a lantern too.

Make as many observations as possible and take the average
If in the country the distance may be found from concession or
side-hnes; if in a town a map of the place may be consulted.

If a breeze is blowing, the observers should interchange
positions and thus obtain the velocity in each direction. Take
the mean of these as the velocity in still air.

Take the temperature of the air at the time, and assuming
that the velocity decreases 60 cm. or 2 ft. for a fall of l^C,
calculate the velocity at the freezing point.

Ex«»ci8e 37.-Detennine the velocity of sonnd in air by means ofa penanlam. {Alternative method to Ejcercise 36.)

Apparatus :—The apparatus is shown in Fig. 44. The upright
A 18 about 1 m., and B and C are about 30 cm.
high. B and C are attached to the front of the
base with a slit 5 cm. wide between them. A
IS attached to the back of tlie base, and in
front of It is a pendulum which swings back
and forth. The pendulum bob is large and
painted bright white, while the rest of the
apparatus is painted black, so that the bob can
be easily seen as it passes the slit between B
and C.

One boy hides behind the apparatus, and
as the pendulum reaches one extreme of the
swing he strikes with a hammer against a
piece of metal. A second boy moves back
until he hears the sound at the instant he
sees the pendulum pass the slit. In this
case the sound has travelled to the boy

*^%ei^liy oK^ '" ^'"'® ^^^ pendulum made one-fourth of a
complete vibration. This second boy should

have field-glasses or a spy-glass, if possible.
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.pendulum erbeobt^o'^ZlirrS:*.;'''"'""" °' '"»

measure of the acceleration of gravity!
^ " ^' *^^

2.,;^;^
*-^* «^« ware-length of a sound. (T«.Book. „

roetr^^Z'n~laZlt"k^7 ^^PP*''**- ^or this experi-

poMible) In the lower end is a ™W«r
anj from this a rubber tJEnmstoTfunn^i yTB.C. Water » poured into the funnel and

U

Hold a vibrating tuning-fork over the
open end A; then raise or lower the
water m AB until a level D is found at
which the sound of the fork is re-enforced
most strongly. Mark the position of D
by a bit of wet paper.

Meagre the length of the air column «. «.-lw^^A^- Ihis IS approximately one-fourth
""''•''••'•n«thof«;jSir*

of the sound = length ^i) + f of diameter of the tX ^
If the tube is long enough lower the water !„ it .-.

another re«>nating lengthJ i, obtained. 2t^ZlZt
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wet paper. The distance DE is one-half of the wave-length
of the sound.

Determine the wave-length several times
both by measuring AD, and DE, and compare

'

the values thus obtained.

Having thus obtained the wave-length,
and knowing. the number of vibrations per
second given by the fork, we can find the
velocity of the sound from the formula
V = nl.

If the above apparatus is not obtainable
one may raise or lower a tube immersed in
a vessel containing water, thus varying the
length of the air colunm (Fig 46); or by
moving in the tube a well-fitting piston the
same result may be obtained.

Exercise 39.-Find the Telocity of gonnd in glMW or in metftL
(By Knndt's Method.) (Tixt-Book, §§ 198, 199.)

A ^ B

1:

lirirt

Fie. 46.— Reaonanoa
W>tMntiu for relo-
anyotMund.

Fw. 47.—ApfHurstoa tor flnding the velocity of Mond in a eoUd.

Appabatus :—The apparatus consists of a glass tube 1 m. or more
in length and 3 or 4 cm. in diameter held on a base. It is closed at
one end by a tightly-fitting piston A, and in the other end is a loose
piston B, made from a thin cork cemented to the end of a long glass
(or metal) rod or tube 1 cm. or so in diameter. The rod is securely
clamped at its middle C. Soft cotton cord may be wrapped about the
circumference of the cork piston in order to tit the tube snugly and
still move with no appreciable friction against the wall of the tube.

Distribute evenly in the large tube a little cork-dust made
by rubbing a baked cork against a file or sandpaper. Then
excite longitudinal vibrations in the glass rod by gently
stroking it from the centre towards the free end with a damp
cotton cloth. A little practice will enable one to produce a
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°'^^,''*hr'*- .^ ™'y '=*"'•'' "<" t" break the rod. Themiddle of the rod remains at re«t. the ends moving in and outand the motion of the piston B set, up condefsaZs and
rarefactions ,„ the air which travel onwaHs to the piston A™d, upon reHecfon there, meet others coming onwards a^d'thus produce standing waves.

'"aras, ana

Ki^ri"" ^f"" °' ""' P'""" ^ »"«' "hen the rod israbbed the cork-dl^t is violently agitated and settles intoparallel ridges with uniform spaces between. Unle«, 0^«ij«stment is exact the end ridges will not be perfect. Thedust gather where the agitation is least, and the loops a«half-way between. The distance between successive nXhues IS onc-half the length of the sound-wave in air. ieL„„
wjth a metre tod the distance between two well sep^^
nodes, and divide by the number of g^ups of ridgeT'^^^
thM distance will be the wave length of the sound in air. IZ
M the rod is clamped at the middle the length of the rod isone-halt of the wave-length of the sound ifthe glass and

ofTe^T;?f/" 'l^^'-^
" """«" *" »-" «'^-^hof the rod. I^ ,t be ;.. Now the frequency of the sound isthe same m both the air and the glass. J,d by using theformula » = ni we have the relation,

^
Velocity in glass ^ wave-length in glass I
Velocity in air wave-length inlur""

°
if

'

With a thermometer take the temperature of the air in theneighbourhood of the glass tube. Let it be TO. Then hevelocity in air = 332 -f OSt m. per second, and the
Velocity in glass = ^L" x (332 -I- 0.6() m. per second.

A glass rod is easiest to vibrate but it breaks easily. Insteadof It a rod of brass or of wo<rf may be used. TheseLi te^rtin vibration by stroking with leather covered with p^wdeJ^
rosin. A mit faced with chamois answers very well
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Bxerdae 4a-Find the TiteAtion-freqneney ofa timiaf-fork.

Apparatus :--The apparatus (Fig. 48) consists of a large tuning-
fork with a light aluminium or brass style, or a bristle, attached to

one prong; a pendulum
which beats approxi-
matelyquarter-seconds
with a style extending
below the bob (which
should be heavy) ; and
a piece of smoked (or

whitened) glass, about
10 x 30 cm., on a
carriage which can be
drawn along under the

« „ « ^ two styles. The glass
K.O. «.-€omp«tog th.^,^«^jr 01 . p«d«iu» «Ki . may be smoked by

a .^u ^i- L

.

holding it over a lamp-
flame, with the chimney removed, or even over a candle ; it is much
cleaner, however, to coat it with a mixture of whiting in alcohol or
of " Bon Ami " soap.

Adjust the height of the pendulum so that the style barely
touches the coated surface of the glass. Then carefully adjust
the tuning-fork so that its style bears lightly on the glaas, and
when vibrated makes a stroke on the glass parallel to the
pendulum's motion across the glass. Both motions should also
be at right angles to the direction of motion of the glass when
pulled along on its carriage. For best results, the two styles
when at rest should be in a vertical plane, with their points
as near together as practicable.

Set the tuning-fork in vibration by bowing it. When it is

going properly draw the pendulum aside and let it swing, and
then quickly draw the glass

along beneath the styles. The ..Adv/v/s^v^v^^?/N/N/^^v^
writing on the erlass will be HWp -^

r" .. n t; 7 ^
.

'»• "^-"^ »~* «' *• tuning-fork and
rig. 49. Between A and B, B th« prnduium.

and C are single swings of the pendulum. Count the number
of vibrations of the fork between the first and the last swing
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Of the pendulum recorded on the .,1^«» at .

Ex«d« 41.-A tudr OfirtM, ,T„r.B<»., « s^.^,, „,
,AP.----Tooths., wHeeH perfo™M di.., «„..,.«,' ,«„^

note the differcce in the sound,. Coun thenumber of teeth on the wheek

«^owIy, then more rapidly, at the same timeforcing a,r steadily through the tube. ^
Describe the changes which take place in

i^- "-T.oib.d
the sound prochieed in «««!, r ii. ,

'i^h on . reut

experiments a, the ve lt7„f ?^
"" ''"'<' '""""-

increased What isIh^ . !
"""'"« *'"»' «• <>• - »

the;.«ofr!::"rj:;Tr' ''- ^""-^'^ °° -"-'^
Next use a sonometer (see Fig. 52). St^teh a piano wire^—=—

t T:::L irr^t:^ 'hen pluck. V- i. .. .
"O""' ""« wi«n piuCK

wi„ r "'.'"''• '''"" "'•orten the

-^^^^^ under ifa;rpS.;irt the'^.i:

string vibrating «, a whlf "
'""" """' "«" «*«» t-y 'he

--ng the%:i"hr:;- .^^^ nra;-'^-^.^
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What change has increasing the tension of the wire made in
the pitch of the note ?

Take two piano wires of different diameters and stretch
them in turn on t!ie sonometer with the same weight ? Which
wire gives, when excited, the higher note ?

Procure two wires of the same diameter, but of different
densities (such as steel and brass or copper), and stretch them
in turn on the sonometer with the same weight. Which
gives the higher note? Which is the dens^^r (see table on
page 126)?

State in general terms how the pitch of tho note given by
a vibrating string depends upon its lengtli, its tension, its
diameter and its density. These relations are considered more
minutely in Exercise 42.

Exercise 42.-IiiT«rtigate the Uws of Tlbnttiaf ttriiicB. (Tkxt-
BooK, |§ 212, 2ia)

^^*^
*

Apparatus :--U8e a sonometer having at least two strings. One
of these 18 fixed at. one end while at the other end it is wound about
a post which may be turned with a key, thus altering the tension as
desired. The other string is fastened at one end, while at the other
It ptuses over a pulley and has a hook on the end of it to which
weights may be added. Let the first string be of steel wire No. 22 •

we shaU call this string A. In addition have a second steel striuir
oi the same gauge, which will be called string 5 ; and a steel string
Wo. 28 gauge (t.ft, with a diameter one-half that of the other)
Call this latter string C.

Ut. Investigate the relation between length and pitch.
Stretch string B with sufficient weight (6 or 8 kg.) for it to
give, when plucked by the finger or excited by a violin bow, a
good musical note. Then alter tlie tension of string A until
the two strings are in unison. Do this by listening for the
beats produced when the two strings are sounded together.
When unison is obtained there will be no beats.

Now place a bridge under string B a few cm. from one end
and pluck the longer portion of the string, pressing the short
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portion down on the bridiTP Whaf n«i«* ., .

the bridge uati. . le„X»^M wh^h
""*'" "°'-

octave above the origiiS atri^tT !i
*""* * "°^ «"onginai stnnjf. Measure the length required

atTaittirhrt^-r ^- " """ -"^ "• •» <^^^
What relation do yl'Zrv^ :;'7 ."'rK"""'.

•"' '^'"^•

vibrations?
°"*°"'° »" t" '""Sth and number of

. f"Vf ? ,"•* ">»»«*«• lengths which a,« respectivelv

^uenoies ofWhich a^^J^^TT ttTr'f;'^'What law do you ob«,rve between pitch Jd kn^h"
" ^' ^

ofsli.ttS^^^'tC^/rbl™^- ^PP'^' a tension

ph«e the brids^so „ to ..r f ,^ 'f
""^" '^"' it- Then

i'.to bring it .r^urnTitron'tr/i "T" "tf
-" 'o

oW.efgts^^l^l^^j^.t'r: P«t a weight
iB in unison with B Lain aTC 1 ™" °' ^ "»«' '»

diajneter. length and nS.,.t s cl^XTri"' !!** T"under a tension of « kir K„L Jij'f^
''""« "* « »'»

fiand «id the «.L wl^h^gtr^"'* ''"°« ^ *« '^^ng
under the same ten^oT^P I'^c- ^^ T^?' ^ "«» ^"^riucR c, Its pitch IS muchh^her
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than that of A. Adjust the bridge under A until you obtain
a length which gives a note in unison with that given by C.
Measure this length. What is the difference in pitch between
strings O and A whep at full length ? Measure with a wire
gauge the diameter of the wire.

What relation do you observe between pitch and diameter ?

State the three laws you have obtained.

Bxercifle 43. -Inrestlgate the nodes and loops of * vibratiiv striM.
(Tkxt-Book, §§ 18», 214.)

•."••wu*.

Apparatus :—A sonometer and some small paper riders. (Fig. 63.^

Damp the string at the centre by touching it lightly with a
feather or with the tip of the finger. Place a rider, mode by

folding a piece of paper,

as shown in the figure,

at the middle of one of

the halves, and bow the

string at the middle of

the other half. How
does the rider behave ?

How is the string vi-

brating ?

Repeat the above experiment, damping the string at one-
third its length from cne end, placing riders on the string at
i, i and i its length from the other end. How do the riders
behave ? Where are the points of least motion in the string ?

Where the points of greatest motion ? How is the string
vibrating ?

Repeat the last experiment, damping the string at a point
I and then | of its length from one end. How does the string
vibrate in each case ? How does the note which the string
yields differ from that when it vibrates as a whole?

What are the points of least motion called ? What thoee
of greatest motion /

Pio. 8S.—Ohti»i.iiinf node* Mid l<H.iia in a ibratlns
ttrtiiif. The paper riae« tUy on at tht nodM. butan thrown off at the loops.



I

A STUDY OF FLAME-PICTUBES GIVEN BY SOUNDS 47

aboufcTl. ^iHi^ete^hoflowLTu;Md having a membnuie (of very thin

th^of' ^"{^ *^.» J^'°^ ** '^Wch place

S^J^k" ^*^^. <^° "P^-J^ing before

iSS ^kST^ it .vibrates bSc and forS!and theM vibrations cause the flame to

shown in Fi„ kk\ ""P^® '°™ of miiror is

*«^ w^fi^J^' J^
• '*. "^"^^ «' » block of wood

fie. M.-A aimplA form of nuno.
nMtric Mptule.

na.6&—Airim.
pto rotattoff
minor.

and light It as it escapes through D, and adjust
the flow until the flame is about IJ cm. high.
Rotate the mirror before the flame and obsen-e
the image. If the flame is at rest the image willbe a «mple band of light across the mirror. Now sn^

^^« bo bT.t"
'^' " "« '"" '» -"ounted^on aresonance bo» hold the mouth of the box before the funnelIW try a fork of higher pitch. What diflerenoe i^^
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Wpicture J Sing, with conaidepable iuUndty. oo („ inpool), and a (m in father), firet low-pitched th„„ ILT vl ^-« octave higher if pcible-and S^^'^e the .ff:!'-""""^
In your note-book descrihA aII fKo ««.. •

tried and .ketch the SalT in t^'Z^""''"''
'"^ '-™

*'"""" ^-'n»' "ho"- in Kg. 46 and in Fig. 86

ia it met feeble . Holding the forkTnThlUuo: :^^

Whairf"^.K^"?
over one prong a sujr^^.C.7iZ'What effect on the loudness of the sound ?

al ^Dirit*"!^""^ ^'^
'^^'* '^^^ "^^ '^^^ '^^te it about its

T 0^ T '°^^' '^^ ~^""' ^^' *»^« «»»-«- in it^a^^two wide-mouthed bottles to resonance with the
fork. In order to do this, hold
the vibrating fork over the mouth
of the bottle, and then carefully
shp a microscope slide over it
until the bottle resounds loudly
Then fasten the slide in place
with soft wax Now arrange the
bottles as shown in the figure
Bring the fork slowly down to

^^l
position shown in the figure,

n* wL-inurfweno. with fwoo*to».
change in the sound occurred

«onr Hold a card over on" tout' Xt'li"
'"^ ^-

oond? Aceount for this.
^^«* '° *''<'



THE WAVELENGTH OF A SOUND
48

Bxerdit 46.-rind tha w&m.1m^v »

^'^'^^z^i::^!^^^^ f'r
'*"'" "'" OP"- '"be

of the tube C the otL^CZy TuSTnT. "^ ""^
T-t»be. by which they LwiJ"^k •'"*''* "«'''''

Thence the motion is ^nveyedbvtL^ •'""•- " '^

to the ear. B and C a« do„hl. .^ ° '""^ "h'"* ''•d

within the other
"' '"'*'' ""^ "^'PPing »"gly

«»n,ponenta on rli:,™ '^^i ^t o'^lV^I'
'"" '""

dentation in one will cSincidTwiU^ IJT** ^^'^- =»»
and each will annul the Zl'^Xf:^:'' Und* T''

vibtr,;^r"ii:s:Sdit:d^"ifnT --""''«
the fork befo™ A. and another^e ttt eT, o^ftt""*h^eara By .lipping one glaaslbe over^ot^V^^:
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IJ

difference in the lengths of B and C, and carefully acljudt it
until the iK>und in weakest Pinch one of the tubes to com-
pare the effects obtained by using one component and the two
combined. Since the sound is transmitted not only within
the tubing, but also by the material of the tubing, it will be
impossible to extinguish the sound completely.

Having found the adjustment which gives the weakest
sound, measure the lengths of the two paths, ABD, and ACD
Twice the difference between the two lengths is the wave-lenirth
of the sound.

If the frequency of the fork is known, calculate the velocity
of sound from the formula v^nl; if it is not known, deter-
mine the frequency from the same formula, taking the velocity
in metres as 332 + 0.6t, where t is the temperature in degrees
centigrade.
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Part V—Hiat
m^!!^.i'^'~V^ *^' *•«*»« «*^ boiliiif point ofmomnn.

(Text- JIuuk, 1 258.)
•«* i»v«i» wi

Apfamatm :-Convenient appwrntu. i. .hown in Pig.. 58. 6».
Tfu> freezing jMrint. Inaert the thennometer

into a funnel (Fig. 68). containing clean ice
broken into small pieces, packing the ice
well about it Allow it to remain for some
minutes, until the mercury will fall no further
and then carefully take the reading. In doing
•0 have the eye in such a position that a line
dniwn from it to the top of the mercury
column is at right angles to the thermometer
and estimate the reading to tenths of a degree' - ^Note carefully the reading on the thermometer.^I^t
What should the reading be ? 2"^ «Kfr.M»ig.

boiutt^T ^f""'' ^r''"^'"^ ^PP*"***" fo7t^ting theboding point IS shown m Fig. 59. Put rain or distilled water
to the depth of 3 or 4 cm. in the boiler and
screw the top on firmly. The height of the
water is shown in the gauge A. The U-tube
if 18 a mercury gauge, to measure the pressure
withm the boiler. Tlirust the thermometer
down through the perforated stopper until
the point marked 100» C. (or 212° F.) can just
be seen above the stopper. The bulb of the
thermometer, however, must not be in the
water, but in the steam above it

Keep the water boiling so that the stem_ of the thermometer is surrounded by steam
"^tiJL^'X^ ^*"^^ escapes at C. See that ther. 'h always

fW *K 4, I*
"*^ °^ "^^^"^ ^° ^^« "^"^^J *»d ^ careful

that the flame does not flare out beyond the botUm of the
boiler and bum the rubber connections of the gauges ^ and if
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Md record lU height m your note-book. Read the baromete.«d^mpute what the true boiling point ia How much inerror is the thermometer ?

«ln5^'''-^trTf^rr^*^^^*^^^'- Next.partly
close therubbertubeCbyapinqh-cock, Keep the flam; bummg wel and watch the thermometer and the mereury gauge MAdjust the pmch^k until the pressure in the boile^ f^sh^^'by the differencem level in M, is 4 or 5 cm. of mercuiy. K^
Wxis pressure steady for some time and then record ft. at thesame time readmg the temperature shown on the thermometerNow loosen the pinch^k and allow the air to have freeaccess to the boiler. After noting the reading of the th^mometer again, draw it up until only the bulb and a shortpart of the stem s within the boiler. Watch the effect on ttmercury as the stem cools. Record the reading. How mud'

* from your results, is the boiling
point raised by an increase in
the pressure of 1 cm.?

If a boiler such as that shown
in Fig. 59 is not available, the
thermometer may be hung in a
long-necked flask heated in a
aand-bath. Care should be taken
to have the bulb and stem both
surrounded by steam. In Fig. 60
is shown how this appatatuscan
be used to investigate the effect
of increased pressure on the boil-
ing point. The steam pasijes

a test-tube t Under what pressure is the steam ;

n* «&-Boaiiit potat oadw iaoNHsd
prwMm.



HPANSION OF A METAL HOD j,

™?^-W^r ""^^ .flW „,«,^ rf. .^

Pot .l£ut 3 cm. <rf w.toK .^ ? *•
""i

"•"^ <««• «J-

Two .m^w t.b4, //. ^."i^^^Set^iit zrbi"Sirj:'!*'-at one and passinff out at th^ «*»,*... aJl-^m.^* "®*™ entering

be expenmented on is
"' •*-°® ^^ *o

placed within T, which
ia cloaed by conical
metal caps which keep
the rod central in T.
This tube is carried
on a rigid base being
held securely in place
by clips. There are
two uprights A and
C, one at each end,
firmly fastened to the
base. One of these
carries an adjusting
screw iF, and the other
a micrometer S, which
should read to 0.01
mm.

First measure the
length of the rod by
means of a metre stick. Then place it in the jacket T a„Hhavmg one end firm against the screw F t»ZM -

'
^'

scrpw ft nnfii it.

«"**"" ''"? screw £,, turn the micrometer

T^^r H V ^^"^ «^°"" ~"*«^ ^^^ the other endTake the reading of the micrometer and also that of Tkhennometer. which gives the temperatui. of ^r^. '^Thtturn the screw back two or three rotations to allow for th«expansion of the rod. ^ the

through „<, the the™o«.e.e. ^^^^^0^:^:2

n* «-API*«|« tor iodine Ui. oortfcHot of lia«.

'rhJ.
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steam in a vessel placed under K, not on the base of the
apparatus. Then turn the micrometer screw uutil it again
makes gentle contact with the end of the rod. Roco-d the
temperature and read the micrometer. The mi-iometer
readings must be taken with great care since the expansion is
a very small quantity and any error made in measuring it wiU
make a great difference in the final result

Tabulate results as follows :

—

Lmifth of

Bod in mm.

Ttmpenttun.

Flrat. LMt.

Mieromeler.

Fim. UmL

InoreaM in

Temperature.
Expanaion

in mm.
ExpMuion
for I'C.

The coefficient of linear expansion is the expansion per
degree per unit of length, and is obtained by dividing the last
column by the first. Calculate it and compare its value with
that given in the Text-Book.

As the second temperature is that of the steam, this may be
found by reading the barometer and then looking up the
temp, ^cure of steam corresponding to that pressure. It will
not vary much from 100" C. (See " Note " on page 62.)

Repeat the experiment, if possible. Accurate results are
not easy to obtain.

A somewhat simpler apparatus is shown in Fig. 62. AB ia
a brass tube about 7 mm. in diameter and a little over a metre
long, connected to a Florence flask or other boiler by a rubber
tube if. By boiling water in the flask steam can be made to
pass through AB. One end A of the tube rests in a groove in
a block with the end close against a nail driven in the grooveA weight W keeps the end in its place. The other end rests



EXPANSI0X8 OP WATER AND ALCOHOL
do

H.. «.-FI«ltog th. ooeffloI«t of .,p«„on of . b«« tub*

to the end of the block- 'n,^ ^-

ui uegrees tlie pointer c moves over T^f *u- u»d let the diameter of the „eed.e bl IZj^ *"" >* "'

Then the c-reumfereace of the needle = , d „„»d „ the needle haa turned though n^SO
P«rt of a complete rotation, the expLion of

*«"«»"^ X ;r d mm.

Tabulate the results a. above, but in pl«» of
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T 1
*? ^'^ *^° °°'"''" *"** P"'** *^®*»® »"» *^« bottlea until

the liquid nses to the Shme height in each, as shown on an
attached paper scale. Observe the temperature. This may be done
by allow ig the flasks to stand until you are sure they have the
temperature of the room, which is read by a thermometer placed
near them

; or the thermometer may be tied against the tube of
each and allowed to take the same temperature.

Now place the two flasks in a vessel containing water a few
degrees warmer. Watch closely any change in the heights of
the liquids on immersing the two flaska Allow them to stand
for some time until they take the temperature of the water,
and record tlie heights and the temperature. Tlien raise the
temperature by heating or by pouring in warm water, and
again take the temperature and the heights of the columns.
Continue this until the alcohol is nearly at the boiling point
or the liquids are at the top of the small tubes.

Which liquid expands most with the heat ?

Remove one flask from the hot water and plunge it into
cold water; watch closely any change in the height of the
liquid column. Explain this behaviour.

On a sheet of squared paper draw curves to represent
the expansion of each liquid, ordinates indicating increase
in height of the liquid and abscissas increase in tem-
perature.

Which curve is steeper ? What does tliat

indicate ?

Bzerdae 50-—A Rtady ofthe ezpuudon of wattr
near tlie freeiiag point (Tbxt-Book, g 264.

)

Apparatus :—As the temperature of a liquid
falls it usually contracts, and of course becomes
heavier; but water, as it approaches the freezing
point, behaves in a peculiar way. This can be
studied by means of Hope's apparatus (Fig. 64.)
It consists of a cylindrical glass or metal vessel
sufrounded at about half its height by an annular

trough, and having two thermometers inserted through holes in

F». 64.—Hope't



COEFFICIENT OF HPANSION OF A CAS „

Enter your observations thus :_

Haw.

Upper

Thera.

Lowtr

lliemi.

Why does the lower thermomoter fall fi~t ; i. u .temp,™t„„ h« water its n.«xim„r den ityT k„^ "i"'Sr«t importance of thie fact in n.tu« ^ *^'"" """

"»"»»„.., fth^SnS'.: JK;'"af.:^^«|^
'" ""^ -"fc kolea' A
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Rest the tube CD in a horizontol position on two V-shaped
blocks of wood. Introduce ice-water into the larire tube
through the tube Fin the cork C. and let it escape at G. Keep
a steady stream flowing through for some time, the tine tube
being completely surrounded by the water. Tap the tube
sharply to overcome the sticking of the mercury to the tubeBy means of a metre rod placed alongside the larger tube
measure the distance from the closed end of the tine tube to'
the nearest end of the mercury thread. Assuming the bore of
the tube to be uniform, this length will represent the volume
of the imprisoned air. Observe the temperature; it will be
near to 0° C.

.

freely through CD for some minutes. When the thermometer
shows a steady temperature, tap the tube again, and read the
position of the index, and also the temperature again.
Let Vp <, be the volume end the temperature at first and v

t, those quantities at last. Then an approximate way to calcu-
late the coefficient of expansion is as follows :—

IncreMe in volume « «_ -

temperature = tt-h
Hence, iuorease of volume v^ for 1° = *'i~''i

•ud •• •• n
I •« p ^ 1^- It,

St^llT^
^ taken as a, the coefficient of expansion.

Strictly, however, we should start with the volume at 0" CLet the volume at 0' C. be v. Then a strictly accurate calcu-'
lation may be made thus :—

•i = »o (1 + «<,),

«i - f, (I + a<^
;

Dividing. ^ = ^±^;or(l + ay,.(,^,,J^
and inserting in this equation the values of t„ L, v„ v, whichwe have found we can find the value of a.



t

OOBFnOIBNT OF THE BXPANSION OF OAS ^
The first method of cslculirtinff will hp. .™„.

fof our purpose, h„„evor, ni^ T' i 7' '~"™'*

water in the v«.,e[.h,°J «„7« Jl'lL. ?" '""" " "'""'deH bj

First, measure the tot»il len^h of fi... k^ * .

It i. evident tUt we can flX 1
,"

h ^?he
""' ,*"*" ^*

Then .pply uJt untHtJe totTT
"". "' ""' """" "'«•" "•

In taki4 the CpeLt„«T " '"" ""» » f"" deg«e*
removed l,d theS Ir^° Tl 1 *"»" "^-'M >»

the tube th^ngh'tret^kt uTe:, "rjrh""'"'^""''column can be iust see.. Tk^« ^ **'
-
mereury

™btr«titft„„^theSJirri""" ""' ""«" ^^ -^
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Tubulate resulta as follows :—

iparatura
OtniigTMl

Tcmpwatun
baolaM.

Lwi*tho(
Air Ootiuun.

Ah*. Twnp. + LMftk
of Air Ootiuun.

What relation do you find between the volume and the
absolute temperature ?

BxerclM 63.- Study the nuthod of mixtorM. and And th« «mi^
eqnivalent of a calorimeter. {T^xr.ho,^]^^^ ^* ***• ^*"

The method of mixtures. The amount of heat required to
raise the temperature of 1 gram of water 1° C. is called a
cahyne. If on applying heat to 600 grams of water ita
tempera,ture rises 10°. we say that the water has received

?^ V?u ' ^^^ '*^°"'' °^ **^*^' *"^ i' *»»« temperature
falls 8 the water gives up 600 x 8 = 4000 calories of heat
Thus a calorie is taken as a unit of heat, just as a centimetre
18 taken as a unit of length, or a gram as a unit of muss.

Place a beaker on one pan of a balabce and add shot or
other small objects to the other pan until the beaker is
counterpoised. Then add 300 grams more, and pour water in
the beaker until equilibrium is again obtained. Fave the
temperature of this water 8 or 10 degrees lower than that of
the room. Pour this in another beaker. Then replace the
beaker on the balance and pour in 600 grams of w-^ er which
18 at a temperature 4 or 6 degrees above that of the room
(For this experiment, instead of weighing the water it may be
measured in a graduate, assuming that 1 ac. = 1 gram.)
Now take a third beaker, large enough to hold all the water

which has been weighed out. Stir the cooler water well and
take Its temperature; do the same for the warmer water
Then pour the water from the two beakers into the third



THE METHOD OP MIXTURES

one. Htir it well and take the temneratnw, u
to have two thermometers oneTr^ t

T' J """"^^ ^ ^*"
would be no chano^Tn LT ? ^^"'' "^ *''*^ ^^ere

being taken b^tTf noT ^'^'P*"^^"™ ^'"^^ the other was

negllted ° ''"'* " ^*«^ '^ ^^^ange can be

were chosen so O,^. thi- „. rrT ' '"''*^> "'» "'reumstances

wi^to^^'hoJriw'foMf """** •* "^^"^ «">' -
Ohw vessels «« „ot the best to use in exn.ri»«„. • .

"K the method of mijttures. Th.^ "Pf""™'' ravolv-

•»ides, they are alow !„ f^^" I^ *" ""''^ ''«'''™ »«<».

which they h^dThTt '*"'*,'""'*"'"'" °f "«> »"«
polished m^(ScJ l^'JT^'' '"' °" P-T"" «" of

to have the v^'ltlgTe'irS;"!"
'' "*"

wh.ch shield, it frem outsid? JJ^ ^» be , T. °"!
to communicate heat by the ha^Z v i ,

"* """

which our experiment i lie is te™^''*"'
"^^^l")'-

good fonn of calorimeter ist.". fn7^ e"

'^'"'"•- *
Here a polished vessel a rests on a .!j^Wock within a larger vessel A and the tem-

,W^,r ^ *"''° ""^ " "'ermome^r
inserted through a hole in the top
Weigh the vessel A ; let its weight be «,

P»n.s. Pour in water 7 or 8 degLs wT; ^ —
.bout half-fuU, and weigh agaiu. let it be «, g^ma Then
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hi

mT„^w H '.**'• *^'»*''y "^Wh the ve«eU md it.

the .mount of w«m water po«r«l in wm «,. _ „, g„^,

ftJmflT"^T'f"" "''"™ "•"«' f""" •» temperature

r^^» ™;„,"„f M ""V '^''^ "P"^ «" temiJSrture rf

^'the^S^ „f H T' '""' *'*"''• »^thetempe»t««"" "**«' -^ of the calonmiter from <, to (,

i. ifta'k^r'
""*' ** ""'"'"" *° the'calorimeter, that

Sill ?LltZ: r°"°'.?'
''™' to ndae . gram, of ;ater

wirougn 1 In other wor.1., instead of oountine the «, _ .„

t.e t to.thr.:rhri:r-x-rjL7orw.r
Calculate thus :—

neat received by doiiinetor -«(«,- n calori««.
orha.treee.«iB,.,aw.eer.„dc^or^i;.(tt::<.^

A numerical example will illustrate this :—
Obanrvationt :

—

Weight of calorimeter - . «„, „

Weight of calorimeter + cold water . . iSj '^T'
Temperature of calorimeter and cold water 12.8'C.



SPECinc HEAT OF COPPKR

Obtervi .ion$ .—(Continuetl).

Tempeimfcure of wwm water - 42 0*0
Fii»l temperature of muture - . 23 2"
Weight of oelorimeter + oold + warm water 888*

7 gmnui.
From which,

Weight of oold water
420 4 ••

Weight of warm water
2^^;^ ..

Caleulation :

—

Let oaloriiueter be equiTaleut to e gran« of water.

Heat received by calorimeter and cold water

= (420.4 + e) (23.2 - 12.8) oaloriea.

He»t given up by warm water

-246 (42.0-23.2) calorie..

Theee quantities are equal,

(420.4 + e) (23.2 - 12.8) = 246 (42.0 - 23 2)
<». 10.4 (420 + e) =246x18.8. '

« = 22.5 gram, (appiox.).

•33.3 X 0.01)4. 21.9 gnuns.

"M«t»»i.-nBdtt..,»cl«cl»rtrfc<w„. (T-r.Boo.. ,07».)

10 ~„rT "" '""'»!»''"« of 100 «™™ of water th«„„h
10 eent degrees require, 100 calories of he.t; while i/j"fou^ by experiment Ou.t to mi« 100 gr.™ of lead thtm^l
1 require, only 3 cloriea The fraction ,J^. tl,at iT^lmt.o of the ,u«,tity of heat nsquired to n.i«,\he te,l"atu«of a »««, of lead 1= to the quantity requiredtS.nequal maas of water V in called the ^yij k^ Tf Z7;Jt.s evident that while to raise 1 graTof water I't'l^^
1 calone, to raise 1 gram of lead 1° requires ri, caloriT^ 13» we can de6ne the n^JUW o/alui^^:^^"!^^

<«*««. or as fll. ikermal capacUy of 1 ^r„ „/„„ ^.j^,,J
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Muppiied with the boiler shown in F'w 69On screwing the top off, this fits in. the open^
^ngiFig. 68). The apoaratua shown in Fiff 69may also be used. .

Take about 600 or 700 gnms of short

ai
pieces of copper wire, tie them

I together with strong thread,
J£ leaving a few inches free foriy lifting the bundle. Weigh the
ii

I
copper; let the weight be w
grams. Start the boiler going

ScfraH rr.
*"** ^^ "»« ^^pp*' i" the --'"^

!^iH\P^""^'^^^»^
»••'»««* of caHboaH. andpush a thermometer through a hole in th.JTboard so that the bulb may be close to th^e c^p'^r

"* '''^^

After the temperature of the copper lis ceased ri-in. ^
it. Let it b« / Wi.uj ..

*^ ceasea namg record

*e copper fr™. the dipper drop ie q^i^^ ir^T"::.:?Move the copper about until the teinpemtL^ *k! .«^ to rise, and then re4d if ten.pe»C^: itt
"^

Let •- specific heat of the copper
"'

«
be «,

•nd « - water equivalent of the calorimeter,
nien heat given out by the copper -«.,,« _ , \ ^i •

Heat received by waterand«lorimeterrri.v/:^r^*

from which » can at once be deteriniued. •



MBLTINO.PC>rXT OF PARAFFIN OR B.BWAX
^5

W?l^«^d'thel[
'^' T^r P'^ •" * ^«»^»« they ,„.y be

IfZJt '*^*'" "7'^ ^"»»P«J "'to th« calorimeter^

4 ^urr;rr tfe :it,Tr
r
" -^ ^-- ^^

inner ve«H,l which Xn««Lr ^ ^^o^meter (»>, the

•pecific heat ^ "* temperature) ... ..pUed by ,t«

Numerical example (specific heat of i,t>n) -

Weight of cdorimster
Weight of o.Iori,„.ter + ooW wter ^

Initidt.niper.tun. of wHter .

Weight of iron ....
Tempenitare of iron - .

*

Fin.lt.nipe»tureof
WHterand'ir..,,'

From which,

Weight of odd waterW^ equivalent of the bft«, «l„ri,'„et«r"
^»g^.,j«^he.tofbrMe„«.(«r^

Cateulatitm:^

Heat r««red by cdorimeter .nd wte

r

B^t •
\^*^* + ••«)><(«- 14) calorie..H«»t given out bj the inm

«"«rie^

-I. , .
" '*®* ^ (!«>-«) X . «Uorieawhere, i. the .pedflo heat of iron.

^
Hence 340.4 x (100-22) x . - /%« n ^ « o.

- 20651.2 . : i,ii 2!
" "'^ "" ^«'- ").

o.iia

'

1« 2(rra.iiM.

100^ .V

380.6 gnMnn.

O.Sgnumi.

or

or

(T^si:: SiiS;?.,*'*
•"•to,.,,... „ ,.^ „ ^ ^^^^^

end in meltedpJl SXh 'T ?k" '°?«'"^ *P "« a-"

be d^ped i„to it. or i/tCtSS rve^'Z
t ""'

'1^T^» the melted w„ „d then ^ed ^tS^ S^l")



HEAT

Bind the tube to a thermometer m that the wax is near the
bulb, and then hold it in a beaker of water to which heat is

applied gradually. Keep the water well stirred, and note
carefully the temperature when the wax becomes transparent
and runs down the tube.

Next, remove the heat and let the water cool, and observe
the temperature when the wax becomes opaque again. Take
th? mean of these two temperatures as the melting point.

BnrelM 68.—Stndj the •tttet ofsalt upon tli* boiling point ofwatar.

Appabatus :—That shown in Fig. 70. The
flask should have a capacity of about 300 cc,
and be about half-fall of water. If an ordi-
nary flask is used two holes should be bored
through the cork, one for the thermometer,
the other for a glass tube.

Heat the flask carefully, protecting it

from the flame by wire gauze, until the
water boila First, liave the thermometer
bulb in the steam above the water.

r». m-rindinf th« hoiiinc What temperature does it show ? Let
point of « lart Mlu^ion. .4 u •! r * , .

It boil for a few minutes ; does the tem-
perature change ? Then pu-sh the bulb down into the water.
What is the temperature ? Does it remain steady ? Next,
add about 10 grama of salt, and boil Place the bulb in the
solution, and note the temperature. ITien remove the ther-
mometer, wipe the bulb, and replace it so that the bulb is in
the steam above the solution. Again, note the temperature.
Repeat these observations, using 20 grams of salt in the solution.

State in your note-book what is the effect on the boiling
point of water of adding common salt to it, and also what is

the effect on the steam rising from it.

Bzordse 67.—Find the lowest temptntnrt olrtainaUe witli a
mixture of snow and salt. (Tcxt-Book. g 280.

)

Mix well tc^ther the snow (or broken ice) and salt, and
insert in it a thermometer which reads to about — 20° C Use
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(^'^tlJ^-^jSS^ «-^ e^-O Of rt.U

(/) ^or pom^n. Heat some paraffin contained in a test-tube to about CO' C.
; place a therToineter in it a,^ L^Wlvobserve ,t at intervaln of 1 minute as the wax cools inCThe paraffin should be heated by holding the tube in waterheated by a gas or other flame.

Plot a curve (Fig. 71),
having temperatures for
ordinates and time for
abscissas.

{S)For water. A similar
experiment can be tried

fn. n.—k oooUBf OL.rvr.

with water, a suitable arran^menT b^'w
I in it;™ TS% fm_ . . ... »

'2* ^!-->J>p*'*t«t
for obulafof ooolljw
ourvt for water.

Shown inFig. 72. The water, which should
be distilled, is held in a large test-tube, and
the thermometer is in a thin-walled test-tube

itotL"'""" "^"^ ^"^^ ^'^ ^"^-^^^ ^ -^-^ the

The large tube is packed in a freering mixture of snow and

Zt. li
*«'»P«'»t«" every half-minute. and plot acurve as above.

*^

ac«dM».-l^theh.atofftad«loflce. (T«t.Boo..„2:7.278.)
The heat of fusion of ice. or the latent heat of water, is the

quantity of heat requiml to convert one gram of ice at 0» Cinto one gram of water at 0° C.
Weigh the calorimeter. Half-fill it with water at a tem-

rrrth ""r "t"^-.
"^""^ •*"»• -^ "-obtain tie

naa^ of the water. I^t it be «,, grams. Take some pieeea of
ICO. having a ma™ about one-dxth tl«t of the water. Stir thewater well and take it. tomperatun. Let it be «, Dry the
.ce with a towel or a flannel cloth, and quickly d^p it iZ th.

^
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water Stir (by meaiw of the thermometer or other 8»irrer>and observe the lowest temp^ture reached by the water. Let

kT \' ^^*". T***
**'* calorimeter and its contents, and by

subtraction hnd the weight of the ice added. Let it be «;^
Let X = heat of fusion of ice. . To change the ice into witer,

without raising its temperature, inquires w, x calories of
heat; and to raise the temperature of the water which comesfrom the ice from 0' C. to t, requires «,. t, calories. The heat
required comes from the water and the calorimeter cooUnirdown from ^ to V- Take . as the water equivalent of thf
calorimeter, so that the calorimeter and the water in it are
together equal to w, + « grams of water.

Heat given up = («» + «) (f, _ y cij^rie.,

Heat received = tu, a: + i», <, calories,

Hence tr, x + tn, «, = (,„, + ,) (<^ .. ^^

orx

- Find the lisat<rfviiperi»tlonafw»t«. {Tixt-Bomi,
EzerdfedO

iri89, 290.)

.biin^oX^l7iP".V*'°"" "' ^'» '^ •" '*"7 oonvni«,t. In theabwnce of the boiler there seen, a tin can or a gla« flask may be os^L

The heat of vaporization of w«l«r,
or the latent heat of steam, is the
quantity of heat required to convert
one gram of water at its boiling point
into steam at the same temperature

;

or the quantity of heat given out by
one gram of steam when it changes
to water at the same temperature.

Weigh the calorimeter. Fill it f
full of water and then weigh it with
much care. Let the weight of the

Fm. 7S.—nading tb* Imtmt hMt
of itMn. TiM tnp r k mad*
from • vIsM tttbt ftlwat « IboIm
tow Mid 1 infih diuMter. with
»Jtw«* tub* through a oorh in
M0I3 4IkL water be «;, grama This water

should bo at a teinperatui-e of about 5" C. Let it be < ".

'^m^T'M
jiAvCr,''^*^/?'j
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«™pped) into . t«p r. i„^ ttiir^r^'i ^

will be .h^wnbyHZ *Jf™" ?"T" •" '"^"- Thi-

w.ter tho™„ghi;.nd oltr '^t"'-^ *'"«• Stir the

n.et.r J^c^^"° "nnece^ry delay w„ig,, tl.e cai„„.

with„«..j"strj^:;:te.tr„tr *" ""^:
thus obUin the weitrhf «f m T " " ^'"** *^''" ^"^

-r. u. „. Jiit^iii^t'itT:'" "- ""•'^"^ "«

We •. «„, obtain „,„ ,^„^ ,,^^ ^^ ^^___ _^ ^^^^^^^ _iM 1^ - WMght of water at first,

^ = its temperature,

' = water equivalent ..f the calorimeter,

Tl
"

r*"***'
°' "*'" "'^"^""^d (,«.uined at 10»» C )h = final temperature,

touiperatnre). ^ *^*"^ "^ *'»« •*»"•

by tha water from tl,o ««„ _ ,r, , lOO / 1 ...

^'n + ^M»» - 'i)cHlonea.
Hone ,^ + ... 000 - « „ (^ ^. ,) „_ .

,^j

— __ -,i^pex«ea vriia euiireiy. In

^ i{
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Fiff. 74 is shown a simple form of the apparatus, in which
no trap is used.

As the hitent heat is high
t}ie quantity of steam used is

small and care must be taken
in the weighings. A small
error in the weight of the
steam will make a considerable

error in the result.

ExerciM 61.—Find the dew-
point (TktBook, §§ 295, 296.)

Apparatus :—That shown in
Tbxt-Book, Fig. 289, or simply a

't;IiH;:2l^Vu^'"?'^'"«'*^"»' polished tWn metal cup.TMwrlntioa.^ U • lorMii to prot«<]t the
'^ "

oUoriiMlm- C from Um wmirm of he«t. Wa wioK *r^ il..A *U i.Wkter oondenaed in Um deUvery tub* raiM **® WWh tO tind the tcm-
baok into th« flatk. „ x x i • > i i

p«rrtture at which the moisture
which is present in the air condenses.

Half-fill with tap water a thin polished metal cup—one of
aluminium or of nickel-plated bnws will answer well. Continue
dmpping small pieces of ice in, stirring well all the time, until
dew is seen to form on the outside. Then take the tenii>eraturo
of the water with a thermometer which should read to | or yV
of a degree. This temperature is probably a little below the
dew-point.

Now make small additions of water at the temperature of
the room until the mist begins to disappear, and then take the
temperature again. This will probably be a little higher than
the dew-point Take the mean of the two temperatures as the
dew-point.

Repeat the experiment several times. After one or two
trials the temperature found going down will be pretty close
to that found going up.

Be careful not to breathe upon the outside of the vessel or
to hold any damp object near it while looking for the mist to
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form. A sheet of glasn stood in

71

of the apparatuH will

A
protect it

"d. (.lout 2 rmm i„ '^.v
'" ""' f "^i™

To begin with, the vo8«el X i, i„v..rte.l•n index ,s slipped on each «xl, „„,) « ,ty'

tn™^ ™ ni«». When the vessel isturned r.ght-.,de-up, as shown in the

the wax bef„,. ther^dwL '!>'."" """ *'"" '^">"'«
h»ve acquired stjv v h, .

"'« '«'"P«'-«tures of the rod,

to pointe on th^^rio„s"^"'^'"''«T
"'" ••-'descended

and whieh.he.rorpr:turiX':trs ^""^ '°"^'«-

tHe'p;rnr;:tr::^trr^rr '^^ ^-^ 'o

I'M'. 76.~tatn'a appM*-
»«• for fladlnir ^
«/• oonduatiDf pewan
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4 ^

Find the squHres of the dlMtanoM lueiwured, and takinK the
conductivity of copper a. 100. compute the conductivities of
the other rods.

Perform the experiment HevenU times: it does not take Ions
to do it.

•

If desired, the rods may be olectropUted. Tliis doee not
measurably alter their conductivities and it eliminates any
differences in the nature of the surfaces.

1 ^"^ «.-Drteniiliie (aypraziiiiately) the neoteaieBl emiivi.l«t of heat; Le., Hid the a^wrtrflM^^JwSTemiSS^J
toiiiiitqiiMitltjrefha«t (ToT.Buo«"|JS!m)

^'''*^

Appahatus :—a stout card-board tube about 1 m. long and 5 em

Fit each end of 'he tube with a sound cork, and iaeert
one cork. Place tl thermometer in the shot, which may
conveniently be hel in a card-board box. and read Uie
temperature accu -ate!/. Let it be < ^C.
Now pour the shot into the tube, held in an almost hori-

zontel position, and t! , holding the tube uprijrht, measure the
distance from the uppe surface of the shot to the bottom of
the upper cork when it is inserted in the tube. Let this
distance be h cm.

Next take hold of the middle of the tube and quickly invert
It so that the other end comes uppermost. The shot will drop
to the bottom. Repeat this 100 times, then quickly pour out
the shot and take its temperature. Let it be < " C.

Let m gmnu - mnm uf the ahot,

« a 8}MH!ttic heat uf lead.

Th«ii mechanical work dune « 100 «fc gram-owitinietn. unita,

— 100 myfc atjp.

And heat develupwi =««(!,- <,) cakmee.
Hence the mechanical work

) 100 nif^ iqq j^
equivalent to 1 calorie i

°"
«« (t, - <,)

=
, (^ J i^^

«ni«-

Repeat the experiment, making 160 invemons of the tube.



Part VI_Lioht

w which hole, of any d«,iml sue and ^
« sttch a camera lue a box about; fi;nche. «,uara and 12 Schi^LO^r an opening in one end Sat^"*.

on the im)und.irlH«- K„ " T ." * P»"- Observe the imace
c«ue»^;11:

^'^""O""* "•» •"»«» «n<i the b«k ofZ

Pl«e the CMdrrt^iff
""^".<^'"»»"'*» f"»n the pi„.h„|o.

0,u.:_
'««"<'«*»««. Amnge the r»ull8 in , table,

Objwt from lm,w> fromHu hole
i PlB-lwl,.

I

0»»J. from P«n-liol«.

I«i- from Hn-bol*.

HI

7mr^^^^me:mf^2
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Now make a three-coraered or an oblong hole in the tin-foiL
Do you notice any difference in the image ? Make the fint
hole larger. What change in the image ? Make Beveral holes
near together. What result? Now make them all into one
hole, and note the result

It is wiser to make these experiments on the effect of sixe
and shape of aperture before the measurements referred to
above are made. In this case a fresh piece of tin-foil will be
required for the second part of the work.

In your note-book describe all your experiments and the
results observed. Also make a sketch showing why the
images are inverted; and answer the following questions:—

(«) On what does the brightness of an image depend ?

(b) On what does the sharpness of definition depend ?

Exereia6 65.-nMofa9hotoiiMt«r. (Tkxt Boob, i| 8>6-84a)

Apparatus :-A gimple but efficient photometer can be n»defmm two blocks of paraffin wax, 6 or 7 mm. thick and about 2.6 cm.
Hquare. They diould be cut from the lame slab of paraffin, carefully
nM»de of the same thickness and then pUoed together with a sheetof tin-foU between them («. Fig. 77>. heym^ dm^y .Jt ofa

-; ""^

-blook photooMlOT.

stand, or may be placed at the bMsk of a piece of wood or metalwith a hole au.i.t I cm square in it, the blocks being so arrangedthat an ec,ual amount of each is seen through the a,5rture. Th^a« well a, the board on which it moves, shouW be pai^ black, and

LLnI^'%^V**""^'fu '^f^^
be used in a daVfcSied nx>m andscreened off from other light*. If this ph. ometer cannot beobtamed, use a Bunsen or a Rumford photometer

/. Verify ths Uiw of inverm squares. At one end of the
bhickened board phice one candle, and at the other (1 m or
more away) place four candles, (Fig. 77.) Have the candles



^« or A PHOTOMETER

•« equa y brieht Thi. ...„ k.
J™g» wnen the twc portions

little Uuce. M.ke 2 oH ^ T '*""' •~"™'<"y "fter .

time. Let the distune t^
'"" "«"» to the photometer e«ch

-eer be
... J':^z!:rj^:z': "^iir^ ^^--

of your values of rf, and rf^

»aie8 be ri^ Take the avera^^e

take the avem^ agafa
"" '*^""' '°' ^> ^^ ''» -^

Repeat this with another distance between th« U , *Tabulate your results tJjus ;—
o«tween the lighta

ffom I Danfl* lo

PtiotoaMrtor^tf,.
'"row « GumIIm to

I

(-',)•* (;.)•-( J;)!
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iarned towards the centre. Let the strengths of the left and
right liand lights be X,, R respectively. At^ust the photo-
meter between Uiem, and measure the distance to each light
Repeat this adjustment two or three times and take the
average of the results. Let the disUnces be rf,, d^ Then
from the law of inverse stiuares ^ m (Jl)*.

Try several distances between the lamps, w^usting the
photometer for each distance at least 8 times. Tabuhite your
results thus :

—

*' :«
!

'•• '•• •«i»M,'.

tl

Mcun

Next turn tho left lamp until it« e<lge is turned towards the
centre. Let its strength now be L^ Proceed precisely as
befcre and find the value of ^i.

F nally, to compare Zj with L^ divide the valucH found for

Thus t--r^«^ = ^< This gives the number of timesJ- and — — - - - -

the lamp with broadside flame is greater than with flame
edge-on.

Various other experiments can be performed with the photo-
meter, such AS the comparison of an electric lamp or oil flame
with a candle.

Bxwdse e8.-BrtsbUah ths laws of releetioii. (TkxtBook. | ua.

)

Apparatus :—The optical disc.

With this apparatus verify the laws of reflection, according
to instrucUtms accompanying the apparatus.



THl LAW OF REFUJCTION
7̂7

•7.-|rtakUlh til* tew ttfM««*M^ ^

•^* 1 i»eh wide «; ?'SeJ7 • ""> «' «««'vml pUte-gJ^

• recUnguUr block of wood witfVSL^ .**»*" •^'^'^ it to

1 »• raMon for not UMinir « niJ^^* ^'*'^'' «'«?• («. Fi^. 78)
Jjl^ml on the b^k. Xt S'J' ^e^^^^'^T «nirro7 i 'tj it

>
front surfkce. » » be«t to have reflection from the

Ihtiw a itmight pencil-mark ^iJ (Pic, rg, «.^ ,white paper, and lay the blcvk „« •** 7 ~^"** '' ''''««<^ «f
(which is the reaJugtJlT "^ '^' "^^ ^"'"^ ^'^
of the mirror is along thi. line,^e face of the mirror should
be vertical; when such is thecaw the paper which is before
the mirror and its reflection
»n the mirror appear to be
one continuous plane.

Stick a pin Q through the
P«per dose against the surface
^the mirror and another pin
^ at some distance from in

" —~*^
M obUque direction. Now look w,>hPQ, BO tHt the pin Q is hidden ll.i\f"*

'^'^ *^°"« ^»»« «"e
-oving the head stick^olr^^'^T P"[^'' ~'^ -^»-"t
it also appea« i„ the linT/^ l„ ,f

'" '""** * P««'"°» ^^at
along the line RQ the th^^ Jl ',7"' ^''*^' '^ °"^ ^^^'^

straight lina
P"'" ''''" *PP«*r to be i„ a

compasses. dn.w the pei^ndtVg^ ^ ::^^r
"

T''from our experimentinir that if Pnv- *V
'^ '* ®^*^ent

witn a protractor measure

''*'''"*™TCi;i&,.'-"-'"-"w
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each of these angles. If a protractor is not at hand, with

centre Q describe a circle cutting PQ and RQ in p and r

respectively. Join pr and measure pN, rN with a millimetre

scale. Repeat with another position of P.

In your note-book copy the figure on a reduced scale and

mark the angles and lengths on it.

Exercise 68.—Show that when a mirror is rotated through an
angle the reflected ray is rotated through twice that angle.

Apparatus.—The same as in the last Exercise,

may also be used.

The optical disc

First, obtain the position of R, the image of P in the plane

mirror. Then turn the mirror about Q through an angle of

about 5° and draw a line along its face to show its new
position. Let this be A'E. Also find the new position of R.

Let it be R. Then QR' is the direction of the reflected ray.

With a protractor measure the angle between AB and A'B,

and also between QR and QR'.

Continue rotating the mirror tlirough small angles and

determining the direction of the reflected ray, and measure

the angles in each case between the new position of the

mirror and the first position, also between the new direction

of the reflected ray and the first direction.

Arrange your results in a table thus :

—

Angle Turned Through
by Mirror.

Angle Turned Through
by Reflected R«y.



THE ANGLE OF A PRISM
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BxerdBe 69.-Meaaure the angle of a prian. (Tkxt.Book, §m )Apparatus :—Priam, protractor, ruler and pins
Place the prism on a sheet of paper, and if poKsible draw its

trace ABG (Fig. 79). Then by means of a protractor the
angle JiAC can at once be measured.

Obtain the angle also in the following
way :—Stick a pin P into the table at a
distance of about 1 foot from the edge of
the prism, and in such a pasition that
the line PA is approximately equally
inclined to ^5 and ^C.
Look at the face AB and obtain an ^^

image of the pin P in it, placing the eye p.„. :._„o. to Lur. th,m such a position that the image coincides '"*'• *' * p'»'"-

as nearly as possible with the edge A. Stick a pin Q in the
line jommg the eye to A, Thus on looking along the line 0.4
the pm P also appears in that line.

Next, stick a. pin iJ in such a way that looking from RtoA
the pin P appears in the same line.

Remove the prism and the pins, and draw the lines QA RA
Then the angle QAR is twice the angle of the prism. Measure
it with a protractor and take half of it.

This method s no more accurate than the direct method,
but sometimes the direct method cannot
be used. The most accurate method of
all,— by means of a spectrometer,— is

identical in principle with the latter.

We cjvn easily prove that the angle QAR
is double the angle BAG. Consider a
much enlarged portion of the figure in
the neighbourhood of A. Let pm (Fig.
80) be a ray (coming from P) incident on
the face at m and let qm be the reflected ray
(going to Q). Produce pm to n. and draw

AL parallel to mn. Then dince the incident and reflected rays

80—EnUrged dia-mm to show the reflec-
non at th« edge of the
prlam.
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nake e.,ual angles w,th the normal to the surface they alsomake e.,ual angles with the surface. Hence the an^l^pmA = he angle gmB. But from the figure it is seenTathe angle praA = the angle Bmn, whicf^ i?^Z. Hence

Similarly the ray reflected from the f,»ce CA makes withthat face a., a.^le equal to CAL. Hence the angle betweenthe two reflected rays is double the angle BA C.

Apparatus :_A plane mirror and a penknife.

J^^'t ^^ ""''*''. ""^ * ^^'" *"^ P''^^^ * P«»knife. with thesmall blade opened 90^ upright before the mirro^ Wherldoes the image appear to be ? Turn the open blade so as topomt towards the mirror. In what direction does the imagepoint Hold the right hand before the mirror. Which Zddoesnt appear to be m the image ? What name is given tothis apparent changing of sides ?

Open both blades out fully and lay the knife on the tablewith the point of one blade touching the mirror. Where doesthe image appear to be? Continually increase the anglemade with the mirror by the knife and note the image^n
each case.

"^o-go in

Lay the knife on the table 3 or 4 i„ehe8 f™,„ the mirrorNot* tl« pos,t,o„ of the image. Tarn the mirror throughabout 30°, and note the position of the image a..ai„
^

(TUCT-BOOK,§ ^r^ 71.-Study the inuwes in paraUel mirrors.

Place two mirrors vertically on a table parallel with, andfacing each other, and place a lighted candle between th!^



BXPE.»„K.vrS WITH WCLmED M.HROKS „Now Wk „bH,uely .nto „„. ^^^^ .^ „^^^ ^^^ ^_^^ ^^ ^^^

«ppe« .t e,„a, I^„^^; T't'.
"™'^.' '''''° "'"^

""Bwer^hi, question drTw the
* T """«''" '''"" ^o

«>cce8,ive iJges .„ 3^* "" "^ ^-^ "hich any throe

,

Place . lighted IdleT^,^Xf, 'T','locate three ima.es, and »X ! 1 P'!'*"*"'^""'-™:
position and relative bright"^

""""« *° "P'"'- "-eir

nir«.n,re»tup„?aslZ „r ^ •'"'<'™'"«»
•>/ ha"?.* t^

Sn.d„ated in dCl tl L'T'^''."^''''''' '» ''"""' > o'-le
at the centre of "the^'i ",e ' '"'""' ""' "''™" »•*' I^ing

Stand a candle between ih^
"» bo aeen

? Make H dTwin; ,^"'1"°? .,"°" """"y '"^g-
sho«, on it how the hVht23wT.''

"'« ™«S<«. and ako
Repeat the experi^'en ^^Z,^; T^" *" '"e eye.

and 40°.
mirrors inclined at 60°, 45°, 72°

Appabatus :—For fhi« «^,w. •

«»irror«, a screen of iZnX'ir"' '^l!^">'^ concave and convex
gaa-flnme or an incan-Ct"fc ""'^'X'^'i'^^' ^ -"X ^

Placed directly i„ front of the mfrnf^ ru •'!,"'' "''""'^ ^I^^y" be

»-.an.«o™the^:trrei/X45

IF
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<^

shown on its edge. Is it erect or inverted? Enlarged or
diniinished ? Is it real or virtual ? Then slowly bring the
flame towards the mirror, continually moving the screen so
that the imago is always distinctly formed on it. The screen
and object gradually approach and then come together. The
object and image are now at the centre of curvature. Note
the characteristics of the image (erect :>r inverted, enlarged or
diminished, real or virtual). Let the centre of curvature be-
denoted by C, and let A be the vertex, i.e., the middle point of
the reflecting surface of the mirror, ^alf-way between C and
A is F, the principal focus.

Move the object from C towards F, and follow the image
with the screen. At last the screen has to be taken to the
opposite side of the room—the image is formed on the wall.
The object may be taken as at the principal focus F.

Then move the object nearer the mirror still. Where
is the image now? (Look in the mirror.) Note its

characteristics.

Next lierform these operations in the reverse order, i.e.,

starting a^ near as possible to A, move the object outward
passing through F and C, until it is as far away as possible,
and obtaining on the screen a distinct image of it in its
various positions

Tabulate your observations as follows :—

CONCAVB MiRKOR

PodUonofObJwt. PMiUon of Image. Characterirtica of Image."

At infinite distance .

.

Beyond C
AtC
Between C and F....

Between JP* and A. .

.

AtF.

(•Real or virtual, ermn or ioverted, enUived or dimloiabed.^
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sameway. Test for positions of tl.e object extending fr„,„the vertex to a great distance, and note the characteristiZf
the nnage for various distances.

"nsHCs ot

neeX'lir;;-"'"""^
"'•^'' ""'""• -«»• -"'".ted knitting

1. Hold the mirror in the sunlight so that the rays fallArectly upon ^t, and receive the image on the edge ofTwhTt*card or a narrow strip of paper held in fK,nt of the mTm>;

^Tdistrnr"" 7lu
"' '"'«'' " »"""-' ""O "><«' OistSThe distmctness of the .mage can often be improved by usingonly the central portion of the mirror. To doL. cutI^Zhole about 2 cm. in diameter in a piece of browk pairedP^ th>s over the mirror. Having obtained theTrTst

possible .mage on the screen measure its distance from^he

wiLo" rfaTorasTo^blf'

'"^"' ""^ "^^ "' » '>'^«'"

3. In a piece of card-board make a hole 6 or 7 mm in

They may be held
in place by wax or
"by a label pasted

over their ends. . /

Mount the card on ^y
an upriglit so that
the cross-threads _

—
et

are at the same
^''- """""•"'* "^~"'"«>'"^'v"««of.oo«o...«,m»r.

height as the vertex of the mirror. Illuminate the threads
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If

by placing a strong lamp bel.ind. No«r move the mirror «,that a d,«tmet .mage of the hole fall, „„ the card-boa^u^

a^t r ."""I-
"^''^ ""^ " *'» -=»- "•" e«-thril

4-tanee from the croee-thread, to the vertex; thia is theradius of curvature.

obt.f^'"T "' °°"-'"^'° *"'• " '' '» "•« distance of an^ject from the mirror, ,/ the distance of it, image and r the™dl„s of curvature, then it can he shown (see p!ge 124) that

S;,atr"" " "" "' ^'' '^ -'-»-' -• ^ ">e„

Place two knitting needles P and Q on stands in front ofthe mirror (Fig. 82)-aIl being on an optical bench, if y °„

have one. First, move
P close up to A. Its

image is seen in the
mirror, virtual, erect
and enlarged. Gradu-
ally draw P away and

hi.,A *u • .,
**^® image retreats be-hind the mirror, until at last it vanishes when P reachesthe pnncipa focus. Now move P farther out, i.e., between

the principal focus and the centre of curvature. By standingWk and looking along the axis of the mirror the imagewhich 18 real, inverted and enlarged, will be seen. We wish •

to locate It exactly. To do so move the needle Q until it
coincides with the image of P In that case Q and P musbe on an axis of the minx,r; if necessary, rotate and adjust
the mirror until che image of P appears with its tip justtouching the tip of Q. In order to test whether Q and theimage of P actually coincide, move the head from side t^

r^ r^
)

Fio. 82—^{«« the Imajre in » ooncare mirror by
knitting needles on itands.
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of one relative to the otLttlJ H 'T
"P"*"™ '" '^ » ""''™

e .n««t be mov^ „,,tiltll
-^J'""''*'" « »ot perfect and

This method of lorAfin» *», • <.

in the position of .ZiTi"Z'T'""''- ""t
"PP"*"' "'--go

oh^rver I„ thia e^CL^^":;'^ '" ">»•-'««» of the

portion .a the head wa, movelTCat.eril"'
""""«* "'

tHe^infoJais^^rdetrrtr^^^

Co^nnined h, a>,t nt':;:^^:;.^: ""^ ^"'""' "' ^

and in t e«"Tw„Xj'r
"" «-- ^ '- of the ™irr„r.

.
* ^ ^'"'^ "'« ">!•«'. and let thesuns rays or the parallel rays from a

projectmg lamp, pass through the hole

.?„„
° T'" *"^ »*"''« the small

uncovered spots m, J, of the mim,r.Then „„ ,s the incident »y, which is

."'!rrt:i™f„r/:r<''z-"«"-'"ichalong ^if. There will betwo bright spots at I, M
length of • convex mlnor!^

.,
*— "" -''> '", on theMove the mirror until the distant

on the back surface of the
!e LM = 2 mp.

screen.
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.^'

From tho figure we see that LFN and Lmn are similar
triangles, and if XiVT = 2 Ln, then FN = 2 mn = 2 ^iVr, or

V:r '*^' ^""^ ^'^"''^ ^'"^ ^"^^ ^«"«^*» >« equal to the distance
oi the screen from the mirror.

A second and more accurate method is given in tho next
exercise.

Jt'!^ '"r^t ?• "^"^ <»' cuTTatnre of a convex sphericalmirror (second method). (A Uemative method to Extrcise 76. )

*^"'"'**

Apparatus :_A convex and a plane mirror, a small needle and aknitting needle on stands. The radius of the convex mirror shouldbe 30 cm. or more and its aperture not less than 5 cm.

r
s^

n
ria. 84- .-*Um method of flndinK the nuliui of ourv.tan ofa convex mirror.

Place a knitting needle P (Fig. 84) before the convex mirror
A. An eye placed at E will see its image at P' behind the
mirror, and we desire to locate this image accurately.

To do so place a plane mirror if in front of the lower half
of the convex mirror, and before this place a small needle on a
st»wid R. Its image will be seen behind M. Move R about
until this latter image coincides with the image of P in the
convex mirror. If they coincide there will be no motion of one
relative to the other when the head is moved from side to side.

Then^ = the distance of the object from the mirror,
= AP, which can be measured at once.

Also p' = the distance of the image from the mirror
= ^P'.

Now P'M = RM, and AP' = P'M - AM = RM - AM.
Measure K.¥ and AM, and on subtraction obtain AP- or »'.



INDEX OP KEFKACTIOX OK GLASS
87

T1.0 formula connecting. ;, and p' (««„ page 124) m

" -." Should; col::::;^-r^^r "
"

^
"

•*"' ^^'

«

This is to be done accordiLT H ^' "'^^ **'•

ing the apparatus
^""^'^'"^ *<^ *»'« instructions accompany-

oftS^^gC aS>^Tl*^r\&7' rs'^"^'"!;
•-'t*"^'- block

venient length. The edcen Su ^ ?."V
'*''''« *"^ ^^ ^^^7 con-W edge to edge ttougrthe ^1^^

^ '*°^"^^' «« *^'^* <»«« -n s^
Draw a straight line ^5 on a s}iA«f «r

block so that an edge Tov'

r

^^^ '^"^ ^^^^ *^«

the line. (Fig. 85). Stick a
pjn upright at the point P
close to the edge of the glass
plate, and another at Q close
to the opposite edge, so that
the line joining P and Q ia
oblique to ^5.
From the direction S look wJfK «»«

Fie.

of nfnctron ol % ghM bloSt
index
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R, looking continually tlmmgh the ^Iiimh at the pin P To
make 8ure that you are really HceinK 't. iHy Bon.ething on the
U>p of the glans to hide the top of ti.'o pin. You will notice
that the image seen through the glam in in a different direction
from that seen over the glaMi.

Continue moving the eye. keeping it about a foot from the
gl«*« block, until the inuifje of pin P is ju«t hidden behind pin
«. Then place a pin R in the line from the eye to Q, i.e the
pin i2, the pm Q and the image of pin P all appear in a
straight line.

Now remove the glass uiul the pins, and draw the lines

PQ, QR and the perpendicular to
AB at Q (Fig. 86). It is clear
that the light which travelled

along PQ in the glass, upon being
refracted into the air, travelled
along QR.

With centre Q describe a circle

cutting the lines PQ, QR in Cand
A re8pect'"ely, and drop perpen-
diculars Cm, Dn. Then the index
of refraction from glass to air is

the ratio Cm/Dn, while that from air to glass is Dn/Cm, the
inverse of this. Measure these distances with a mm. scale
and calculate to two decimal places the value of Dn/Cm.

Repeat the experiment taking 3 or 4 positions for P not
changing Q.

'

With a protiuctor measure the angles DQn, CQm, in each
case, and using the table on page 125, calculate to two decimal
places the ratio of their sines.

Copy the figures into your note-book. Arrange your resultsm a tjible, and take the mean of your values for the 'ndex of
refractioa

Pw. 88.—The rMl« of Dn to Cm. which
la aqiMl lo UmI ol Uia line or DQn to
the diio ol Clim. ia Uw index o( re-
fnelion froai air to gUm.
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A,P«„„. Un^ „„„„^, ^^.^^.^^ __^_^ ^_^_^___

•» object. Pl«e th : „ H "f "": °' • P""""' °'"1 «
f«.m the object. .n/.,ri,re tt """ *' '?• '•'' '"' «">•

'n«ge on a white c»r.l or « nl^ ^ •' '• '^'™'™ "«>
len. u„d screen ,h„u,., airw,::::e^'„f;;:"''''«'7 • °''J~''

Place the candle about 60Zl, """"' '"*"'•

««»n on the other ,i,|e uluh ° ''"» *"' ""ove the
o» it I» it real or vrt„"

«!!;"'''*•'' '" "«'•««% 'onned
diminished? Gradually o^T'rHT:^' '"^'"^ "
»«me time moving the LZ7in„ T * '"'*''" °«'' «' "«
.wayMiatinctl^for^Jri " wtn tl^ "".! '!"" '"""«« '''

siderable diatance (several met«.Wh
" """ " »' » «"'

and small. It is (very a,.n.^™^ ! f
'""«* "'" ** "tationary

obi^ are of1 «me ste '^n'lh-
"''" "" '"»«» ""^ "•«

focal length from theCThe^w" T '"'' '' "^«» "•«
the image moves .wa;"tnd^"„''rf„ ""*"'"" "»""^

frjs. "'»-----<47p~^rt:,">::trpr;:;

Make drawings to locate the object an,1
•

cases. oDject and image in all
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From your observations fili in the following table in your
note-book :

—

Comrix LiNs

Podtion of Object

At infinite diatanoe. .

.

At twice focal distance

Beyond principal focus

At princiiial focua

Between p.f. and lens.

PMition of Image. CharaoterirtiM of Imagr.

1

Exercise 81.—Find the focal length of a conrez lens. (Tut Book
§383.)

Apparatus :—Convex lens, candle, screen.

1. Hold the lens in direct sunlight, receiving the image on
a screen made of a white card or of ground-glass. Move the
screen back and forth until the image is as small and bright as
possible. Then measure the distance from the screen to the
centre of the lens. This is the focal length.

In the absence of the sun get the image of a bright window
or of any bright object at a considerable distance,—6 or 6
metres.

Make several adjustments for focus measuring the txal
length each time.

2. Adjust a candle (or incandescent lamp) and the wreen
until the image is distinctly formed on the screen whea the
candle and the screen are equidistant from the lens. When
this is the case ea^a is distant from the lens twice the focal
length of the lens. Compare the sizes of object and image.

3. By conjugate foci. Place the candle at any distance
from the lens and adjust the screen on the other side of the
lens until the image is distinct. Measure the distances of
object and image from the middle of the lens. Let these
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distances be p and p', respectively. Then it can Vv^ \,(see page 124) that
^ "en it can be proved

1 _1_ 1

, P' P ~ fWhere / is the focal length. Measurfi fh« a- ,

stick it on theW Ther'a,^^ '^l „f
°'^'«'' ">« P^P^' '^

the sua or of a distant arc lamp or rays /^"X
«ndered parallel by a lens to fall upin f, A
the lens. They emerge as two s.iall V" ^ >
pencUs, spreading apart. Receive these

^—^
on a screen and move it back and forth
until the two bright spots Z, M are just
twice as far apart as "the sliU in the
paper disc, i.«..ZJlf= 2 mp, and henceLN= 2 mA. —"1.™ — - wnoTe inm.

fcKL-Chl^tr,""^ "^'' '"'' '"^ •»« '» »^-' 'o the

enSLrK^wSsu^t^^r
thelatter. Hence ^^.^-Ij^tllHirS^Tn;^

-£= '^ Y

Ji

ria. 87.-nndlugr the foc»l
lenirth of • oonckve lena.

I



Klit,

u

w

92 LIGHT

m^^,T^~^^ *^* ^'^ ^~«*^ <>' » «««•• lew (secondmethod). (Tkxt.B«ok. § 384.) (AUernativelo Exercise 82 or E^rci!e8^

len^"^"^""^
'"^ ''°"°"''* ^^"^ *"** * "^""^^^ ^«°« *>^ "Sorter focal

The focal length of a concave lens can be found more
conveniently by combining it with a convex lens. The
shorter the focal length of a lens is the moi-e does it bend
the rays of light, and the greater is its power. If / = focal

length, then the power. P = ^. Again, since a convex lens

converges the light while a concave lens diverges it, if we call

'

the convex lens "+ ." we should call the concave "-."
The convex lens to be combined with the concave one must

be more powerful, i.e., must have a shorter focal length If
you do not know its value, determine it by the methods
explained in Exercise 81. Let it be /, and hence its power
P — ~

Let/, be the focal length and P, the power (numerically) of
the concave lens

: we wish to find the value of /.

Put the two lenses close to-

gether (Fig. 88) and find the focal
length by the methods of Exercise
81. Let it be /; hence the power

of the two combined is P = —

.

/
Now since P, is the power of the convex and P.^ that of

the concave lens, the power of the two together = P. - P
which = P.

8 12
But Pj = ^, p^ = 1 and P=^\, and so

/i /2 /

/i /. r'"'/;"/;"/'
But we have measured /, and /, and so /j can be calculated

at once.

Fm. 88.—Finding the focal length of »
oonoave lem by combining it with »
convex lent.
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Mfe™«,„,!*i;;^«^'^*^'>'»«»awl«i.(tlUr* method).
Apparatus .-—Concavft Una «i

I

h
r

D

•* wt":„ txr;!^^':^,,—.-•>- -- view

len,. The imge win be ,1 atV 1""°'^*' '"'''' "' *''^

the distance otF iromA "" '*''"''* *" ''"°''

is in front of it. Move /abTuf nn./^'
^'""^ ^^ ^

/y WK •* J "^ ""**^ ^<^ »n™age coincides with

lene'to theX::i1 ^t; tttSofV'' """^ °^""^

Putting P4 = p. and P-A = ;,', wo have ehe relation

-- - = L

from which the value ot/cnbe ^knU^tM.
Here p p' and/are all measured in the same diction andIfP andp are taken •• +.V,hould come out •' + "^ '

^
iSlfl
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Make four or five measurements and tabulate your results
thus :—

:

'' p- /

Fio. 90.—Tnoing the ooune of light through
• prism.

Place the prism on a sheet of paper, and with a fine pencil
draw lines along the sid - ±B, AC. Then stick in pins at P

and Q, preferably not far
from the prism, and so that
the triangle APQ is approxi-
mately isosceles. Look with
one eye somewhat in the
direction RP, and move the
eye until you see P and Q

apparently in line. Then put in a pin R, as far from P as the
paper will allow, and so that it also appears to be in the same Une.
Now go to the other side of the prism, an-l .. -king in the

direction 8Q, move the eye until Q and P appe.. ^ be in line
and iD'^, rt a pin 8 in this same line and as far from Q as'
convenient

Remove the prism and the pins. Draw a straight line from

^ to P and produce it to T. Let it cut the side AB in D
Draw the straight line SQ, and produce it to cut AC in E and
RTinO. Join BE.
Then it is evident that light which passes from i2 to P will

enter the prism at D, pass through it along BE, emerge at E
and then travel along QS. In this case RT is the original andQS the final direction of the light-rays. and TOS is the an«le
through which they have been turned by the prism. This^is
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called the avi^h of deviati(m. Measure, with a protractor
this angle and also the angle BaC.
Copy the figure on a reduced scale in your note-book.

metre ^r' =~®'™P^* microscope* held on a retort stand, a miUi-

The simple microscope consists of a single converging lens
or of several such lenses combined. In using it the eye is
placed close to the lens, and the object to be examined is
moved up until it is seen with the greatest distinctness The
ratio of the size that the object then appears to have to the
size It appears to have when held at a distance of 25 cm
from the naked eye is called the magnifying pmver or
'magmjication.

A convenient method of working is as follows. Lay a
milhmetre scale S on the base of u retort stand and hold the
magnifier m a clamp at a height of 25
cm. above the scale (Fig. 91). Under this
arrange a card C in which a square aper-
ture has been cut. The breadth of the
aperture may conveniently be about
one-fourth the focal length of the lens.

Measure the breadth carefully with a
millimetre scale. Now bring the eye
close to X and adjust the card C so that
it is seen through the lens distinctly.

Then, keeping both eyes open and "oniiiT^SdiliJieS."

having one close to the lens, observe the hole in the card
through the lens with one eye and the metric scale directly
with the other eye, and note the number of millimetres of theo«-i. which correspond to the width of the hole. Divide this

'^"i-jjifijff

. 11 . IJ IIMIII.IIIIIIILT.^

Fio. 91. -Finding the magnlBm-

scale

f1

1

•aLStrssri s.s^brassr^'^i.- • "--»-" ^~^^^^^^^ in

11
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r

number by the number of millimetres in the width of the
hole and the quotient will be the magnifying power

J^Z\T^T *^! ^°^^ ^'"^'^ ^ *'°^- «f *^« Ien8.-which
will be the distance from the card to the middle of the lens-
and see how closely your observed value of the magnifying
power agrees with the theoretical value 25//

» J- s

^•rci^ 87.-Piad the ma^niiying powtr of a fIe«ope. (Text-

Apparatus :_A small telescope or « spy-glass," a metre rod.
Place a metre rod on which the divisions are clearly marked

at the far end of the room. At the near end have the tele-
8«)pe held ma stand of some kind Turn the telescope on
the scale and focus it so that the divisions are seen distinctly.Now open both eyes, and look along the telescope with one,
through it with tlie other.

At first it will probably be difficult to get clear images in
the two eyes at the same time, tha seen through the instru-
ment appearing so much nearer. But by imagining that
image t. be at the far end of the room, and flussing the
telescope with that idea in mind, affer a little practice you
will be able to see both clearly at the same .ime.
Adjust the direction of the telescope until the image seen

through It IS m line with the scale seen directly, and then
observe the number of divisions seen through the telescope
which correspond to the entire metre rod.
The magnifying power is the ratio of the total number of

divisions on the scale to the number in the image which
seem to cover it.

It will be advisable sometimes to have a scale longer than
a metre, and a second student can assist by putting two bands
of white paper about the rod and then, following instructions
from the observer, move them apart until the space between
them appears to cover the entire rod. In such a case the rod
need not be graduated at aU.
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Apparatus:—For thia a^r^^^ j.

lenses, one having a JlenTh TfJ.
''^

.n*»"*'^
''^^ converging

being 3 or 4 cm. ^ 1 «^^vem"?t ob^^^^^ .
^ """• *^*^ "^ *''« °^^«*

the printing will be
inverted nnage of

seen, on that side of ^fi ^the lens next the ^ ' ^^
observer. Move a
knitting needle on a
stand until it coin-
cides with the image ^.^.

e.^e the. wm be no ™„«o„ of one^::!:^ ij^T:^:^::

needle distinctly.
^ ^^'^ ^^"^ ^^ **»e

In the ordinary opera-glaea the objective is a convex kn«

with foc»l length of abont 5 em ^ """ " •""™™ ''™

As in Exerciw 88 obtain an image of the obj^rt thr,u<.h thelo.«-f««. lens, and adjust the knitting ne^ie to ^inJl'

Fio. 9i.-A model ofm Mtronomical Ulwcope.

r
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Then place the concave leas betuKen the needle and the
arger lens at about its focal length from the needle. Remove
the needle and phice the eye close to the concave lens The
image will be seen at once, ana a slight adjustment of the
concave lens will make it distinct.

(TiXT-BooK, § 416.)
Exerciae 90.-Oonitruct a compoimd microscope. ,

, , ,.„.;

oftCtTLVT^^r^ 'f
experiment use two Himilar convex'lenses

TK.t,n h. .^^u 'TV®"»^^ *"^ 1 «™- or more in diameter.

l^nl^^T ,^'•''",^0'^ holes a little smaller in diameter than thelenses, and fwten a lens to each cork by wax. Mount the two corks

^wiUtour obS^l*^
^^- ^^^ ^'"*" P'^"* - '' "P°» ^ -^^ :

tS:

Approach one lens towards the paper until it is about
double Its focal length from it (Fig. 93). A real inverted

no. M.-IlliMtr»tlng the conrtruoUon of •compound inloroMO|M.

image Will be formed; adjust a mounted knitting needle to
coincide with it. Next, adjust the second lens so that an eye
close behind it sees the needle clearly. Then remove the
needle, and a magnified image of the print should be seen.

If the print is brought nearer the first lens (the -objective)
the eye-lens must be moved farther away and the magnifi-
cation will be increased; but this must not be carried too far
or the nnage will become much distorted and indistinct

Instead of holding the lenses on separate stands, the corksmay be inserted in the ends of a tube about 4 or 5 times as
long as the focal length of a lens. This can be u.sed aa a
compound microscope.
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(T«xtBook, II 400.

^BrerdM M.-Bxptrlm«ti with tlie ip^struiii.

vision instrument "^^Tll be qSite satiZtorr
''"""'' "^ " '*"'"

seenX;:!:^^^^^^^ ^^
^''^^ ''' ^^- ^' ''^ «P-t- are

irL^'^^'''''T
'^''^'^- ^^^^ ^^°^« t'«« ««t Of the spec,troscopo a g,v8-lla,ae. a candle, an oil-lun.p or an electrLS

^. 5r^/t^iin« «p.c<m. Have a Bunsen flame (or SDiritlamp) a few inches in front of the slit of the s;eSL^ZDo you see any spectrum ? While you are lookiL t3:the instrument let another student hold in fh« fl •
*^

Now try pieces of aabestos which have been dinned insolutions of the chlorides of lithinm thaUiu.n .,?'T
calcium IWribe the spectrum seenTn e^w' TZ'^ithese latter substances did you see a yellow band hkrfhat

.
3. Absorption ^tra. Place before the slit of the snect,^^pe a very mtense sou^e of light, such as the o.y h;C^hmehght or the electric are Hahf Tk x

^ 'vurogen

continuous.
^^^- ^^' 'P^*'^"* ««en is

Between the intense source and the slit hold (1) a piece ofruby glass, (2) a deep blue glass, (3) a vessel wifh rlf^
«des having a dHute solutiof of P^ln^Tp^^t^^^^
Describe the spectrum in each case.
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Next, between the source and the slit place a Bunsen
burner, and in the flame hold—on aHbestoe or in a metal
Hpoon—some sodium salt, or, better, some metallic sodium.
We might naturally expect that this intense yellow flame
would add to the yellow in the spectrum, but quite the reverse
happens. There will appear a dark line in the yellow. Hold
a screen between the source and the Bunsen flame and the
bright yellow line appears again.

Thus sodium vapour emits yellow light, the spectrum of
which is a single line,* but when light from a hotter source
passes through incandescent sodium vapour, so much of the
yellow light is absorbed by the vapour that the lines appear
dark in contrast with the bright background.

Point the spectroscope at the sun or at a bright cloud.
When properly focussed, and using a narrow slit, a great
number of dark lines are seen. These are due to absorption.
Can you suggest wftere the absorption takes place ?

Describe all the experiments, with diagrams of the spectra,

in your note-book.

*In a more powwfal qwotroaooiM It will be found that tlMt« m« rwOly two Ubm eloM
togathar.



Part VII—Electricitv and Maonetmm

Bx«rcli« 92.-Btndy the field about » nugnet. (Twt-Book. §429.)

APPABATU8 :—A bar-magnet, a jeweller'n compass.

Pin a sheet of paper about 60 cm. square on the table, and
lay upon ,t a bar-magnet 16 or 20 cm. long, the N-r Ae of the
magnet bemg towards the north (Fig.
94). With a sharp pencil draw a line
about the magnet.

Place a jeweller's compass (with
needle about 1 cm. long) at the
north-east point of the magnet.—at
the point marked / in the figure.—
and with a pencil put two dots on
the paper close to the compass case,
such that the line joining them is -^--
directly under the needle. Remove the compass and placea smaU cross midway between the two dots; this locates
the position of the middle of the needle. Then place the
compass so that the ^-end of the needle is over the farther-out
dot, and make another dot at the JV^-end again. Make a cross
between these, and then move the compass to a third position
Continue obtaining dots and crosses in this way until the
compass arrives at the edge of the paper or back at the magnet
again. Now draw a curve passing through all the crosses.

^'L- wu "i? "K""'^^
arrowheads to indicate the direction inwhich the J\r.pole of the compass pointed.

Then start at the point marked 2 in the diagram and obtain
another curve in the same way. Continue this, beginning at
other points along the east side of the magnet; and then do

Fio. M.-notting th« iteld ot a
Iwr-uiafnet.
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t

n

the »me for the point, along the we«t »ido of the inMnet In

mir7 "^ " «»rv« nwning f„„ every portSn of the

i3:LuhT.":^e':.
"'"""' "- ''"""°" <" «•• "- »'

aZT' ^\ 'fr °! '^ *""*' "" "»«"" •'"' •«>*'«'• iron
filing, evenly but not too thickly over the gUm Thi. m.ybedone by mean, of a pepper-box or a bag of muelin held a

•«i.t the Aling. to arrange theinwlve.. In place of the elanone may uw a .l.eet of paper, kept level by bit. of wood.
In addition to the above, obtain figure, with the filing, inthe following c«cM«) Two bar-nagnet. with their .,« i„

(6) The wme, with hke pole. f«ang each other, (c) Stand an»p.et on end and re.t the gl«„ plate, in a horizontal plane,on one pole, (d) A horae-shoe magnet

fo^l^J" r" '^'^^ "" ^^""^ *"»'' l-y ">e line, oflorce m the above Hve cases.

i» p*in with •ppe.ii. po|„ „^ tonthtr, Md • •olt-lron ktnwwow

•T^SSSrif^n? **• "*« «« l»«P«tl.. Of ma^rt^

1*^"';
. ^ ri''""^

"^'°' '"•'»»«"'». ""I-", iron Muig^

(u, Sfect of broking « ma3„«. with a threesiomered
file Kore a long darning needle at pointo

J, J, 4, J, „f j^length from one end. Then magneti^ it h/at^k „g a wilhone pole of a bar-magnet Teat it. polarit^ by appLching
each end to a coinpa« needle. Mark the iV^.p,,,,,^^

«

P.»ffin wax, or by .ticking a bit of paper to irwith^Jwl^
• u

""^ iron filing, on a paper, and imn.er.e the needlem them. Then Uft it up and note to what part o? it 1S!e
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» l-lf ag«„,T„d «p:^t the ^t ' if'^^.r
»f ">« piece.

•nd teet
"^ """• " P<»«ble. break again

thiT with theJX &rt r'
:"'

'
«"'"• ''•«*

Now .t«ke it fp^n»d toT,. I
^.''"" •"'y f^^^y >

with o». p„,e ofTmale^ .„d ^7' "•' "" "'"" ''-«™.
»»- it exhibit polaSrCwT 41T" "'* ""> """I**
teet again.

*^ ^ "''"
' '"'»''» " "P thoroughly and

State fully what you have obwrved Wl,.t , •

would you reach a» to the m.™.." \ "*' ""•'''"ion

of iron? ° ""«"''*"' Propertie. of the moleculea

<"«n>ing needle in iZ m^L.^l ' P'.f! °' "'«»»«»<i
Bun»n fla.ne and tr. witfthe fll

".'° '*'"'« '" «
-u.^ What effect h'Lhring:p!:;r„J^- '"«'"' "»

J'.^JTiSTn'd^^rrd at'l*r "' -"'«"»
i«>n filings. Doee it attr^jUhemf " '""f' ""' "»«
Neit, hold one end of it near one pole of a «t^

.

and approach the other end to the flHn J^.
?"« ""«»'"

Remove the magnet. Do^TtWaaff^T- ^ ^^ '^''""'

teat with a con,iL if Th^ ,!?' 5 ?
'"' *'"'S»' C^r^Mly

K it does, hold u1u[nEZlt'^"'^ '"""'^ " "'"^

several times. Then test »t.,n WJ7 " "'"' ""''« "
the condition of a piece ofZ^ „K^ •

/°" "'"''»<'« « ^
field r

'^ *^ "' '"" '"'»«'' " « Pl«ed in a magnetic
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Take a rod of soft iron IJ or 2 feet long (a poker will do),
and, holding it in an E. and W. direction, test with the compass
whether it exhibits polarity. (Test for repulsion.) If it
does, hold It pointing E. and W. and strike it sharply several
times. Test again.

Then hold it in an almost veriiical direction, with
the upper end tilted a little to the south, and strike it
with a hammer several time& Now test for polarity; in
doing so, hold the rod in a veridical direction Does it show
polarity? Which end is the iVr-pole ? Can you account for
Its magnetization ? Repeat, reversing the ends of the rod.

Can you draw any conclusion as to the probable arrange-
ment of the molecules of iron in a magnetized and in an
unmagnetized rod ?

BoSrr§*J!l.^^*"*^
electrical attrition and repulsion. (T^t-

APPA11ATU8.--R0da of glass and sealing-wax (or ebonite); pith-

fl^Lr^
by a .silk fibre; pieces of silk (best quality) and

Bring the glass rod near some bits of thin paper or saw-dust
or bran. Do you observe any action ? Try with the sealinir-
wax. What result ?

^

Rub the glass with silk and try again. Then rub the
seahng-wax with flannel and tiy it What results in these
two cases?

What is an electrified body ?

Rub the glass and bring it near a pith-ball. What action ?

Allow the pith-ball to touch the glass. What results ? Bring
the rod near it again. What effect ?

Rub the pith-ball between the fingers and also rub t^e hand
over the sealing-wax. Bring the sealing-wax near the pith-
ball. Any effect? Rub the sealing-wax with flannel and
bring It near the pith-ball. What result ? Let the pith-ball
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state the law of electrical attraction and .^puldon

I.^S: •^-*«*' • -»««''»« «IUic ca ,T«.B«,.,

wires widered or ofte^^-'S^^^ /"l" "l* "VPr

•cid to 20 CO. of water T^^-- <' <'<^ »' strong

-0,1, into the wa^'ISrrii" .SlS;r '"'^

whSr ;s!;:ii«s!.pi;? oTLeL'tn^i^-r^lated wire wound on a. frnm^
°®^®"" *«"»« of "»su-

When wiVkL wSh^fe l^r^^*"**"^^**"* <^* 97). ^^OiP
that the eoUsff-?::,^^,^^^^^^^ --A^...

P ^i^ ig. yS). Rub the copper strip with sandpaper
until that part which will be
immersed in the acid is clear
and bright. Place the zinc
stnp in the jar, and observe
Its surface for a few minutes.
What change takes place in
the appearance of its surface?

Place the copper strip also in thelid! hoMi': ^Jj^^wl'the zinc and near it. but not touching it D^ea the nlof the copper in anv wav ftff««f fk u ® presence
PF« in any way affect the phenomena just observed ?

"S^^SH-SSSS

1^

I'
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i

I'

F16. 97.—A tMigent (•Iranometer.

Does any change take place in the appearance of the surface of
the copper? Next join the two copper wires to the terminals of
the galvanoscope. Observe and record what happens at each

strip. Note also the behaviour of
the galvanoscope needle. Tap the
instrument gently to help the
needle to overcome the friction

on its bearing.

Next, disconnect the wires from
the galvanoscope, remove the zinc
strip from the cell and amalgamate
its surface by dipping it for a mo-
ment in mercury and then rubbing
it over with a tooth-brush or a
cloth. (It will be convenient to
simply substitute an already amal-

gamated plate for the other one.) Shake or wipe off all
superfluous mercury and weigh carefully, but protect the
balance-pan with a glass diah. Replace the zinc in the cell. Be
sure that no mercury a)uches the copper plate at any time.
Observe and record the action now taking place at the surface
of the stripa

Again connect the strips to the galvanoscope, and observe
the strips and the needle as before. Take observations of the
deflection of the needle every minute for 6 minutes.

If there is no decided change in the deflection during the 5
minutes, take the copper strip out, rinse it and scour it with
sandpaper. If the acid is in proper condition the strip will
look bright when removed from the acid. Replace in the acid
and observe for 5 minutes as before. After allowing the
action to continue for about 10 minutes remove the zinc, rinse
off the acid and carefully weigh again. Has there been any
chemical action ?



A TWaPLUID VOLTAIC CELL ,^,

(tSS;.u^^.f "^"^ "^"^" » >"»'•»' of mrtah.

vwuu ux me need
; the samem each casp ? Tf a^ «.k *

ea^h ca^
? If not, how can the difference be accounted for ?To answer the last question, consider the case of th« ^'n.copper and zinc-platinum cells. Wh«« lu ^

^°°'

difference in current .t.;;rbyL2'er;:.i:::r„o:rKno^on what theory w„„M it be p«aible to aocoultt H,Next, connect the plates of a zinc-iron cell w!H. *!,. i

'

di«»tion^Tthl'v;;:ti'„L^l'' -"i:- °i5it
-* ""

now flow in the «.me direction «, Wo™ .^ ". '"""™'

you account for the diflerence in Ti^Z ""'' "°" '*°

Arrange the plates tested in a potential or
electromotive series.

Prepare a Daniell cell. Pnt the zinc platem the porous cup, and set it and the copper
plate m the outer jar. Pour into the poZscup dilute sulphuric acid (1 C.C of aiid to -^^_
nour ! °f "?

r^'
?"•! '"*" "'« <»"«' vessel ".. ^-TC^

(F.g. 9a) I.t .t stand for a short time in orier that the
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•i

liquid may pass through the porous cup. Then join the plates
to the galvanometer and note the reading.

Remove tlie copper plate, let it drip for half-a-minute (but do
not wipe it) and then weigh it. Protect the balance-pan with a
glass dish. Replace it in the cell. Wipe the liquid from the
glass dish on the balance-pan. Lift the zinc from the acid, let
it drip for half-a-minute and weigh it carefully. Put it back in
the cell and wipe the liquid from the glass on the balance-pan.
Again join up to the galvanometer, recording the time when

you do thia Tap the galvanometer slightly to assist the
needle to reach its position of equilibrium, and when it has
come to rest record its reading.

Record the position of the needle every five mmutes for half-
an-hour. Then disconnect from the galvanometer, recording
the time you do so. Weigh tlie metal plates again precisely
as before. Calculate the amount each plate has lost or gained
per minute of the time when the cell was in operation.
The zinc plate should be amalgamated, but not immediately

before the experiment. The mercury might drip off during
the exercise, making the weighing of the zinc useless.

Exercise 98.-ElectroIyBig and electroplating. (TktBook, §§483,
484, 487, 488.)

/. Electrolysis of water. The apparatus illustrated
in Fig. 99 can easily be made by cutting off the bottom
of a wide-mouthed bottle and then inserting platinum
electrodes through the cork.

Pour melted paraflSn over the

cork to insure that it is

water-tight and to protect it

from the acid.

Nearly fiU the vessel with m ».-a dmpta form of .ppi^ta. for

dilute sulphuric acid (1 C.C,
•leo»roly.i. of w.ter.

of acid to 40 C.C. of water), then fill the test-tubes with the
same liquid And invert them over the platinum electrodes.



into ie. ^he .p„;jC!: ;it«r:r. £:"«
'^"-"^

For anode ^sea^p^erpllT.f'''"^ *" '°° '" ™^0.
bmsa object. TiSS -^ *! ' °*"*'^" *" '™' -«« »• »
with saijpape. Twit^Z T'""^ '"'''"'^- «"•• ''

itshouldbrrppedinaZr^T •

'"^""'' ''"' « »««'««'•/

and the copper pU.te aa LT1 ^ ?'
X'";' "^^

.f "^Je
oarbon or copper plate of the batteryt' 1°

t *
""'' *" ""'

for a minute Lift. H,« „ -i
^"^y>- ^^t the current run

it Record anytian^'
""' °"' ^' """ "o'""- and e«n,i„e

Then reverse the direetion nf ^k^
IS ".i-ute. The eleS: IX'S'ortT'T Tt.«e for exanunation. Record an", ch"^.o"j '""' '"

''^^'5^°''^'(En-^r;;.t^)! g.l..noo„.er, .*,„„,
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Fio. loa—A copper TolUmeter.

The copper voltameter consists of two copper electrodes
immersed ,n a solution of copper sulphate (100^ns of copper

sulphate to 600 c.c. of water). Fig.
100 illustrates a common form of the
instrumfent. Clean the cathode with
sandpaper or emery cloth, and care-
fully weigh it. Then place it in the
instrument and puss the current
through the solution for 15 or 20
minutes, which time must be carefully
observed. Then remove it and wash,
dry and weigh it again. If W grams'
is the increase in weight then the cur-
rent C= F -f- (0.000328 X amperes,
where t is the time in seconda

In performing the experiment join
the voltameter, the galvanometer and

the cell in series. Watch the needle to see if it remains steady
and, several times during the experiment reverse the poles of
the galvanometer so that the needle will swing to the other
side. Observe the deflection of the needle every minute, and
take the average of all the readinga Let it be n".

Now the strength of the current passing through a tangent
galvanometer is proportional to the tangent of the angle of
deflection, i.e., C = k ta.n n\ where ^ is a constant for the
galvanometer.

Having obtained C by the voltameter and tan n" from a
table of tangents (see page 125) substitute these in the
formula and find the value of k

It is evident that if we know the value of k for the
mstrument and we observe the deflection we can at once
determine the current in amperes.



"AONUTIO EFFlWr OF AM ELECTRIC CURRENT m

A diagram of a simple one is
shown in Fig. 102. ^, B, C, D are
bindmg-posts and a, b, c, d are holes
in the wooden base, in which a
small amount of mercury is poured —^^_ >^-^ ^Br^ strips connect ^ to a. i? to -^^.^^^^^:^
o, t Ob e, D to d. By means of

«oMofaoommota&r

circuit 2. 1S:JTfz r^ "^-'^ -' ">«

WhM, the connections are made «, shown in Fi„ lft» ,kcurrent con.e, fton. the pc«tive pole „f the cJh ,!§^t;
mJ
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t

«•

w»y of c. b and B. travet«8 the circuit in the direction J» E Dgoes along rf, a, ^ and then back to the cell
' '

If no„ we join « and b and d and c. the current wiU go outat /)p^ around m the direction A E. B. and after tmv^ing

t: *" .^."^ *° "'" """• ^'"" "•" commutator allow!

ZITed''
"""" °' '""' ""^ "' ""> "'-'" '" "•o

Join up «« shoM-n in Fig. 101. Stretch the middle part ofhe w.re rtra.ght and hold it over the compaas needle « thatthe current paeaea from S. to N. Note the effect on the needle,and record the direction in which the JT-pole is deflected iewhether to east or to west
neciea, »*,

Reveree the direction of the' current and again record the
deflection. O course the experiment can be^rforme.1 with-out a commutator at all, by reveling the wire over the

rC^wt"'"
~"'"™'"°'

" ^-^ ---'-' •'''- "^4 •

flol^fL: N. ^T™"'
'"*"" '""" ' *" ^•' <^> '"^ ''

Pl«e the compass on the edge of the table, or on a bookstaudmg on end, and stretch the wire in a vertical position

when the current i, flowing up and also when flowing

Make a loop in the »-ire and hold it so that one portion isabove and the other Mo. the needle. Recorf the S^flection
(I) when the current goes above the needle from S. to N (2^^to rt goes from S. to N. below the needle. Is there'«,;
d^rence m the amount of the deflection «, compared with
that obtained without looping the wire?



MAONCTIO KFFEOT OF AN ELECTTRIC CURRENT „3
Record your results as follows :—

Onmnt nowiny.
WrwUon of Drtlectlon of A pole.

From -y to 5 above.
From StoN above.
From NtoS below.
From Stoy below.
From NtoS above and 5 to JV below*rum 5 to J\r above and NtoS below'
i>ownward« in a vertical line.
Upwards in a vertical line.

wie neeaift
( Text-Book, 8 498

)

which the cur^nt « fl^w^rXo .^^^ t "'"""".' '"

change the oonnectioiu, of «!,. h ..
' *' °"' »"«'™'

the t^ninals^^0^1*'" h'^'^' ?°™"»8 " "P «" that

»whioh<ujri::?ht^.r„rfl„t
""'''""'"''''''' '''''*™'-

cordboaM a short .t™i2 •,,-'" T"™ '* »"<' "'"'' "" "'o

<".»te the .^.rrllrtheTpIS"" "" " '"

the direction of he Tlrw th. T^ " ''"' *» '»*«'«
Will be ««n that thfti o^W twt t"

""'""^ "
cirelea *"""^ *^e current are

i)

lid
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1 1 MlU-«iU4.)

Apparatus :—Ia«ulated wire, iron rod., battery, oompaM, tacks.

Wind insulated copper wire (No. 22 or 24) in a close spiral
about two soft-iron rods about. 10 cm. long and 1 cm. in
diameter. Leave 15 or 20 cm. of wire over at each end.

Join the ends of a coil to a battery of one or more cells,
and see how many tacks the iron will pick up. Stop the
current; how many tacks will it lift now ?

Start the current again, and with a compass test the nature
of each pole. Then reverse the current and test the poles
agam. Look aUhe J^T-pole and trace in what direction the

current is flowing. Do the same for the
5-pole. Record the directions as in Fig.

103. Put an arrow-head on the curve
above thf* N and the S to show in what
direction the flow is in each case.

Next, join the ends of the two coils so that the two iron
rods will act like a horse-shoe magnet Draw a diagram (as
in Fig. 104, but for the two magnets) and

.

mark on it the direction of the current ClXQjQ!^
flow and the resulting polarity of the -^

iron. Test the attracting power of this

double-magnet with small tacks.

Name any electrical instruments in which electromagnets
are used.

Bxweise 102.-Stiidy the constmction and action of an electric beU.(TcxT-BuoK, § 512.)
^^

Connect the electric bell and push-button with a dry cell
(or other battery), and examine the behaviour of the hammer
as the circuit is dosed. Trace the current through the bell.
With a compass determine the condition of the poles of the

electromagnet as the hammer moves towards the bell and as
it recedes from it

Fio. lOd-Indkatto by an
Arrow-hMd on theourv*
the direction of the cur-
rentprodudnir the pole.

FiQ. 104.—MMt on the dift.
KTMB the direetion of the
ourrent flow and the rtiolt-
ingpoUritjr.
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j

push-button. ^ "° "•" "»"'« W'tl' the

to -how thet::: oSreuZe""
"""""• "'" »">''" -"

"

I^aw a diagram and- mark nn if », • .

throughout the cireait
' ""* """"^ "' ""« """"t

(tS!S. Mi^.f*"*'
"" «" •'• «Itm.t« „d« ««„rt.,.

4''^'"'oC::f;:'2iz:xt'^'7-- *» the

them remain connecter! fnrVT, • ! ° ">»'"««'8nte. Let

on the instrnmenrevty minute"" wi^t''"''' "^'T'^'"^
the current ' T. it H„. f„T •

"""^ ">« "''"•go in

increasing LsLeef
""'^'"^ electromotive for^ or

NovT substitute a Daniell cell fc fk. ^
similar observation, for 5

„!""/' H 'wdJS th W T"^!

'

compare with the dry cell as to P MP T "»"»«" ^H
current. con8t«,cy ofcrrlrt? ' '^"'^^^'^ of

i'
I

a H
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1)

Join t^ro Daniel! cell« i„ aeries and ob«erve the RM.P .„dcurrent strengtii.
"-inr. ana

Then join the two cells "in parallel" and repeat the obser-vat.on. Compare the E.M.F. and curi^nt ntij^gth with th.^
values of thuHe quttntitien in the l.iHt caHe.

(Tkxt.
BxtrdM 105. -Study the eurmti iaducMl ky a m^mn^

«nd . b.r.>„.gn.t. Th, ,p«,| „„« h, Llo™ ™U thK," ^^ .'

n«iy h. thru.t through i,^„d 1„ w„„„, il'.°;h 1
'

'» .hi!»Sfdinction of . oiirront through it n,.y W tmoid ^ ' **

current through the galv«„„,„eter and the direction i„ whteht» moymg co,l i, thereby made to awing. To do M^tw.two wrea to the galvanomeU,; wind the fnd of one o tC
end of the other wire into a ve»«| containing water with adrop of sulphuric «=id or a grain of common ^It in it Thi^

;:"/Ze:r
""• """" """"«''• ••""''-• 'o •'^-^ «•««

Observe at which terminal the current enten, the galvano-meter and he ^ulting directi„n-to right or to leftf^rf "h^novmg a,d Recorf this i„ y„„r riote book. Havi^TdonetU .t w,I be poss ble, by oWving the direction of th*thrwof^e galvanometer, to say in which direction the cur^nT

1. Now discard the cell and join the galvanometer wires tothe ends of the spool of wire. Thrust the J\r.pole of 0,rh!^magnet i„t„ the spool of wire, at the same^me wUhWcarefuUy the galvanometer. Was a current produced i Howong did ,t last I Such a current is said t, be produced W



CUBRENT8 IKDUCKD BY A MAONBT
jjy

current p««d find out which f«» „ T ?
' "'"

i^-poh> .nd which . .-H. nLz:i^uXJz7'Vor as pole which wa, p^lucc.1 „, the AT-^U „f h
' ?

approMhed it. If it wm , AT «,|„ j, ,r ,
"""«'""

and thu, tend to .topr^ott'!^''''
'^" "•"'"" ""«"»'

Repeat this experiment, thrusting the JT-nolo I., wi.i

ooi ? Which is now th^ v i 1 .
' I^'" '"^^'^ tho

«...-«.z"^:r4^-.-i:'jzr,-

to rest. Then quicklv withH?! !u
^"''""'o.neter to come

«on ia the ind'^S'^u"^ rnl* -;»f;>^'-h«t *„«.
motion of the magnet? ^^^ °' "»'»' "-e

_^Perf„m, ei.„ih„ experimente. ™i„g ehe S-poIe of the

State a rule as to the direction nf *».« : j ,- Of relative motion betrn'TL!;::''^;^'^^

inS i:frLrid'-ij-^LXe"" '-'" -- -"^ -^

another coil with a large nnmL^f/''^"""""''
"• '^

co« of eoft-i^n. Join irte^fn^, ^ t^",
'""""' "'" «

arrange two bHr-mamrf^ „^ ,-, ° galvanometer, and

theeoUbetwee^ther
""'""' ^'-^ °PP°^'«- Hold
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'js

i '

V

' m

i

^^y>?-foar podtioM of •
poH In which a current U
induced.

First hold it in position a Fig. 105 and then quickly turn it

>vl «»» rs~(a) ^ Posifciou b, watching sharply the
^ ^ galvanometer throw. When the latter

has come to rest quickly change the
S (b) coil to position (c), noting the galvano-

meter again. Then, in succession, turn
to positions d and a, noting the gal-
vanometer both times.

If the coil were continuously rotated
in this way what would be the direc-
tion of the current during a complete
rotation ?

EjerdM 106.-Study the currents induced in one coU by cuirents in
another. (Tkxt-Book, §§62i)-.523.)

Appabatus :—One coil, which is called the aecoudary, should 'wemany turns of wire and should 1« joined to the galvanometer. The

the form"**"^"
*^ *^® ^"*"**"'^' ^***'"'^* ^ ^•"'*" «nough to slip within

Join the primary through a commutator to a battery of one
or two dry cells.

(1) Start the current in the primary and watch the galvano-
meter. From it determine the dircn tion of the current induced
in the secondary. Break
the circuit and observe
again.

Reverse the commu-
tator and try these ex-

periments again.

(2) Phice a soft-iron

rod through the pri-

mary and repeat these r.«. lon-o giUv»n<»,efrc^n.uutor, Bbiaterr
experiments. Do you p pHmwy, s •eoorHUo.

observe any difference in the results?



STUDY OP THE TELEPHONE
jj^

(3) Remove the primary from withi, fi,^
teep loth on the L Z Tp^Mh. tL~l atDo you observe any difference from (2)

.

' ^'^

experiment. Do you obeervrn^^S-e^T;PE^' ""

Pnt together the parts of the machinB If •. •

test it with a volJc cell If IfT t " "' ' '"'^-

galvanometer, or small IL/ , ' '^'""""°- J™° ' t""

(T.«Si; ',1fef*^
*^ «««tructt„ «,d action of th. Wortona

(f-'i^rrooTriX^H'Sdrto'^™"'' ^^-^^ -«
you <»n hear worfs spoSntoTe ott!"

^°" '" '"" "^ »

otherendf'^rawadt^^I ." '.',"' '«-™«ed to the

„t • • !u
diagram to show the connectiona

liatener^s ear^
^ "'' sound-waves received by the

; f
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Apparatus .wWirw. „oi

spools (Fig. 1^7*° tei!'^ should be woun

*0 feet lonir mpr™ ® *? °"® P»e<» of No

the Ljger y^ should be rfi. "^ '''^"'W' «
*«» of the .nwller.) S>ubte tiT" • """t^itioB» • "pool which h„ bin „ JL"!" ""I »»<)

on it for meMur-
'*"•"*"-• Join a Danieii cell « fK •

mutator O »nrf . ' *® *"« W'. « cou
%• lOa Take the JdW :f*:l™"T'*' « « shoC i«e""y a, usual to aaeist the feei', to;^™""-*"' ''P'""'

^u,-.^^^ ^''^P®'" position

Reverse the commutator and ohf ,.^•^ «<ie of zero. Tat 1^° """ '^'« <»• ^e
readings. ""« *»« mean of these two
Then remove the coil an,I :„ •. .

"•d »dj-«t the resistance untU thi""?
*•"' '"^»'»''« boic.

«.me fading «. before. The re^LL^'™»'"»*'«' gives the
eoorse be equal to that of the^ ^ nT "^ »»»' of•^npng the .ppa„tus, tol~ ". k'

"'"
"f

"""venieut, in
°»y ^ put in circuit ouly wh!„ i,

-^ " '*»' '^^ l»'tery
armnge the connections so thaTvoo " T^"^ «nd also to

^
the resistance ho. very ««^i? Fir,^**' '~"' ""« «>"

three coils. ' ^^'^^ ""d the resistance of the



B^I batteiy.

' wound on
™»n silver
=>' No. 24,
npound of
nbh that
Position as
d wind it

' paraffin,
f the wire
not soak)

a com-

^own in

tapping

osition.

a the

two

' box,

I the

it of

it, in

tery

5 to

coil

the

THE RESISTANCE OP A WIIJE

res^r
""" "•—'"» -d take the ,„oa„ of y„„

»«=«on. Are thL wl veffitj^h^
"'"'"'""'^ « "«> <^-

(Calculate from vo„r Z„ .
^ ^'""" ">«»»»'-oments ?

be, and ^dj;:^'^,^^'"^ '" »*"- -^ '" Parallel should

wSnjJfs:;^''^' "^»"" Of a wir. by th. Wheatrt«..

B c'te-l" '"
u'T"' ''"''S* « P™n in %• 109 At ^o, o, iy, A, ^, Q are bindimr-Doaha Tn,^ i ,

^^ ^'
is required is inserted ^ '

*^^'^ ^^°«^ resistance

between^ and 5. and
a standard coil, whose
resistance should not
differ very greatly

- from that of a; is

inserted between C
and D. 8 ib a sensi-
tive galvanometer,—
preferably of the „^

ott?r::s7t?.s;::':„rar^r ^ «•-
between B and F Th7« • n ''"" ** ^^ stretched

et'rrtt ;:?„,; tr \t"'^"^- ^ -°"

distances of ^Co. ll^^jt* '^ '" "^P"^- '^'"

^^ m i and i- are measured by the uietre

ro- "w-Diw™™ « . !.„„ M Wb..«„„.M^
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fc,.iS,

4I

I

When all is ready make contact at II by pressing the slider
H, and then press the key K. There will probably be a throw
of the galvanometer needle. Vary the position of H until
there is no deflection when contact is made.

Then measure a and b, the distances of If from E and F.
From the principle of the Wheatstone's bridge (Ohm s Law)

a
-5 = £-. or a; = aR
R^ b'

from which x is at once obtained.

As an exercise, measure the resistance of an electric bell, a
telegraph sounder, an electric lamp.

Exercise 111.-Measure resistance by using a voltmeter and anammeter. (iBxrH-iOK, §§ 6I6, 646-548.)

Join the ends B and G of the wire to be measured to a
voltmeter V (Fig. 110), and also in series with an ammeter A

and a Daniell or dry cell D (or,

if the resistance is considerable, of
several dry cells).

The ammeter will indicate the
strength C amperes, of the current
flowing through the wire, and the
voltmeter will show the difference

in potential, E volts, between the
ends of the wire. The wires join-

ing B and C to the ammeter and
voltmeter should be of heavy copper.

Then, from Ohm's law G=E/R, and having measured
and E we obtain R in ohms.

If possible, use a wire whose length is known, and measure
its diameter with a micrometer gauge. By consulting a table
of resistance of wire of different sizes its resistance can be
calcuJp^;ed. C!ompare this with your measured result.

rie. 110.—MaMuringthe iMisUooe of
the wire BC by tneue ol » rolfc
mater V and an ammeter A.
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Fio. Ill.-showlng the
copper Mid sino pUtee
oloae together.
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Bxtrciae 112.- Study the resiataace of a battery.

8Wton^''C''T?'''°
^"'^'" ?*"*' galvanometer, commutator re-

iar'^ann"'^
^^^ Porous cup over against one side of the outerjar. and move the copper and zinc plates until they are ^

neartogetheraspos8ible(Fig.ni). Record
^

the reading of the galvanometer. Then re-
verse the commutator, read and record again.

(b) Keeping the copper and zinc plates
the same distance apart, lift them upwards
until ejvch is immersed in the liquid to the
depth of about 1 cm. Read the galvano-
meter; then reverse and read acrain

(c) Next, keeping the porous cap in the same place out the

meSlhtir " r""" <'^* "^> KeadTXntmeter, then reverse and read again.

2. Join the two cells in parallel (i.e., zinc
to zinc and copper to copper) and put themm circuit with the galvanometer, commu-
tator and a resistance box. Then vary the

^,;,^^ resistance in the circuit, and record the

''~,ilr;:^d*'S:!rpV^2 "^^"'S of the galvanometer with each'"•p^. resistance.

3. Join the two cells' in series and in circuit with the

^ vanon,eter, commutator and «»istance box. Take r^ulin^^w.th the same resistances in circuit as in 2.

^'"g'

Under what conditions does the pa«llel arrangement givethe stronger current ? Under wlmt conditions dol the aeri«arrangement ?
senea
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APPENDIX

Piioo» OF Formulas tor Spherical Mirroru and Lrxsm

^Vlo^t72f. ^' ^^ ^ '"' object. P'iy its im^e,AP=.p,AP'

The triangles Q^FC, QPC are
similar, hence

PV £[£ r-p'
(1).

^i2

From (1) and (2)

FA

Again, c«.n8idering ^U to be a straight Una perpendicular to AFwe have PQ^AR; and as the triangles Q^P'F, MAF are similar'

r_r p' = V - r

p - r r *

Simplifying this e«iuation, and dividing through by pp'r we obtain
1/p + lip' = 2/r.

In this ca^ P, P- and are all on the right of A. By considering all
lines from A measured to the right to be " +," and all to the left to be

' -
,

this formula holds for all positions of the object and also for a
convex mirror.

For example, if {i„ Exercise 77) p = + 40 cm..p' = - 8. then from the
lorniula. r = - 20 cm., i.e., it is a convex mirror of radius 20 cm.

II. For Zenseg. Take a concave lens, and let ^P = p, ^p* = p'^ andAs ^ J

,

From the similar triangles QAP, '*^^.^R

(^ap;?'^^A_p:_p1 (1)PQ AP -p ••'W-

Again, AE = PQ, and from the „
triangles PPV, P^-B, ^ ~^ ^f - P' mAH ~ FA~~J ^^^•

V' f-v'
P" f '

From (1) and (2)

Simplifying and dividing through hyjjp'/we obtain 1/p' - 1/p = i//.

^^

This formula holds for all positions of the object and also for a convex

to^ZT^^^'V'"^''""'^'"^^
''=' «"<'"'^'- - 20 cm., then from theionnuia,/= - 15, ».«., it » a convex lens of focal length 16 cm.

124
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SlHKS AND TaNOEXTS

From C any point in AO, draw CB
perpendicular to AB. Then, by defi.
nition,

Sine of angle CAB = BC/AC,
Tangent of angle CAB = BC/AB.

125

ofla

1

2
3

4
5
6

7

8

9
10
il

12

13

U
15

16

17

18

19

20
21

22
23
24
25
26

27
28
29
30

8ia«

0.000

0.017

0.035

0.052

0.070

0.087
0.106

0.122
0.139

0.156

0.174

0.191

0.208
0.225

0.242

0.259

0.276
0.292

0.309
0.326
0.342

0.358

0.375
0.391

0.407

0.423

0.4.J8

0.454
0.469

0.485

"^Hn* iBfU Bin. Tugwt
I
Angle

0.500

0.000
0.017

0.035
0.052

0.070

0.087

0.105

1
0.123
0.141

0.158

0.176

0.194

0.213

0.231

0.249

0.268

0.287

0.306

0.325

0.344

0.364

0.384

0.404

0.424

0.445

0.466

0.488

0.510

0.532

0.554

0.577

0.515

0.530

0.645

0.569
0.574

0.588

0.602
0.616

0.629

0.643

0.656

0.66<J

0.682

0.695

0.707

0.719
0.731

0.743

0.755

0.766
0.777

0.788

0.799
0.809

0.819
0.829

0.839

0.848

0.857
60 0.866
61 0.876

0.883

1 0.891

0.899

0.906

0.914
0.921

0.927

0.934

0.940

0.946

0.951

0.956

0.961

0.966

0.970

0.974

0.978
0.982

0.985
0.988

0.990
0.993

0.995

0.996

0.998

0.999
0.999

1.000

1.000

1.881

1.963

2.050
2.145

2.246

2.356

2.475

2.605

2.747

2.904

3.078

3.27i
3.487

3.732

4.011

4.331

4.706

5.146

6.671

6.314
7.115

'8.144

9.514

11.43

14.30

19.08

28.64

57.29

Infinity
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MKTaiO EQUIVAtBNTB

1 ill.

1 ft.

1yd.
1 mi.

' 2.64 cm.

30.48 cm.

91.44 cm.

1.609 km.

1 cm.

1 n.

1 m.

1 km.

0.3937 in.

39.37 in.

1-U94 yd.

0.6214 mi.

1 sq. in. =

1 aq. ft. =

1 «q. yd. =

1 cu. in.

1 cu. ft.

1 cu. yd.

1 Imp. gal.

6.4614 sq. cm.
929.01 aq. cm.

0.83813 sq. m.

= 16.387 c.c.

= 28317 C.C.

= 0.7645 cu. m.
= 4.646 1.

1 sq. cm.

1 aq. m.

1 aq. m.

-0.1650sq. in.

= 10.764sq. ft.

= 1.196 sq. yd.

1 c. c.

11.

1 cu. m.

11.

lib. av. = 463.69 g.

1 gf. = 0.0648 g.

= 0.061 cu. in.

- 61.024 cu. in.

= 1.308 cu. yd.

= 1.7598 Imp. pts.

1 kg. = 2.205 lb. av.

1 g. >= 15.432 gr.

Densitiks or Substancks. m Gkams pee Cubic Centimethe

Alcohol, ethyl

Alcohol, methyl
Aluminium, cast

Aluminium, wrought...
Benzine.

Bismuth

Brasswire(70Cu+ 30Zn)
Cadmium, cast

Cedar.

Cobalt, oast

Cork

Copper, cast

Copper, wrought
Diamond

Glycerine.

Qold, wrought
Ice

Iridium.

Iron, gray cast

Iron, wrought

0.79

0.81

2.57

2.72

0.90

9.80

8.70

8.66

0.53

8.60

0.24

8.88

8.90

3.55

1.26

19.34

0.98

22.10

7.08

7.85

I*«d, cast or wrought . . 1 1 . .35

*^»pJe 0.68
Marble 2 65
Mercury at 0*0 is.'sag
N»«J^«1

8.60

S'*- 0.76
Paraffin Qgg
Petroleum. q gg
Pine, white o.42
P^ne» red o.59
Platinum.

21.46
Sea-water. jogg
Silver, oast iq 45
Silver, wrought 10.56
Steel, wire y gg
Sulphuric acid. 1,^4
Tin, cast ^29
Tungsten i9]i2
Uranium. 18.49
Zinc, cast y jq
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Vblocity of Soumo, Mr Mrrwa pbb Sbcokd
AiratO»C 332
Aluminium 5104
BrMB 350Q
Copper 3500
^"n 6130
GImb 6000 to 6000

Pine, along fibre 3320
Carbon uioxide 261.6
Hydrogen 1278
niumi-^Atinggaii 499
Watorat3.9'C.......*.'.' 1399

" "lar'C 1437

O0BFPICIBKT8 0» LlNBAB ExPASSIOir

Alnminium 0.0000 2313
Brass 0.0000 1900
Copper 0.0000 1678
Gl«« 0.0000 0899
GoW 0.0000 1443
Irooi "oft 0.0000 1210

Nickel 0.0000 1279
Platinum 0.0000 0899
Silver 0.0000 1921
Steel 0.0000 1322
Tin 0.0000 2234
Zinc 0.0000 2918

Aluminium . ., 0.214
Brass 0.090
Copper 0.094
Glass, crown . . 0.16
Gold 0.032

SpBcirio Hbat8

Ice at 10' C... 0.50
Iron 0.113
Lead 0.031
Marble 0.216
Mercury 0.033

Paraffin 0.694
Petroleum 0.511
Platinuhi 0.032
Silver...; 0.056
Zinc 0.093

Indices of Refraction, tor Sodium Lioht

Grown glass 1,514 to 1.660
Flint glass.. ...... ].608 to 1.792
Rock salt 1.544
Sylvine(potassium chloride) 1.490
Fluor spar 1.434
I>i»mopd 2.42 to 2.47
Canada Balsam. 1.528

Hydrochloric acid, at '20° C. 1.411
Nitric acid, at 20° C 1.402
Sulphuric acid, at 20° C. ... 1.437
Oil of turpentine, at 20° C. 1.472
Ethyl alcohol, at 20' C ... . 1.388
Carbon bisulphide 1.628
Water, at 20* 1.334

Critical Axolks

'^^*«r. 48i'
I

Crown glass. 40*'
Alcohol 47J I Flint ghtss

36J

Carbon bisulphide 38°

Diamond 241
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Sraoino RniaTAMCB

(B«hlMi« »t r O. ol
•
wif. 1. Ion, Md 1 iq, a^^ In i^jilM,, In «nilootta ol Moto)

I

Alaminium, annealed 2.9

1

Biauiuth, pressed 130.9

Copper, annealed. . .

.

1.59

Copper, hard drawn.

.

1.63

Carbon, lamp filament 4000
German Silver 20.89

Gold, annealed 2.09

Iron, anneiiled 9.69

Mercury 94.07

Nickel, annealed. . 12.43

Platinam, annealed.

.

9.04

Silver, annealed 1.46

Steel (rails) 12.00

Hn, pressed 13.18

Rbsistaitcb at 0» 0. or Ooppsb Wieb (BaowN /.rn Sharps Qauob)

Omim
Ma

0000
000
00

1

2
3
4
6
6

7

8
9

10

11

12

13
14
15

16

17

18

DUm.
in mm.

S«stion
in iq. mm.

11.68

10.40

9.27

8.25

7.35

6.54

6.83

5.19

4.6i

4.12

3.66

3.26

2.91

2.59

2.30

2.05

1.83

1.63

lA!i

1.29

1.15

1.02

107.2

85.03

67.43

53.48

42.41

33.63

26.67

21.15

16.77

13.30

10.A6

8.37

6.63

5.26

4.17

3.31

2.62

2.08

1.65

1.31

1.04

0.82

Ohm* par
lOUOm.

0.1.^19

.lf»l6

.2415

.3045

.3840

.4842

.6106

.7699

.9709

1.2S4

1.644

1.947

2.465

3.095

3.903

4.922

6.206

7.826

9.868

12.44

15.69

19.79

OMIf*
NaT

19
20
21

23
23
24
25
26
27
28
29
30
31

32
33
34
35
36
37
38
39
40

Diam.
In I

0.912
.812

.723

.644

.673

.611

.454

.405

.361

.321

.286

.255

.227

.202

.180

.160

.143

.127

.113

.101

.090

.080

DMtlon
In aq. mm.

Ohm* par
1000 m.

0.653
.518

.410

.326

.258

.205

.162

.129

.102

.081

.064

.051

.040

.032

.025

.020

.016

.013

.010

.008

.006

.005

24.95

31.46

39.67

60.02

63.08

79.64

100.3

126.5

169.6

201.1

253.6

319.8

403.2

608.4

641.1

808.5

1019
1286
1621
2044
2578
3250
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