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PREFACE

This course of about fifty laboratory exercises tepresents an endeavor to hring beginning students
of physics mnto duect first-hand contact with the most significant ot the prmeiples of the subject and
with their applications to daily Iife

Since the precise method of accomplishing tlus end wall depend upon the sort ot laboratory equip-
ment which 15 available, the couise has been given considerable flexibility by mtroducing alternatjve
experiments

Thus, 1f gas 1s not accessible the student will omt Exp 5, but will get exactly the same principle
thiough peifoimmg Exp 5 A O1, 1f the laboratory 15 not equipped with commercial ammeters and
voltmeters, Exp 31 will be omitted and Exp 31 A pertormed  Similar chowes will be tound mdicated
throughout the text

Another fcature of the course 15 that the expiiments do not presuppose any previous study
of the subject mvolved, o1 any antecedent knowledge of physies The laboratory work may be kept
mn advance of the classtoom diseussion throughout the entne course if desned Indeed, in their own
elementary woik the authors preter to let more than halt of the experiments constitute the student’s
first mtroduction to the subject treated Furthermore, students are neither mstructed nor advised
to study their experiments before entermg the laboratory, tor each experiment has been atanged to
carry with 1t 1ts own mtioduction

Piroblems on the practical transformations ot energy have been given the important place m this
course which they ment, and 1t 15 hoped that an advance has been made m the way i which they
are ticated Thuas, m comparmg the efficiencies of two different applhances which accomplish the
same 1esult, as, for example, an electuie stove and a gas stove, the tact has often been overlooked that
m daily hfe people ate mterested m efficiency only as 1t affects cost ot operation  The emphasis has
here been thrown, theiefore, on the 1eal test ot elficieney fiom the eonsumer » standpomt, namely
the 1elative cost of a given output rather than on the meie 1atio of energy output to energy nput

In o1der to metil m the pupil the habit of ordeilmess and to teach hun to collect and o1ganize
related data m such a way as to draw conclusions from 1t, a form of 1ccord has been placed at the
end of most ot the expeuments  This procedure also ¢nables the teacher to check up the experiments
with a mmimum cxpenditure of time and eneigy In the case of qualitative work the Recoid of
Experment has, as a 1ule, been omitted

For the benefit of those who use both this book and the elasstoom text entitled “ A Fust Course
m Physies,” a sugaested time schedule for a thnty-six weeks’ school year 15 mserted m Appendix A
Whether this particular schedule 1s followed o1 not, 1t seems to the authors a matter of great impor-
tance that cach teacher begin ns year with some well-considered tune schedule before him, and that
he plan each lesson and make his omissions and addittons with this sechedule m mmd  Otherwise 1t
almost mvarably happens that the subjects treated m the tust half ot the text 1eceive a dispropor-
tionate amount of time

The mitial cost of equipment for satisfactorily conducting this course with classes of say twelve
pupils need not exceced two or thiee hundied dollus If commereial electrical mstiuments are

employed, however, the cost may of course 1cach o much higher figure
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LABORATORY PHYSICS

EXPERIMENT 1

TO DETERMINE I, THE RATIO OF THE CIRCUMFERENCE OF A CIRCLE
TO ITS DIAMETER

I. Measurements. (a) Measurement of curcumference Scratch a fine hine 4 along a radius of an
accurately turned disk

Place 4 accurately above some division B on the meter stick (Fig 1), and roll the disk between
the thumb and finger until 4 13 again m contact with the meter stick Record the positions of 4 m
centimeters, by noting first the whole number of centimeters, then
the number of millimeters in the tenths place, and lastly the @
estimated tenths of a mllimeter m the hundredths place* The 4
circumference 1s the difference between this recading and the stait-
mg pownt

Starting at different marks on the scale, repeat four times and take the average of the five trials
as the cicumference

() Measurement of diameter Lay the disk flat on the table Place the meter stick on edge
(Fig 2) so that the centimeter face 15 along a diameter and so that some centimeter division comncides
with one edge of the disk Record the diameter, estimating tenths of a millimeter

Repeat four times, measuiing different diameters, and take the average of the five trials as the
diameter

II Computation. (a) The last figure of cach measurement was estimated and therefore uncertain.

Fic 1

(5) Retan one more uncertan
figuie m the average than n the in- A .ﬁ
dividual measurements /
(¢) After every multiplication or <— e ——
division retam the same number of < ' % bdutodutudutdutadug & Ay

vl b b el VS
sigiiear figures . the product or - / \\\ ”g'.’-/f—
quotient that there are mn that factor o i -

which has the smallest number of Cortect m thod of using Fio 2 Incorre t method of using
meter stick ¢ meter stick
-

sienificant figures  The numbers 583,
409, 103, 00110 have three significant figuies each Thus, ciphers before a number mn a decimal
fraction less than one are not wigmficant figuies

(d) Keepmg i mmmd what has been said about significant figures, compute 7 from your mean
values of the circumference and the diameter

* Unfamiliarity with the metric system may make 1t seem more natural to estimate in halves, thirds, er quarters, but it

will be easy to express the result in tenths 1f one reflocts that 415 a little less and 6 a little more than 5, or 1/2, 3‘ &'litt.le
less and 8 a little more than 26, or 1/4, 1 a little less than 2, or 1/5, etc

(1]



EXPERIMENT 1 (Continued)

III. Per cent of error. The per cent of error mn any product or quotient can best be 1llustrated by
200 x 1000
100
+ 5% m the 1000, and — 5% 1n the 100, the 1esult would be

an example If in the measurements = 2000 an error of + 19 were made mn the 200,
202 x 1005
99 5
the result 2040 1s 40, or 2%, larger than the true value 2000 We also see that in this case the
errors 1%, 5%, and 5% added together produce a total error of 29 Thus, to find the error of
any experimental result which 1s obtamed by taking the product or quotient of several physical
measurements, add the per cents of eiror in each of the factors entermg mto such product or quotient,
and the sum of these will be the per cent of eiror allowable i the final 1esult To find the per cent
of error in any one of the factors, find what per cent the probable error m measurmg that quantaty 1s

of the quantity itself
Answer m your notebook the questions which appear at the end of the experiment

= 2040 + Thus we see that

Questions a What per cent of eiror would have been introduced into the diameter by an error
of 0lcm ?

b What per cent of erro1 would have been 1ntioduced into the cncumfeience by an error of 02 em ?

¢ Your value of 7 might reasonably be in erior by the sum of these two errois State, therefore,
whether your result 1s gs accuiate as 1easonably careful measuiements would give

RECORD OF FXPERIMENT

TRIAL DIAMFTFR GIRCUMBERENCE
IN OM AN
1 _ circumference
- - divmcter -
2
~ | Correct value = 31416
3 Ihtference, o1 (xiro1 =
- - aior erlor
I’er cant of error e e
4 1 1% aror 0314
5 L]
Mew = Mcwm =

[2]



EXPERIMENT 2

HOW TO FIND THE VOLUME OF A CYLINDER

1. By computation from linear measurements. (a) Measurements With a meter stick measure to
tenths of a milluneter three different depths of the cylindiical vessel shown m Fig 8

Measure the wmside diameter D as in Exp 1 (see Iig 2)

Take the above measurements with a vernier cahiper,* 1f available .

(b) Computation Volume of cylinder ="area of base x depth, o1 volume = D I — wK'L where
R 18 the radiwus and L 1s the depth Before computing read carefully Exp 1,1I

In this experiment make all computations a part of the final 1ecord

Questions a If the measured diameter of a circle 13 10 1 em , and the ¢true diameter 18 10 ecm , what will
be the per cent of erior in the arca of the encle?

b What pe1r cent of ernor will be intioduced into the computed value of the area of a cirele, 1f theie 18
an ertor of 03 per cent in the measurement of the diameter ?

¢ Allowing Ol em error m the mean values of D and Z, find the per cent of eiror in the volume

II. By weight of water contamned by cylinder (a) Weyhing cylinder by method of substitution.
Place the empty cylinder with 1ts ground-glass cover on the pan B (Fig 8) of the balance and add
to pan A any convement objects, such as pieces of wron, shot, and bits of
paper, until the pomnter stands opposite the middle maik at s, the rider
£ bemng at zero

Then 1eplace the cylinder and 1ts cover by weights from the set m the
following way Fmd by tnal the laigest weight which 13 not too large,
and place 1t on pan B Add the equal weight, or, 1f there 15 no equal,
the next smaller one, 1f 1t 1s not too heavy, add agamn the equal or next
smaller weight, and so on, always workmg down from weights which are
too large Tlus saves the delay and annoyance caused by adding a laige
number of small weights and at last findmg that their sum 15 still too small

When a balance has been obtamed to withm 10 g, shde the nida B
along the graduated beam until the pomter stands opposite the muddle matk at & The weight of the
body 1s then the sum of the weights on the pan plus the 1eadmg of the lett edge of the index E on the
graduated beam Smce each division of the scale on the beam 1epiesents one tenth of a gram, by
estimating to tenths of a division we can obtain the weight by this method to hundiedths of a gram.

* The vernier 15 vdevice for mesuning f1ictional parts of a scale division It consists of a movable scale AB arranged to
slide Jong a fixed scaile CD (Fig 4)  Lhe object
to be measured 18 placed between the jaws EF, e r
which are so made thit when they are 1 con-
tact tho zc1o of the shding scale 1s opposite the
zero of the fixed scale Ten divisions of the shd-

ing scile AB a1e made equal to nine divisions, =2

that 15, 9 mm, on the maun scale €D, hince L °@
one vernier division 1s equal to 9mm  Fig 5(1) | © Lo pudutudit b bttt d o

shows the vernier scale and the fixed scale C D

enlarged Here the zero of the veinier 18 ex-
actly opposite tho 6-mm mark of the fixed
scale, this being the 1elative position of the two
scales when an object H min 1n diameter 1s
placed between the jaws Since one division
on 4B 1s equal to only 9mm , while one divi-
sion on CD 13 equal to a whole milhmeter, 1t y-4 F

follows that the mark 1 of the shding scale AB

158 1mm behind the maik 8 of the fixed scale, 2on ABis 2mm behind 7 on CD, 315 3mm behind 8, 718 7Tmm be-
hind 12, etc Therefors, 1f the sliding scale were moved up so as to bring 1ts mark 1 opposite the mark 6 on the fixed scale,

[3]
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EXPERIMENT 2 (Continued)

This method of substitution 18 the rigorously correct method of making a weighing.

(8) Weghing cylinder by usual method Remove the weights from pan B, keeping all of these weights
together for this weighing also Empty pan 4, move R to its zero pomt, and bring the poimater to the
middle mark by altering, if necessary, the nut » (Fig 8) Then place the object on pan 4 and the
weights used 1 (a) on pan B and again bring the powmnter to the middle mark by using the nder B
as before Unless the difference mn the two weighings 1s larger than one or two tenths of a gram,
you may henceforth use the second, or usual,* method of weighing, for the imperfections in mexpen-
sive commercial weights, such as we are using, are likely to amount to as much as a tenth of a gram
It was for this reason that precisely the same weights were used m both (a) and (b)

(¢) Wegling cylinder full of water Next fill the cylinder with water and place the cover over 1t,
taking care that no air bubbles aie left nside Carefully wipe all moisture fiom the outside and weigh

Refill the cylinder and repeat this last weighing mn order to see how closely two observations can
be made to agree From the mean of these two weiglungs and the mean of the werghings of the empty
cylinder and cover find the weight of the water

Since 1cc of water weighs 1 g, volume 1 cubic centimeters equals weight of contamed water
m grams

Questions a What per cent of e1ror would an error of 2g 1 the weight of the water alone mtroduce
into your last measuiement of the volume

b TIs your per cent of difference 1n 1 and IT gieater o1 less than the sum of the er1o1s mentioned m I,
Question ¢, and 1n II, Question a?

¢. Do your results in I and II agiee as well as they should ?

RECORD OF LXPERIMENT

First Observation Second Observation Third Observation Mean
I Depth of cylinder = cm em cm cm
Inner diametcr of eyhinder = cm cm cm cm
Volume = ’iilz L==RT = ce
By Substitution By Usual Method Mean
II Weight of empty cylinder and cover = g g g
Weight of cyhinder + water, first trial = g
Weight of cylinder + water, second trial = g g
Weight of water alone = g
volume of ¢ylinder = e
difference

il

Per cent of difference between T and 11 e =
1% of either result
its zero mark would move up 1mm beyond 6 If the vernier hul moved up until 1ts 5 mark were opposite 10 on CD, the
zero mark would have moved 5 mm beyond 5, etc In gencial, then, 1t 1s only necessary to observe which mark on the
shding scale AB 18 directly opposite a mark on
CD, 1n order to know how many tenths of a nul- ) 2)
luneter the zero mark of AB has moved beyond Co 1 2 3¢ 567289 0n1z3wswoD Co 123456789 0nenD
the last division passed on CD Thus the reading
m Fig 5(2)183 7mm (37 cm ), since the zero
mark of the vernier has passed the 8-mmm mark
on the fixed scale CD, and the 7 mark on the
vernier 18 directly opposite some mark of CD
* The usual method would be as correct as the method of substitution, provided we could know that the two balance arms
are of exactly the same length (see Principle of Moments, p 41) 1f, therefore, you get different results by this method and the
method of substitution, you may know that the instrument maker did not succeed 1n getting the balance arms quite equal 1n
length Errors due to this cause are, however, usually very shght

(4]
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EXPERIMENT 3
HOW TO FIND THE DENSITY OF STEEL SPHERES

I. From weights and diameters of spheres. (a) Juameters of spheres Measure the diameters of
several steel spheres with the micrometer caliper,® if this instrument 1s available. If not, the diameters

may be obtamned by placing the balls between two blocks, as in-
dicated 1n Fig 6, and measuring the distance between the blocks O
Fic 6

If this method 18 used, however, 1t will be better to place six or
eight balls 1n a row between two meter sticks, set the blocks at the
ends of the row, and divide the distance between the blocks by the
number of balls It will be best to use balls about 2cecm 1n diameter
better, ten diameter measurements

Compute the volume of a sphere from the relation V =
D the diameter

Remember that you are to retamn in any product or quotient the same number of sigmificant
figures as there are figures i the least accurate factor which enters mto the product or quotient.

The following 1llustiates the method of computation

Take the mean of five or,

1 7+ D?, where V represents the volume and

D=19053cm D* = 36302 D =6 9166
19058 19058 _7_"= 59236
57159 108906 6
95265 181510 414996
171477 326718 207498
19053 36302 138332
D*=136302 =6 9166 345830
36215

volume = 3 6215 ce

(b) Weght of balls 'Weigh together on the balances all the balls measured
Compute the density of steel, that 1s, the number of grams in 1 ce
II From weight of spheres and weight of water which they displace. Fill a cylindrical vessel,

holding about 150 cc, with water and cover with a
D1y the outside and place on the left pan of the balance Place on the same pan,

all air bubbles

plate (Fig 8), carefully excluding

beside the vessel of water, the same number of balls used 1n I, and find the weight of the whole load.

* In the micrometer caliper (Fig 7) the divisions upon the scale ¢ correspond to the distance between the threads of the
screw 8 This distance 18 usually a half milhimeter Hence turning the milled head & through one complete revolution changes
the distance between the jaws ab by exactly one-half millimeter, and turning k& through one fiftieth of a revolution changes the

distance between ab by 44 x } = 01 mm If, then, theie
are fifty divisions upon the crcumference of d, each divi-
slon represents a separation of 0l mm of b from a

To make a measurement, turn up the milled head &
(F1ig 7) until the jaws ab are 1n contact, that 1s, until the
milled head, held with hght pressure between the thumb
and finger, will slip between the fingers instead of rotat-
ing further Never crowd the threads The zero of the
graduated circle should now coincide with the line ec on
the scale If this 1s not the case, have the instructor
adjust the stop a

Insert the object to be measured between the jaws ab
and again turn up the milled head until 1t slips between

Fic 7

the fingers when held with the same pressure as that used to test the zero reading Read the whole number of milhmeters
and half millimeters of separation of the jaws upon the scale ec and add the number of hundredths of a millimeter registered
upon @ This 1s the thickness of the object

(51



EXPERIMENT 3 (Continued)

Remove the vessel of water, lift off the cover, and drop the balls mnto the water. Replace the
cover, dry the outside of the cylinder, replace 1t on the balance pan, and weigh again From the two
weighings find the weight of the water displaced by the balls Smce 1cc of water weighs 1 g, this
last weight 18, of course, the volume 1n cubic centimeters of the displaced water, and
this 18, of course, the same as the volume of the balls Take the weight of the balls
alone from I and compute the density of steel Find the per cent of difference
between this value and that obtamned m I

Questions An error of 005 mm 1n the mean diameter of the balls (see 1llustiation in I)

-
would 1ntioduce an eiror mmto the diameter of %g% %, or 026%, and mto the volume
(2—’1)8) of 3x 0267, or 0787

An erior of 2g 1in the weight of the water displaced by ten balls would mtioduce an error into the

Fic 8

weight of the displaced water, and theiefore mto the determination of theu volume of —;% %, or 569,

a Using your own data and allowing the same ci11013 as above, compute the per cent of eiror in deter-
mimng the volume of the balls by both methods Which method 1s the more accuirate ?

b How could you find the volume of the ten balls with a graduate ?

¢ Would this method (by use of the giaduate) be as accuiate as the method of displacement of wate1
m II? Give reason for your answer

RECORD OF EXPERIMENT

I
pu | P | | o
1 L 6 Volume of 1 ball = } 71)% = ce
2 7 Weight of 10 balls = g
—;— T T _—8_ - weight of 1 ball = g
— — density of steel = g per cc
4 Qe
5 10
Mean Diameter = o mm
= om
II Weight of 10 balls + eylinder full of water = g
Weight of 10 balls 1n cylinder full of water = g
Weight of water displaced by balls =
volume of 10 balls = ce
Weight of 10 balls alone from I = g
density of steel = g perce
difference

Per cent of difference between two values of density given above = —o " =
7 & 1% of exther value

[el



EXPERIMENT 4

HOW PRESSURE BENEATH THE FREE SURFACE OF A LIQUID VARIES WITH DEPTH

1. Verification of the law of depths and densities. (a) Measurements in water Immerse the manom
eter M of Fig 9 to the greatest depth possible m the long glass vessel 7 filled with water * A length
of at least 1 m 1s desirable (see tube of Exp 40)

Record the surface reading wheie the level of the iquid touches the meter stick (Read
where the level strikes the meter stick and not the pomt up to which the wate1 laps upon the
meter stick ) Then 1ecord the level of the mercury both i the open arm of the manometer
and 1n the arm agamst which the iquid pressure acts (In the last two readings be careful
to hold the eye so that the line of sight 15 at right angles to the meter stick, then take the
reading at the top of the cuived mercury meniscus, estimating the reading to tenths of a mlh-
meter ) Ewvidently the depth 1s the difference between the first and third readings, and the
pressute m centimeters of mercuiy 1s the difference between the second and thnd readings

Raise the manometer about 10 cm and make simular measurements Contmue m this way,
raisimg the manometer about 10 em at a time, until a depth of 10 o1 15 ¢em 18 reached

(b) Measurements wn gasoline Fill the vessc] 17 with gasoline nstead of with waterand ¥
make a sumlar set of observations for gasolne

II Algebraic or analytic representation of a direct proportion From your data 1t will be
seen that within the experimental error the 1esult obtamed, for any hquid, by dividing the
depth H by the piressure P 15 always the same, or, stated « = n a o Ty,

-
ﬂ = ﬂ = if—‘ cte, o1 ]—[ = constant o
PI_I, __1)8’ , 5= Fic 9

2

NPTV FYST: TOVPL VT, FOTOR FTRRTVIVEA STV AETT STAR IOV

| RN o envevypy

Via
Hence 1n the cquation = constant, 1f 7/ 18 made 2, 3, 4, etc times as great, P will also be 2, 8, 4,
Y M

H
etc times as large, simce their ratio - Temains unchanged

Whenever two quantitics, such as H and P above, vaty m
such a way that doubling one doubles the other, trebling one
trebles the other, etc, the one 1s said to be duwrectly propor-
twnal to the other, or to vary duwrectly with the othex

The first equation for a diect propoition may also be stated
by %= %ﬁ; ’%: —;i[r:, etc, or agan by P oc 1, whete oc 18 read
15 proportional to”

III. Graphical representation of a durect proportion. That
the pressure 1 any liquid 1s directly proportional to the depth
18 shown graphically by Fig 10 The curve, or * graph,” for
a direct propottion 18 seen to be a straight line

On a sheet of coordmate paper plot your own data.
Choose a scale along OX, that 15, to the right of the origin O,
8o that the greatest depth will come near the 1ight side of the
page (For example, the greatest depth plotted n Fig 10 was 60 cm in gasoline ) Choose a different
scale along OY, that 1s, above the origin, so that the greatest pressure will come at least halfway to

w
(=

n
(%]

v >
T
|
1
H
1
T
B
LT

o
N

Pressures 1n centimeters of mercury
)
=]

12

I
1
I
T
T

e X
[+] 10 20C30 40 5 60 70
Depths 1n centimeters

Fic 10

* A piece of glass tubing about 1 m long and 4 or 5 cm 1n diameter, closed at the bottom with a rubber stopper, answers
the purpose admirably
Use }-in tubing for manometer Support at 10 cm 1ntervals with kmtting needle K

(7]



EXPERIMENT 4 (Continued)

the top of the sheet of paper In general, choose the scale i each case so that the greatest distance
along OX (abscissa) and the greatest distance along OY (ordmate) are roughly of the same magniudc

Then a single pomnt will represent a set of readings for a given depth, the distance the pomnt 1s to the
right of O representing the depth, and the distance 1t 1s above O representing the pressure Having
plotted all of these pomnts for the set of data on water, with a sharp pencil and straightedge draw a
line through O which passes as close as possible to all of the plotted points, leaving half the points
on erther side of the line 1n case the line does not pass through all of them This 1s a graphical way

of averaging

Questions a Why must the straight line be diawn through O, the origin ?

b Using the same scale, plot the readings for gasoline on the same sheet of coordinate paper, and draw
the graph showing the relation between depth and piessure in gasoline

¢ From your graph find (a) the pressuie n centimeters of mercury at a depth of 40 or 50 cin 1n gaso-
line, (b) at the same depth i water Divide the pressure thus obtained for gasoline by that for water at the
same depth This 1esult gives the density of gasoline, which 1s about 74 Why ?

d The density of mercury 15 136 Ilow would the pressuie in mercury compaie with the pressuie in
water at the same depth ?

e How would the height of a column of water compare with the height of a column of mercury which
produced the same piressure ?

f How would the height of a column of gasoline compaie with the height of a column of mercury
which produced the same pressuie ?

g Compare your answers to the last two questions with the results obtained by dividing depth by pies-
sure 1n both cases (See data )

h How does the pressuie at the water taps vaiy on going fiom the basement to the second floor of
your house ?

i Which of these locations would be the better for the installation of a water motor ?

RECORD OF EXPERIMENT

(Record the readings 1n centimeters, estimating tenths of a millimeter)

Warir
L]
SURFA(E OPLN ARM OF LOWER ARM O} Di1TH PRFSSURE IN CM DerTH
READING MANOMEFTER MANOMETER OF MFRCURY PRY¥SSURL
GASOIINK

[8]



EXPERIMENT 5
WHAT IS THE PRESSURE OF THE GAS IN YOUR CITY GAS MAINS?

I. Density of gasohne used in manometer. (a) By specific-gravity bottle Weigh any glass stoppered
bottle of about 200 cc capacity (or, mnstead, a specific-gravity bottle)

Fill with water and weigh 44 1

Rinse with a little gasolne, then fill with gasoline and weigh LD

Divide the weight of the gasolme alone by the weight of the water
alone to get the specific gravity of gasolne, that 1s, the ratio of the weight
of gasoline to the weight of an equal volume of water

This 18 numerically equal to the density of gasoline m grams per cubic
centimeter, since 1 dc of water weighs 1 g

(b) By balancing columns Bend a piece of glass tubing from 5 to
10 mm 1n diameter and about 2m long, as shown m kg 11

Pour gasoline mto the left arm to a depth of 10 o1 15 em Then pour
water mto the right aim until the level at ¢ 18 3 o1 4em below the
bend at E

Then pour gasoline again mto the left arm until the level at B 1s 3 or 4 cm below the bend at Z.

Repeat these operations until the left tube 1s nealy filled with gasolme (It 18 unnecessary to
have any two of the surfaces at the same level when 1eady for use)

The pressure on the confined air mn the bend £ 15 equal to the pressure due to the column of
gasoline AB + atmospheric pressure and 1s also equal to the pressure due to the column of water
CD + atmospheric pressure

Hence the pressure due to the column 4B equals the pressure due to the column €D, or

AB d,=(D d,=CD 1
where d, and d, refer to the densities of gasoline and water
respectively

With a meter stick measure 4B and CD and compute the
density of gasoline

II. Measurement of pressure in gas mamns, Witha Yor T
connector attach the manometers of Fig 12 to a gas cock

Open the gas cock, and with a meter stick measure the height
of 4, B, C, and D above the table Then, as before,

p=4B.d,=CD.d,

|About
300r60cm

where p 18 the pressure 1 grams per square centimeter
m the gas mamns m excess of atmospheric pressure

Usmg the average of the density of gasolme as
found m I, () and I, (4), compute the pressure m the
gas mains as given by each manometer

Fic 12

Questions a If, 1n the apparatus of Fig 11, mercury were used in the left-hand arm in place of gaso-
line, how would the vertical distance DC compare with the vertical distance 4B ?

b If the manometer tubes of Fig 12 had had different diameters, would the result have been different ?
State reasons -

¢ Gas plants use water manometers at distributing stations, and 1n this country the pressure 1s usually
read 1n inches of water What 18 meant then by a gas pressure of 71n ?

[9]



EXPERIMENT 5 (Continued)

RECORD OF EXPERIMENT
I Density of gasoline

(@) Weight of bottle = g
Weight of bottle + water = g
Weight of bottle + gasoline = g
weight of water alone = o
weight of gasoline alone - 14
density of gasoline g oper e
(b) From table to | = cm
From table to 3 = «m 15 = cm
From table to ¢ == an
From table to 1 - cm D - «m
AB d,=(D 1 or ( Y () - ( )
dcnsity of gasolind - g per e
average density in (a) and (b)) = (G .__.__,_)_“'; C - - g et ee
I1 Pressure 1n gas mains
Gasolime Manomcter Wt Manometar
From table to { = cm From table to ¢ - «m
From tablce to 72 - «m From table to D) cm
1B cm ol = cm
p=AB d, = g per sq cm p=(D 1 = g pPe1osq cm

(107



EXPERIMENT 5A
HOW MUCH LUNG-PRESSURE CAN YOU EXERT?

I Density of mercury used in manometer. (a) By specific-granty bottle Wexgh a glass-stoppered
bottle of 25 or 50 cc capacity e

Fill with mercury and weigh

Fill with water and weigh

Rinse the bottle with a httle alcohol and then with a little ether to remove water which clings to
the mside before putting 1t away

Divide the weight of the mercury alone by the weight of the water alone to get the specific gravity
of mercury, that 1s, the ratio of the weight of mercury to the weight of an equal volume of water

This 13 numerically equal to the density of mercury m grams per cubic centimeter, since 1 ce. of
water weighs 1g

(») By balancing columns P’our mercury to a depth of about 10 em mto the left arm of the
appaatus shown m Fig 11

Then pour water mto the right arm till nearly filled

The pressure on the confined air in the bend £ 15 equal to the pressure due to the column of mer-
cuty 4B + atmospherie pressure, and 15 also equal to the pressure due to the column of water
CD + atmospheric pressure

Hence the pressure due to the column AB equals the pressure due to the column €D, or

AB d,=(CD d,

whete d,, and d,, 1efer to the densities of mercury and water respectively

With a metet stick, measure catefully the vertical distances A5 and D and compute from these
measurements the density of mercury

II Measurement of lung-pressure Airange a piessuie gauge, o1 manometer, as m Fig, 18.

Record the level of the meicury mn aim A of the manometer

Then blow steadily for two or three seconds on the mouthpiece* M, and
while domng <o observe agan the level of the mercury i aim 4, reading both
times at the upper edge of the cuived mercury surface in the tube

Caution Avoid taking a reading due to a quick, hard blow at Af, as the
mertia of the mereury n the tube will carry 1t higher than your lung-pressure
will sustaimn 1t, and thus give an erroneous value of the pressure which you are
able to exert with your lungs

Ewvidently your lung-piessure expressed in centimeters of mercury 1s twice
the difference between the two observed readings Why ? Let A 1epresent this
pressure 1 centimeters of mercury

Compute the pressure in the diufferent units suggested m the data 1ecord,
using the density of mercury obtamed m I,(a)

Ocm.

Questions a If the tube 4 were several times as luge in diameter, would the same lung-pressure
produce the same difference of level between the two sides of the manometer ?

b What would have been the value of 2 had you used water in the manometer ? Why then was water
not used *

¢ What per cent 18 your lung-pressure of the average lung-pressure of the class ?
* The mouthpiece M consists of a piece of glass tubing about $1n long with the ends rounded in a Bunsen burner

Several of these should be provided, and each should be steriized by being placed 1n a beaker of boiling water for several
minutes after use by a student
[11]



EXPERIMENT 5 A (Continued)

RECORD OF EXPERIMENT
1. Density of mercury

L]

(a) Weight of bottle = g
Weight of bottle + mercury = g
Weight of bottle + water = g
weight of mercury alone = g
weight of water alone = g
density of mercury = g per cc
(b) From table to 4 = om
From table to B = cm
From table to C' = cm
From table to D = cm
AB d,=CD d,, or ( Y () = (
density of mercury = g per cc
II Lung-pressure
First level of mercury in 4 = cm
Second level of mercury mn A = cm
Dafference = em
p=h d = g per sq cm
= g per sq 1n
= 1b per sq 1
= atmospheres

[12]
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EXPERIMENT 6

®
ARCHIMEDES’ PRINCIPLE AND THE DENSITY OF A SOLID

I. To test Archimedes’ principle for immersed bodies. Remove the left pan from the balance and
replace 1t by the counterpoise ¢ (Fig 14) which 18 made as ncarly as possible of the same weight as
the pan Adjust the balance by means of the nut » until the pomter
stands at the middle maik Suspend an aluminum cylnder or any
regular solid body of volume 50 cc or more from the left arm of the
balance and counterpoise accurately with weights m the opposite
pan Record this weight

Immerse the cylinder in water, as in Fig 14 Carefully remove
all air bubbles and weigh agamn  From these observations find the
loss of werght which the body experiences when immersed in water
Measure the dimensions of the cylinder with the micrometer or

vernier calipers, or simply by wrappine a fine silk thread about 1t, say
thirty times, and measuling the length of the thread Then compute ;
the volume m cubic centimeters Fie 14

Compare the loss of weight obtained above with the wewght of the
hquad drsplaced by the body (that 1s, the volume of the body times the density of the hiquid, which 18
m this case 1)

Weigh the cylinder when 1t,18 1mmersed 1 a beaker of gasoline and compare the loss of weight
with the weight of the displaced liquid, taking the density of gasoline from the results of Exp 5, I

State 1 your notebook m your own words the pimnciple which your experiment has shown to be true

II. To find the density of a solid heavier than water by the loss of weight method Since density 1s
defined as — o

volume

18 to find 1ts mass by a weighing and 1ts volume by direct measurement But 1t would evidently be
quite 1mpossible to find 1n this way the density of an irregular body, like a lump of coal, because of the
difficulty of measuring 1ts volume The principle discovered in I, however, furnishes a very simple
way of finding this volume, smnce 1t 18 only necessary to find the loss of weight which the body ex-
periences in water, m order to find the weight of an equal volume of water, and this 18 the same as
the volume of the body, since the density of water 1s1 We have, then,

» 1618 obvious that the most direct way of determining the density of any regular solid

weight i air
loss of weight in water

Density =

Without making any additional measurements, find the density of the body used n I, first, by divid-
mg the weight 1n air by the volume as there computed from 1ts dimensions, and second, by dividing
the weight mn air by the volume of the cylinder as found from the loss of weight in water

Find 1n the latter way the density of some irregular body, for example, a brass weight

Questions a Why will an egg sink 1n fiesh water but float 1f a considerable amount of salt 1s dissolved
1 the water ? Try the experiment at home

b Using your own weight 1n pounds, 1f you can just float in water with your nose out, compute your
volume 1n cubic feet

¢. In the above experiments what became of the weight “lost” ? If m doubt weigh a dish of water,
then suspend the solid 1n 1t from a tripod, taking care that the sohid does not touch the dish, and weigh
agamn. Is the second weight of the dish more or less than the first, and how much ? Why ? (Note that the
level of the water 1s raised when the solid 18 1mmezrsed )

[18]
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EXPERIMENT 6 (Continued)

RECORD OF EXPERIMENT
Archimedes’ principle

First Observation Se:ond Observation lhird Observation Mean

Diameters cm cm cm cm
Length = wm

volume = e
Weight of cylinder 1n air = g
Weight of cylinder 1n water = g Weight of eyhinder i gasohne =
Loss of weight 1n water = g T oss of weight 1n gasohine =
Weight of displaced water = g Weaght of displaced gasohne =
Per cent of difference = Per ccnt of difference =

Density of solid used 1n I and of an irregular solid

(a) Density of aluminumn = mass — volume from dunensions =

(b) Density of aluminum = mass — volume from loss of weight =

Per cent of difterence =

Weight of brass body 1n awr = fid

Weight 1n water = g
density of brass ‘ =

Accepted value =84

[14]



EXPERIMENT 7

ARCHIMEDES’ PRINCIPLE AND THE DENSITY OF A LIQUID

I. To test Archimedes’ principle for floating bodies Place n a deep vessel of water (see Fig 9) a
piece of thin-walled, cylindrical glass tubing about $m mn diameter and 24 m long, loaded with

shot at the lower end (Fig 15) (For the sake of convenience mn IL 1t 1s best to load the tube
first m a vessel of gasoline until 1t sinks to within, say, 2 cm of the top and then to transfer
it without change n the load to the vessel of water ) Place a 1ubber band about the tube
at the exact pomt to which 1t sinks in the water Remove the tube fiom the water, wipe
1t diy, and then weigh 1t with the contamed shot Measure the diameter ot the tube n four
or five difterent places between the rubber band and the bottom, and measure the distance
fiom the rubber band to the bottom Irom these two measurements compute the volume, and
therefore the weight, ot the water displaced by the floating body

Infer from your results the geneial law of flotation, and state 1t 1n your notebook

II Density of a liquid by the principle of flotation (@) Constant-weryht hydrometer Im-
merse the tube with 1ts contents 1 a vessel of gasolme Smee the tube will float only when
the weight of the displaced hiquid 18 equal to the weight of the floating body, and smce gaso-
line 15 less dense than water, the tube must sink to a greater depth m the lighter hquid than
it did i water, for example, to <come pomt ¢ Place o rubber band at this poimnt, and then
1emove and measute the length immersed

It 715 the length of the tube immersed in water and , the length immersed in gasoline, then
the density of gasolme must be /, /7, times the density of water , for 1f A 1epresents the area of the
cross section of the tube, the weight of the water displaced by the tube 15 47, and 1if d 19 the
density ol gasoline, the weight of the displaced gasoline 15 Al d, and since these weights are

4

=

-

Fic 16

equal, bemg both equal to the weight of the floating body, we have Al d= Al , that 13, d=1/1,

Test your 1esult by means of a commercial constant-weight hydrometer (Fig 16)

() Constant-volume hydrometer Drop shot mto a test tube which has been drawn out to the
shape shown mn IFig 17 until, when mmmersed mn gasolne, 1t sinks to the maik @ on the narrow part

of the stemm  Remove the tube, diy, and weigh with the contamed shot Immerse
n water, add moie shot until the tube sinks to the same matk, remove, dry, and
weigh again  The volume of the hiquid displaced 1s the same m the two cases, and
the weight of this volume 1s equal to the weight of the tube and 1ts contents The
gpecific gravity, or density, of the gasolme may theiefore be found at once, since
the data are available for finding the weight of a given volume of gasoline and the
weight of an equal volume of water Compare the results with those obtaned n ()

State i your notebook what two general methods you have discovered for
finding the densities of hiquids

Questions a Can you see any reason why a constant-weight hydrometer made
with a nairow stem (Fig 16) 13 a much mote accurate instrument for determiming
the densities of liquids than a cylindrical constant-weight hydrometer hike that shown i, 16
m Fig 15°?

Fie 17

b If any convenient solid 18 weighed first 1n air, then 1n water, and then in some other hqud, for
example, gasoline, the three weighings will furnish data for determining the density of gasoline Write
an explanation of this in your notebook, and compute the density of gasoline from the weighings of this

sort which you made in Exp 6

¢ If a tube, like that used 1n I, sank 36 cm 1n water and 20 cm 1n sulphuric acid, what was the density

of the acid ? How far would the same tube sink 1n a salt solution of density 1125?
[15]



EXPERIMENT 7 (Continued)
RECORD OF EXPERIMENT

I Archimedes’ principle for floating bodies

First diameter = «m Length 1mmersed = cm
Second diameter = om Area of (ross section = Sth cm
Third diamcter = cam Weight of displaced water = g
Fourth diameter = cm Weight of tubc and shot = g
Mean diameter = an Per cent of difterence =

II (a) Constant-weight hydrometer (b) Constant-volume hydrometer
Length 1n water = «m Weight m water = g
Length in gasoline = em Weight 1n gasoline = g

density of gasoline = density of gasoline =

By commercial hydrometer = Difterence between (a) and (b) = %

[16]



EXPERIMENT 8

DENSITY OF A SOLID LIGHTER THAN WATER

I. By weighing first 1n air and then when immersed 1n water with the aid of a sinker. If a body
18 hghter than water, the weight of an equal volume of water may be obtamed with the aid of a smker
Use a wooden block B (Fig 18) which has been paraffined so as to prevent the
absorption of water Weigh the block alone mn arr and then with the smker
attached, the block bemng i air and the smker § m water, as shown i the
figure Lastly, weigh when the block and the smker are both under water
The difference between the second and the thud w. :F nxs 1s evidently the
buoyant effect of the water on the block alone, that 1s, 1t 15 the weight of the
water displaced by the block, and hence 1t 18 also the volume of the block
From this difference and the weight of the block m air obtain the density of
the block of wood used m this experiment

Explamn m your notebook how you calculated the density of wood, and why
your method of proceduie gives thus density

II From the weight, length, breadth, and height of a block Measure the
three dimensions of the block with a meter stick held on edge, as m Fig 2
From these measurements and the weight of the block, obtamed m I, compute
the density of the wood

III From the depth to which a block sinks 1mn water Wax a pmn to the
end of a metiic 1ule ab, arranged as m Fig 19, and take the reading of the pomt on this rule at
which 1t meets the stiaightedge ('D when the pin pomt just touches the corner m of the floating
block  Then take the reading on ab when the pin pomt just touches the suiface of the water, say,
1lem away from the edge of the block The difterence between these
two readings subtracted from the height of the block would give the
distance which the block sinks m the liquid if the surtace of the block
were accurately honizontal In order to obtamn as accurate a value as ¢
possible for this distance, repeat the measurements at each corner of the
block, and take a mean of these four differences From this mean differ-
ence find the distance A’ which the block sinks m water  Then, from A
and the height % of the block compute 1ts density d from the 1elation

Fiu 18

afnfitn]on]

14
=7

Frc 19

Questions a Prove in yomr notebook that the above equation for the density of the block, namely,
]

= % s follows at once from the statement of Aichimedes’ principle as applied to floating bodies, namely,

“ The weight of the floating body 1s equal to the weight of the hqud which 1t displaces” (Remember that
welght = volume x density, so that, 1f 4 1epresents the arca of the top of the block, the weight of the block
18 Ahd, while the weight of the displaced hiquid 13 1/4'd’, d' 1n this case being 1)

b Can you see from your analysis any geneial relation which must always exist between the density of
a body floating on water, the volumne of the body, and the volume which 13 beneath the surface ?

¢ How much deeper will a 10 cm cube of oak sink 1n water than a cube of pine of like dimensions, if
the density of oak 13 8 and that of pmne 5°

d Why are hife preservers filled with cork instead of with pine ?

e Why 15 1t unnecessary to know the density of the sinker S 1n this experiment ?

[17]



EXPERIMENT 8 (Continued)

RECORD OF EXPERIMENT

I Density by Archimedes’ principle for a solid lighter than water

Weight of block alone in air = g
Weaght when block 1s 1n air and sinker 1n water = g
Weight when both block and <inker are 1n water = g
density of wood =
II From the weight, length, breadth, and height of the block
Length of block = cm volume = c
Breadth of block = cm density =
Height of block cm ¢ of dittcrence m T and 1T -
IIT From the depth to which the block sinks 1n water
First Corner Second Corner IThird Corner Fourth Corner
Reading with pin toughing watar = cm cm cm cm
Reading with pin tonching bloch — cm amn (m cm
Diffcrences = m i «m (m
Mean difference = , b= y h d=

[18]



EXPERIMENT 9

THE RELATION BETWEEN THE PRESSURE AND THE VOLUME OF A GIVEN MASS
OF GAS AT CONSTANT 11 MPI RAI'URE

I Venfication of Boyle’s law The quantity of ai whose pressure and volume ate to be vared 1s
confined by the thread of mercury AB n one end BC (Ig 20) of a glass tube about 1 m long and
of uniform bore 1 mm 1n diameter Smece the cross section of the tube 1s unitorm, the volume of the
confined an 1s proportional to the length of BC

With the tube veitical, closed end ¢ down, the pressure on the conhned an 15 atmospherie pres-
sute plus the pressuic due to the thread of mercury  Both of these piessuies ate m centimeters of
mercury and theietore may be added

(a) Read the barometer m centi- i “
meters \\ ' - %

Measure .1 m centuncters and add Tg : = Lg B0 B
to the barometer 1eadmg for the fust . B
pressure /7, B ; <

Mcasure B¢ centimeters and call }g" ' e 20 A

this length the fust volume /)

(5) Rotate the tube approximatcly 45°  Now the prcssuze due to the thiead of mercury AB 1s the
vertical height of 4B

Measure the height of 4, and of B, above the table and take the difterence to get the vertical height
of AB Add this dufference to the batometer 1eading to obtan 72, Measute B(), as before, to get V,

() In the thid, o1 horwzontal, position the mercury thiead neither mcieases nor decreases the
pressute on the confined awr, which 15, therefore, at atmospheric pressure  Measure 5C to get V,

(d) Rotate the tube approximately 45°, closed end ¢ up The vertical height of AB must now
be subtracted from the barometer reading to obtain £, Why ? Measure BC to get V,

(¢) Take measurements with the tube vertical, closed end up

II Algebraic statement of an inverse proportion , for example, Boyle’s law. (a) Note that the differ-
ence between any PV and the mean £V 15 seldom more than 294 Then we may mfer, barring errois, that

P V,=P,V,= PV, ct, or, mote simply, I’V = constant

Thus we see that as > decreases, ¥ mnst merease if the product 1emams constant, that 15, P 19
mversely proportional to ¥, and the equation PV = constant represents an nveise proportion

(6) What relation do you note from your data between V,/V, and I,/ P, etc ?

This 18 another way of stating an mnverse proportion

III Graphical representation of an inverse proportion (a) Using the equation P¥ = constant,
where this constant 15 the mean >V, compute the pressures which would correspond to two, three,
and four times the greatest measured volume

(%) Compute the volumes which would correspond to two, thice, and four times the greatest
observed pressure

(¢) Plot these six pressures and the corresponding volumes, together with the five pressuies and
volumes you obtamned expermmentally, representing pressures as honizontal distances and volumes as
vertical distances The smooth curve drawn through these pomnts 1s called a hyperbola

Questions a What relation exists between the piessure and the volume of a mass of gas at the constant
temperature ?

b Give two equations showing this relationship

¢ What 1s the name of a curve which represents an inverse proportion ?

[19]



EXPERIMENT 9 (Continued)

RECORD OF EXPERIMENT

DIKFERENCE
POSITION OF VoLuMy oF HEIGHT or A|HFIGHT OF B| (VI RTICAL BAROMFTER PRESSURE DIFFERFNCE
lusr CONFINFD ABOVL TABLL|ABOVE TABIL HFIGHT RLADING PRESSURE TIMES EROM MRAN
AIR (BO) or AR) VoLuML ry
(a)
)
()
(d)
(€)
e S EO S - N
Compute the ratios below, giving thiee sigmificant igurcs Mean PV = = constant
Vo/ Vi = Vi/ Vi = Vi, = Vi/ Vi =
Pyr, = PP, = PPy = Py/Ps =
Difference =  ° Difterence = Difference = Daifterence =

(20]



EXPERIMENT 9 A

TO FIND THHE WEIGHT OF AIR IN ONE CUBIC CENTIMETER, IN ONE LITER, IN ONE
CUBIC METER, AND IN THE LABORATORY *

(o) Attach a piece of rubber tubmng and a pmchcock to a bottle t of about 2-liter capacity
Weigh the bottle and attachments to hundredths of a gram

(6) With an an pump exhaust as much of the air from the bottle as you can by pumping
moderately for two or three minutes, close the pmcheock tightly, and agam weigh

(¢) Place the bottle and tubing neck end down m a lage vessel of water at room temperature,
open the pinchcock, and let the water m to take the place of the exhausted air Push the bottle down
mto the vessel of water until the water i the bottle 15 just level with the water outside and then
close the pinchecock Remove the bottle, wipe off the water, and weigh the bottle, attachments,
and water

(d) Measure the length, width, and height of the laboratory in meters Compute the quantities
mdicated mn the record of the experument

(¢) Take the temperature of the room and the barometer reading for the sake of the use they
will be m answering some ot the questions

Questions a In (¢) just before closing the pincheock what was the piessure of the air remaining in
the bottle in centimeters of mercury ?

b From the weight of 1ce of anr which you obtained and the barometer reading, with the aid of Boyle’s
law compute the weight of 1ec at 76 cin pressuie, at the temperature of the laboratory

¢ The density of air at 76 em pressure, containing some moistute, 13 about 00122 at 15°C or 59°F,
00120 at 20°C o1 68°F, 00118 at 25°C or 77°I', and 00116 at 30°C o1 86°F From these values find
by nterpolation the density of air at 76 em pressuie, at the temperature ot the laboiatory By what per
cent does your value in ¢ differ from this value ?

d About how deep would mercury have to be 1f 1t covered the whole of the earth to a uniform depth to
have the same weight as all the air sur1ounding the earth ?

RECORD OF EXPERIMENT

(2) Weight of bottle = g
weight of air exhansted = g
(b) Weight of bottle (exhausted) = g

(¢) Weight of bottle and water = g ( ‘;‘;h;:::o‘:f ;m exhausted ('—")} = ce
pheric pressure

(d) Length of laboratory = m, width = m, height = m
volume = cu m

(¢) Temperature of room = °C', or °F, barometer reading = cm
Weight of 1cc of air (density) = , weight of 1 liter of air = g
Weight of 1 cu m of ar = kg

Weight of air in laboratory kg = b

Il

From question b density = g per ce
Per cent of difference =
From question ¢ density = g percc

* On account of the very considerable work involved 1n preparing a large number of air-tight bottles for this experiment
and drying them after use before they are in readiness for another section, unless an ample number of spheres with good
stopcocks are available, the authors would suggest that this experiment be performed but once, by the teacher and class
together, rather than by each pupil

t A hollow metal sphere with stopcock may be used without the tubing All joints in either case should be made air-
tight with vaseline, and the volume of the bottle or sphere should have been previously determined and marked upon it

[21]






EXPERIMENT 10
THE MOLECULAR CONSTITUTION OF MATTER

(2) T1ll along, narrow test tube or, better, the hydrometer tube of Fig 15 about half full of water

(b) Then, to prevent mixing, mchne the tube as much as possible while you caretully pour n
cohol till the tube 1s filled It the alcohol has been poured mto the tube with suflicient care, you
wuld be able to obscrve a distinet surface of demarcation separating the two hquids

(¢) Place the thumb tightly over the top of the tube and slowly mvert, and at the same time
»erve carefully what takes place

(d) Keepmg the thumb pressed tightly agamnst the end of the tube, inveit and restore 1t to 1its
igmal position several times, until the iquids are thoroughly mixed During this mverting process
v your thumb been drawn mnto or pressed mto the tube ?

Ouestions a Will the combmed volume of givin volumes of water and alcohol be the sum of the
pat ite volumcs 2

b Will a bushel basket full of bascballs and a bushel bishet full of sm il mubles fill two bushel baskets
hen thoroughly mixed *

¢ How do you account for the combined volume ot the alcohol and water being loss atter they are mixed °

(23]






EXPERIMENT 10 A

COOLING BY EVAPORATION, SATURATION, DEW POINT
FREEZING BY EVAPORATION

I Cooling by evaporation. Let three 4-0z bottles, the first half-full of ethei, the second half-full
of aleohol, and the tlurd half-full of water, be provided The bottles should be closed with small
corks and should have been standing mn the 100m long enough to acquire 100m temperature

(@) Swing a thexmometer m the air for a mmute and then 1ecord the temperature ot the room

(&) Insert the thermometer m the (ther bottle, and at the end of half a mmute 1ecord the temper-
ature of the ether Take the reading wlule the bulb 15 m the hquid In the same way take the
temperature of the aleohol and of the water

() From the bottles pour enough of each hquud mto the «vaporating dishes of Fig 21 to cover the
bulbs of the theimometers and about the same amount ob cther mto a test tube suppotcd m a
beaker or test-tube rack  Watch the thermometers
ten or fitteen minutes and record the temperatute
of cach  (Pms ditven mto a 4 x 4-m block will
prevent shiding and breaking of thermometers and
make a convenent suppott )

(d) Put a diop of ctha, of alcohol, and of
water upon the hand and notc the order ol dis-
appearance and also the order of the cooling sen-
sations wlich they produce

State m your notcbook what cltect your experi-
ments have shown evaporation to have upon the
tempcrature of the evapotating body  Explam, it you can, why the tempcrature of the cther m the test
tube was differcnt from that m the (vaporatimg dish - Explam with the aid of this expernment and the
answet to the fiise question why the ether in the evaporating dish had a lower temperature than the
alcohol, and the alcohol a lower temperature than the water

When a body 1s below 100m temperature 1t 15 continually 1eceving heat fiom the 10oom  When
the hquids m the evaporating dishes had reached a constant temperature, what 1clation existed be-
tween the amount of heat which they lost per second by evaporation and the amount which they
recetved per second from the 10om ?

II Saturation A space m which evaporation will no longer take place from the suiface of a
given hiquid placed within the space 15 said to be saturatcd with the vapor of the hquid  This means
simply that the space alieady contams as much of the vapor of the hiquid as 1t 15 capable of holding
at the given temperatuie

(a) Cover the bulb of the thermometer with a bit of absobent cotton, dip 1t mto the bottle of ether,
and then hft 1t so that the bulb and cotton aie above the suiface of the ether but still m the bottle
Watch the temperatuie for a mmute or two and then record Transfer the covered bulb from the bottle
to the test tube and hold 1t there above the suiface After a mmute o1 two record the temperature
Laft the covered bulb out mto the air and 1ecord the temperature after 1t has become constant What
do you learn from this experiment regarding the temperature which a thetmometer suirounded with
a cloth soaked n a liquid will mamtamn m a space which 1s saturated with a vapor of the hiquid ? m
a space which 1s partially saturated ? n a space which 1s free fiom this vapor, that 1s, which 18 dry ?

(6) Wrap some fresh cotton about the bulb of the thermometer, and dip 1t mnto the bottle of
water, then remove the thermometer and swing 1t m the room until 1ts reading becomes constant.
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EXPERIMENT 10 A (Continued)

Would this reading be any different 1f there were no water vapor already in the room ? What would
1t be 1if the air were already saturated with water vapor? Can you see, then, how the difference
between the readings of a thermometer whose bulb 1s kept dry and one whose bulb 1s kept moist
gives us some nformation regarding the dryness of the atmosphere ?

III. Dew pomnt The amount of vapor which a given space can hold 1s found to decrease rapidly
as the temperature decreases Hence, 1f we lower the temperature of a space which 13 already satu-
rated with any vapor, a pait of 1t condenses If we lower the temperature of a space which 18 not
saturated, but which contains some vapor, nothing happens until the
temperature 18 reached at which the amount of vapor which already exists
mn the space 1s the amount which saturates 1t Then condensation begins
The temperature at which water vapor begins to condense out of the atmosphere
as the temperature 18 lowered, 18 called the dew pont It varies, of course,
from day to day, depending upon the amount of water vapor mn the
atmosphere

(a) Fill the polished metal tube * of Fig 22 two-thirds full of ether,
and force air very gently through 1t by squeezing the bulb This process
facilitates cooling, stnce 1t mcreases enormously the evaporating surface,
every bubble having a large surface through which evaporation can take Fra 22
place The temperature cxisting withm the tube when the first cloundiness
begins to appear upon the polished surface 1s the dew pomnt, for 1t 13 the temperature at which the
layers of air in contact with the tube become saturated and begin to deposit their moisture As soon
as this cloudiness 1s noticed, take the 1eading of the thermometei, and then stop the current and notice
the temperature at which the cloudmess disappears Take pamns in these experiments not to breathe
upon the polished surface Repeat the whole operation until the temperatures of appearance and disap-
pearance do not differ by mote than 1° Take the mean of the two temperatures as the dew pont

to r {i X 1 Lo 1 t( P tC r
— 10° 22 - 1° 42 8° 80 17° 144 26° 260
- 23 0° 46 9° 85 18° 158 27° 26 5
- & 25 1° o 49 10° 91 19° 163 28° 281
- 217 2 534 11° 98 20° 174 29° 297
- 6° 29 3° 57 120 104 21° 185 80° 315
- 5° 32 40 61 1%° 111 22° 196 850 418
- 34 5° 65 14 119 23° 20 9 40° 549
- 37 6° 70 1%° 127 24° 222 45° 714
- 2 39 ° 75 16° 135 25° 235

(%) From the dew pomt and the aci ampanvir s table find the humedity of the atmosphere This s

the ratio between the amount of moisture m the atmosphere at the time of the experiment and the
total amount which 1t 1s capable of holding at the temperatuie of the room It 18 found by dividing
the pressuie of saturated water vapor at the temperature of the dew pomt by the pressure of saturated
water vapor at the temperature of the room (sec table) t

IV. Freezing by evaporation Place atew diops of water upon the table and set the polished metal
tube containing ether upon 1t Korce air through the ether rapidly and see if you can freeze the tube
to the table

* This experiment can be performed almost as successfully by dropping bits of ice slowly into water contained in a
polished vessel, and noting the temperature at which, with continual stirring, the cloud appears on the outside If the dew

point 18 below zero, salt should be added, bit by bit, to the 1ced water until the cloud appears
t The table shows the pressure P, in millimeters of mercury, of water vapor saturated at temperature ¢°C
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Questions a What effect does evaporation have on the temperature of a liquid ?
b 1Inl, (¢), why does not the temperature of the ether in the test tube fall as low as 1n the evaporating dish?
¢ From the data of I, («) and I, (§) decide whether evaporation 1s taking place at the surface of a hquid

1n a closed bottle

d See that all questions at end of I, IT, and IIT are answered

RECORD OF EXPERIMENT

. ETHER ALCOHOL WATER
I (a) Temperature of room = °C
(h) Temperature of hquid 1 bottle
(¢) Temperature of hiquid 1n evaporating dish
Temperature of ether 1n test tube
() Order of disappearance
Order of cooling sensation produced
I («) lemperature of cotton-covered bulb
In ether bottle = °C
Above ether 1n bottle = °C
Above cther 1n test tube = °C
In stall air - °C
(b) Temperature of cotton-covercd bulb, wet with water and swung = °C
IIT (@) Cloudiness appears at °C, disappears at °C dew point = °C

(h) Pressmie of saturated vapor at dew point
Pressure of saturated vapor at room temperature

relative humndity

It

rorvA

mm of mercury

mm of mercury

of
/0






EXPERIMENT 11

RESULTANT OF TWO FORCES

I. Parallel forces. Support two spring balances* from nails, pegs, or tripod rods, as n Fig 28 A,
and so choose the distance between the supports that the meter stick ad 1s supported at, say, the
10-cm and 90-cm divisions

Record the readings of the bal- Q
ances 7and 2 when they support the 1 2
meter stick without the weight W |

Hang from the 50-cm mark a
mass W which you have already

weighed on one of the spring bal- F‘ , ,

ances, and which 18 large enough /—\/L/—\ /—\Mr »

to stretch 1t nearly to its limt ool o] I | [N SR TSN SN K |
Read the balances 7 and 2, and

call the differences between these @

readings and the mitial readings Fiec 23A

F, and F, respectively

Then take 1eadings with W placed successively at the 40-cm, the 30-cm, and the 20-cm mark.

Let I, and [, represent m each case the distance i centimeters from the pomt fiom wiich W 18
hung to 1 and 2 1espectively

Since the forces F,, F,, and 1 are m equilibrium, W 15 said to be the equilibrant of F, and F,.

What single force would 1eplace 7, and ¥, :
and produce the same effect, that 1, support w? ]
This force 13 called the resultant of #, and Z,

State m your notebook what you learn from
your results 1egatding, first, the 1a mande of the
resultant of two parallel iorces, second, the product of either of two parallel forces by 1its distance
from the resultant, third, the relation between the direction of the resultant of #, and F,, and of W.

II. Concurrent forces. Fasten three spring balances to a small rmg
a by strimgs about 81 long and shp the rings of the balances over
wooden pegs or nails n a board 4B about 8 ft square (I'ig 24) Choose
such holes for the pegs that each balance 13 stretched to at least one
half of its full range 7 2

Ship a page of your notebook beneath the central ring, fasten 1t down
with thumb tacks or weights, and with a sharp-pomnted pencil make a
dot on the paper just at the center of the ring Displace the ring and
see that'its center comes back exactly to the same position as at first.
If this 1s not the case, the cause probably lies m the friction which
exists between the balances and the board, a difficulty which may be
remedied by raising the rings shghtly on the pegs

Make a dot exactly beneath each string and as far from a as Fic 24 B
possible, then take the three balance readings

Unhook each balance from 1its peg and note the reading of the pownter as the balance lies flat on
the table If this reading 18 less than zero, add the suitable correction to the balance reading 1ecorded
on the paper, 1if 1t 1s more than zero, subtract the appropriate amount

* If spring balances are not available, the apparatus may be arranged as in Fig 23 B

[29]
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EXPERIMENT 11 (Continued)

Remove the paper and with great care draw a fine line from the central pomnt through each of the
three outside pomnts The direction of each line will represent the direction of the correspondmng toice
Measure off a distance on each lme which shall be proportional to
the corresponding force, choosing any convenient scale, for example, if

the forces are 700, 1000, and 1200 g, they may be convemently 1epre- 4 B
sented by lines 7, 10, and 12 ¢cm long
With any two of these lines as siles complete a - using Y

a ruler and compasses to get the sides exactly parallel Draw the diag-
onal of this paiallelogram fiom the central pomt a, measure 1ts length,
and find the magmtude of the force which 1t repiesents  Thus, if the
diagonal has a length of 134 mm, 1t would 1epresent n the foregomng
dlustration a force of 1340 g Compare with the 1cading of the third
balance

State m your notebook what you have proved to be true 1euzarding both the magnitude and the
direction of the resultant of two forces which meet at an angle

kic 25

Questions a 1If onc <ingletiee 18 attached 20 1 and the other 25 1 fiom the center-pin of a doubletiee
and the combined pull of the two hoises 13 a force ot 450 1b, with how muny pounds of force 13 each hoise
pulling ?

b If a weight (Fig 25) of 501b 13 hung over the middle, C, of a wne 48 whose breaking stiength 13
501b and the tension at B 13 1ncreased, show that the wire will break when the angle 4 ("B becomes gieater
than 120°

RECORD OF EXPERIMINT
I Parallel forces

Imtial reading of balance I = g, of balance 2 = g
Weight W hung on metcr stick = g
BATANCK T BaraNce 2 1, 1, I+ F Fyoxly Fyxly

W at %0

W at 40 cm .

W at 30 (m

W at 20 cm

II Concurrent forces

Reading of balance 1 = Corrcetion = 1, =

Reading of balance 2 - Correction = r, =

Reading of balance 3 = Conrection = ry =

Scale used lem = g

Length of line 1 = , of lne2 =

Length of diagonal = resultant = error = %
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EXPERIMENT 12
THE LAWS OF THE PENDULUM

I. To find whether or not the time of swing is different for different amplitudes and different
weights. (a) Attach with sealing wax a small weight — preferably, a steel ball about $in 1n
diameter — to a fine thread about 180 c¢m Jlong, and suspend 1t m a wooden clamp with square
jaws, hike that shown in Fig 26

Let a student, A, set hus eye m some particular position, such that the thread 1s m
hne with some fixed maik or small object Then let the pendulum be set mto vibration
through an aic 10 or 12 ¢m long Let a second student, B, keep his eye* on the
second hand of a watch while A taps with Ins pencil upon the table at the mstant
of each passage of the pendulum past the fixed martk When B 18 ready let him call
“now” at the mstant of some tap, and 1ecord the hour, mmute, and second at which he
called 1t, let A take up the count “one” at the mstant of the next tap and continue
up to one hundied Let B record agam the hour, mnute, second, and, if possible, the
fraction of a second, at which the count * one hundied ” occurs

Increase the amplhitude of swing to about 30 em and again observe the tine of one
hundred vibrations exactly as before Make another tiial when the amphtude has been
increased to 2m or more °

(®) Suspend another pendulum, which 1s of the same length from the support to Fia 26
the center of the bob but of quite different mass and material (for example, use for the bob a lead
bullet), and see whether one pendulum gans at all upon the other when they are set going together
through an arc of 30 or 40 cm

So long as the amplitude of swing 13 small, do you find that the period depends upon 1t at all ?
What 1s the effect of a very large amphtude ? What influence has the weight of the bob upon the
period of a pendulum ?

II. To find the relation between the lengths of two pendulums and their periods Replace the last
pendulum by a second one, which has a bob like the first, and adjust its length by shpping 1t through
the clamp, the screw being only moderately tight, until 1t 18 just one fourth as long as the first pen-
dulum (The length of each 18 the distance trom the bottom of the clamp to the top of the ball plus
the radius of the ball )

Using a small amplhitude, take the time of 100 vibrations

Make the pendulum one ninth of its original length and take the time of 100 vibrations

With the aid of the ratios found, as indicated m the data record, state the law of lengths.

Questions a From the mean time of one vibiation of the three trials made with the long pendulum
using a small arc, and from the measuied length of this pendulum, compute with the aid of the proportion-
ality shown in II the length of a pendulum which will beat seconds

b It 1s shown 1n more advanced work in physics that the period of a pendulum ¢ in terms of its length

! and the value of the acceleration ¢ due to giavity, 1s given by the equation ¢ = 'rr@ Using the period
and length of the first pendulum, compute g for your locality g

¢ If the square of the period 1s directly proportional to the length of the pendulum, what kind of a
graph would be obtained by plotting the squares of the periods for several pendulums as horizontal dis-
tances and the corresponding lengths as veitical distances ? If time permits, verify your answer by plotting
your own data in that way

# If the second hand 18 observed through a reading glass of moderate power or the linen tester of Exp 47, 1t will be
found eagy to estimate fifths of a second
[31]



EXPERIMENT 12 (Continued)

RECORD OF EXPERIMENT

I (a) Effect of amplitude

ARG 10 CM

LIMF OF BEGINNING
counT

Sample trial
First trial
Second tiial
Thard trial

ARC 30CMm
First trial

Sceond trial

ARG 200(™m
First trial

10h 45m 10 4s

(b) Effect of different weight

1

II Relation between lengths and periods

Length of pendulums, No 1 =

Period of pendulums, No 1 =
Length No 1 _ Period No 1

2
Length No 2 \Peitod ITJE) =

1IML OF ENDING TIME 01 ONE
CounTt TorAL 1umx VIBRATION
10b 47m 25 08 134 68 13468
Mean =
Mcan =
cm, No 2= ¢m, No 3
wec, No 2 wc, No 3 -

Length No 1 0 (!’on‘od_x\'u 1\ _
Length No 3 Pcirod No J) -

£s21

cm

se.



EXPERIMENT 13

RELATION BETWEEN FORCE ACTING UPON AN ELASTIC BODY AND THE
DISPLACEMENT PRODUCED (IIOOKE’S LAW)

I. Stretching. Set up a steel spring S and a murror-scale 2, n the manner shown i Fig 27

Take the reading of the mdex upon the scale when only the weight holder hangs from the spring.
In so dong place the eye so that the 1mage of the tip of the pomter p, as scen 1 the muror, 1s exactly
m lime with the tip of the pomter itself Record the position at which the line of sight crosses the
muzor scale, reading to the nearest tenth mllimeter (this tenth-millimeter place bemg,
of course, an estimate) F

Increase the weight upon the pan 100 g at a time until 1t has reached o total of of]
400 g, and take the 1cading on the scale after cach addition

Then 1emove the weights 100 g at a time and take the corresponding 1cadings

II Bending Set up the muror scale behind the middle of a thin wooden o1 steel
10d supported as m Ifig 28 and take agamn a set of readings hike those m I, the mdex P
bemng now the pomt of a pin stuck with wax to the middle of the 10d

Finally, show graphically the relation between displacement and the foree produc-
mg 1t Let distances along O, that 15, to the 11ight of the ongm 0 of the graph, -
1epresent forces, and distances along OY, that 15, above the origin O of the graph,
tepresent displacements  Choose the scales uscd so that the graphs neaily fill the
page of coordinate papcr  Plot both sets of data on the same sheet — Ea

With a straightedge draw two strught lines through the onigm 0, which shall Fra 27
come nearest to all the pomts  Why do these graphs* pass through the origm ?

State m your own woirds m the notebook the lawv winch the above study of two different sorts of
elastie displacement has shown to exast between the distortmg force # and the displacement D wlich
this force produces

State this 1esult m the form
of an equation

III Substitute for I  (The
spring balance ) With a centimetcr =
rule measure the distance from the
zero to the 500-g maik on the bal- L
ance, fiom the zero to the 1000-g
mark, etc

What 1elation do you find
exists between the distance the sprung m the balance 1s stretched and the stretching weight ?

Plot the result of these observations, letting distances along OX 1epresent the stietching forces,
and distances along OY the correspondme elongations of the spring

How would you proceed to giaduate a sprng balance that had no marks on 1t so that 1t would
read m grams ?

Would a sprng balance graduated at sca level give correct 1eadings if taken to the top of a lngh
mountamn ? Why ?

How would the 1eadings of a spuing balance be affected if 1t were taken from sea level at the
equator to sea level at the north pole? Why ?

MJ

(

— 3
Fic 28

* If the spring has an imtial **set’”” due to the twist in the wire as the spiing 18 coilled when made, the pan should be
heavy enough to stretch 1t sufficiently to make a slight space between adjacent turns, otherwise the graph will not pass
through the origin - Why *
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EXPERIMENT 13 (Confinued)

RECORD OF EXPERIMENT

1

Spring

Pan rcuding =
100-g reading =
200 g reading =
300-g
400 g
300-g
200-g
100-g
Pan reading =

reading =
reading =
reading =
reading =
rcading -

Intferences

111

Raod

Differences

Marks on Balance

Distance

0 to
0 to 1000 g
0 to 1500 g
0 to 2000 g

500 g

cm
«an
om

om
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EXPERIMENT 14

THE PRESSURE COEFFICIENT OF EXPANSION OF A GAS AND THE
MEANING OF ABSOLUTE ZERO

Experiments 14 and 14 A are mntended as alternatives, the choice depending upon equipment
It 18 mteresting, however, to have a part of the class peiform 14 and a pait 14 A, and then to let
them compaie results

Charles found that when a body of gas 18 heated 1n a closed vessel the volume of which 1s kept
constant, the pressure which the gas exerts agamnst the walls of the vessel increases as the temperature
rises The ratio between the mciease m pressure per degree and the pressure which the gas exerts at
0°C 18 called the pressure coefficient of erpansion of the gas For example, if £ 1ep-

1esents the pressure at a temperature of t°C and £ the pressure at 0°C, then the ﬁ s
ncrease 1n pressure has been £ — 12, the merease per degice has been ~— f » and g
the pressure coeflicient ¢ 13 this merease divided by £ Thus, t Fﬁ H
« - Z*_')_ le y; ‘B- ; E
it ST P
To find this coefficient experimentally, first read the barometer  Then, before o
attaching the bulb B, adjust the aims a and & (Fig 29) until the mercury mn each
stands, say, b cm above the bottom of the scale S, the distance from the bottom
of § to the pomt of attachment of the 1ubber tubing to the arm b bemg at least
30 em and the distance from the mercury surface m a to the sciatch m on the )
tube @ bemng about 4 (m %ﬂ
Now mtroduce about 1 or 2¢e of phosphorus pentoxide into B to keep the Fio 20

air m B perfectly dry, then attach f3, as m the figure, with a it of thuck walled gum-
rubber tubing and pack wet snow or crushed 1ce about 1t 1n a vessel ¥ until B 13 completely covered

Raise the arm & until the mercary mn @ 15 just opposite the seratch m, tapping a gently with a pencil
to prevent the mercury from sticking  Wait two or three minutes to make sure that the air in B has
reached the temperature of the ice, and then adjust agan to the scratch m and read on the scale §
the levels in both @ and &

Put the bulb mto the steam generator shown m Fig 31, and boil the water Adjust the arm b
unt1l the level m @ 1 agam at m, tap and agan 1ead the levels of the mercury mn @ and &

Immedrately after this readiny lower the arm b to its first position, 8o that the mercury may not be drawn
over wnto B as the bulb cools

From your data compute ¢, as indicated mn the data 1ecord

State m your own way in your notebook what the * pressure cocfficient of expansion ¢’ means

Questions a What per cent of error would have been introduced nto your numerator, P, — P, and
therefore 1nto your result, by an error of half a millimeter 1n this 1ncrease 1n pressuie when the gas 1s heated ?

b If the boiling point of water on the day of your expeniment were 99 5° instead of 100°, what per cent
of error would you have mtioduced 1nto your result by calling 1t 100°? On the whole 18 your result as ac-
curate as you could have expected, 1n view of such sources of error as you can see ?

¢ If a gas at 0°C 18 cooled at constant volume, and 1f the pressure decreases 5}y of what 1t was at 0°C
for each degree cooled, how many degrees would 1t have to be cooled to reduce the pressure to nothing ?

d At this temperature would the molecules be 1n motion ? Explain what absolute sero means

e Show from your results in this experiment that when a gas 1s heated at constant volume, the pressure

0 ”r
18 directly proportional to the absolute temperature , that 1s, h_6+213_ ﬁ (Chailes’s law)
2
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EXPERIMENT 14 (Continued)

RECORD OF EXPERIMENT

Barometer reading = cm

Reading 1n a at 0°C = cm )} Dafference = cm

Reading in b at 0° C = <m } I, = «m

Reading 1n a at 100° ¢ = cm Difference = cm

Reading m b at 100°C = cm Poy = em

C = %%;’0:1‘%)9 = =1 Accepted value = 00307 = 51,4 Por cent of error =
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EXPERIMENT 14 A
THE VOLUME COEFFICIENT OF EXPANSION OF A GAS (GAY-LUSSAC’S LAW)

Gay-Lussac found that when o confined body of gas 13 kept under constant pressure and heated,
its volume mereased at the same 1ate at which 1its pressuie mereased when the volume was kept
constant (see Exp 14)

When a confined body of gas 15 kept under constant pressure and heated, 1t follows, fiom Boyle’s
law, that 1ts volume must mciease at the same 1ate at wlich 1ts pressure would merease if the volume
were kept constant  The 1atio between the mcaease m volume per degiee and the
volume at 0°C 15 called the volume coefficeent of eapanswon, that 1, 1k ¥ - and v, d
1epresent the volumes at 100°C and 0°C 1espectively, then the volume coefhicient
« 15 given by the equation Vu— Y,

1005,

This coefficient may be defined as the eapansion at 0° (" per cubic centumeter per
degrce Iy should be the same as the pressure coefhaient discussed above

To find 1t expermmentally, let a thicad of diy an about 20-25 ¢m long be con-
fined by o mercury mdex 2 o1 3 «m long m a prece ot barometer tubing wiich 1s
sealed at onc end and 15 about 40 cm long *  (See g 30 )

Fust mcwuwre ¢ wctully and 1ecord the longth B¢ of the meremry index and the
total length .10 of the bore, allowmg as best you can for the fact that the bore 15
not quite umform very ncar the closed end  Then stand the tube upnight, closed
end down, m « battery jar, and pack wetb snow about 1t up to the mdex  Tap the
tube with a pcneil, and, when the mdex 1emams constant, measure from 4 to the top
B of the mdcx  Remove the tube and push it through the hole m the cotk which
closes the steam generator of Figs 31 and 41 After the stcam has been 1ssumng
from the upper vent tor a mmute or two adjust the height of the tube m the cork
50 that the upper (nd of the mdex 15 just on a level wath the top of the cork, and
then measure lrom .{ to the top of the cotk Smee the tube 15 of approximately
unmitorm bore, yon may take the diftczence between the last two measurements as
Viw—V, Ifrom the fust three readings find the length ot the thread of aw at 0°C
and call 1t ¥, Compute ¢ from your data

-=-~8to12cm - ~--v
1
1
Cotton Calcium (hicnde

P

m e { f— N

:

l

L
[

4 to2mm

)
&

- c

8 £0 35 O ———=————=——m———— =¥

at 20 ¢
Air

Questions a Ts your entor larger thin would be weounted for by an enor of, say,
5mm m measuting I, — V7
If s0, 1t 15 probable either that the bore 15 not uniform or that the confined an 1s not
thoroughly dry
b Show trom the 1esults of this experiment that when a gas 15 heated at constant pressure the volume
18 duectly proportional to the absolute temperatuie, thit 1,
T 4218 T
v, ,+213 1
¢ If Exp 9 (Boyle’s law) was performed at 20°C, what would have been the value of the constant PV
had the experiment been performed at 25°C ?

== —-20to 25 ecm —--~=~%-2 t0 3 cm-*

Ko o e e D),

D

I
P
|
|

Vo

i

2

* To make such tubes, take barometer tubing of about 1 5-mm bore, clean 1t with hot aqua regia or a hot solution of
potassium bichromate 1n strong sulphuric acid, then rinse with distilled water, and dry by gently heating while a current of
air passes first through a calcium-chloride diying tube and then through the barometer tube Seal one end quickly in a Bun-
sen burner, and with a capillary funnel introduce the thread of mercury BC Attach the cotton- and calcium chloride-tube to
keep the inside of the tube dry, and the tube should work satisfactorily for months If the drying tube 18 not used, mosture
will work past the mercury thread as 1t moves back and forth
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EXPERIMENT 14 A (Continued)

RECORD OF EXPERIMENT

Length of index, BC = wm

Length of bore, A D = cm

From A to index at 0°C, AR, = cm

From A to index at 100°C, 4B, ,, = cm

Viea— Vo = ABs — A3 = cm

Vo=AD — (AB, + BC) = cm

C = KIL%O(.):VKQ = =1 Accepted value = 00367 = z}5 Per cent of error =

°
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EXPERIMENT 15
COEFFICIENT OF EXPANSION OF BRASS

The linear coefficient of expansion of a solid 1s equal to that fractional part of 1ts length which 1t
mecreases when heated 1°C  The coefficient of expansion of brass 1s 0000187, tlus means that a foot
of brass rod will mcrease 0000187 ft n length when heated 1°C, o1 that 1 em will ncrease
0000187 cm 1n length when heated 1°C, ete

Thus, 1if 1, represents the length at a temperature ¢, and [, at a temperature ¢, the increase m length

per degree 1s ?’_ i‘, and the fractional part which this 1s of the length 18 the linear coefhcient of

2 1
expansion £ Thus, b L=

B ll (ts - tl)

A shallow tiansverse groove 1s filed at some pomt ¢ (Fig 31) near one end of a piece of brass
tubmg o about a meter long and a centimeter m diameter

Place this tube upon two wooden blocks 4 and £ so that the groove rests upon a sharp metal edge
attached to 4 while the other end 1s supported by a piece of glass or brass tubing 4 about 6 mm 1n
diameter, which 1n turn rests upon a smooth glass plate waxed to the top of B To one end of the
glass 10d b 4 ponter p about 20 cm
long 15 attached by means of seal-
g wax When the brass tube oc

18 heated, 1ts expansion causes b to @

roll forward, and this produces a (\h\ b i

motion of the end of the pomnter p H 77—"’ A

over the muior scale s 3 ‘rr/“"r E EV
Attach the tube oc, as n the fig- Fie 81 '

ure, to a steam boiler ontainmg

at first only cold water Then msert a thermometer mto the open end o of the biass tube oc

Give the thermometer thiee or four minutes to take up the temperatuie of the tube, then read
and record, and replace 1t 1 o

Measure with a meter stick the distance between the knife-edge ¢ and the middle of the 1od &
Call tlus length 7,

Record the position of the tp of the pomnter upon the mirror scale s, estimating very carefully to
tenths of a millmeter Call tlus reading S, In taking this reading, sight (as always) across the
mnage of the pomnter and the pomnter itself

Apply heat to the boiler until steam passes rapudly through the tube If the current of steam 1s
sufficiently strong, the brass tube will not need a nonconducting covering Nevertheless 1t 15 generally
advisable before beginning the experiment to 101l up a paper tube about 1% em in diameter, and to
ship 1t over the tube between ¢ and b in order to minimize heat losses

After steam has been 1ssumng from o for one or two minutes, take agamn the reading of the
pomter p upon the scale 8 Call this reading S,

Take the reading of the thermometer as 1t lies 1 the tube surrounded by the steam escaping from o.

Measure with the meter stick the length of the pomnter p from its tip to the middle of &

Measure with the micrometer caliper the diameter of b, taking readings upon at least three
different diameters This measurement should be made with an accuracy of at least 01 mm If the
calipers are not available, wrap a fine linen thread ten or twenty tumes aroand &, measure the length
of the thread, and from this compute the diameter
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EXPERIMENT 15 (Continued)

From Fig 82 1t will be seen that at any given mstant the rod b 1s rotating about the lower end
of 1ts own vertical diameter, and that while the upper end of this diameter 18 moved a distance (7, — 1),
the pomter p moves through the same angle over the distance (8, — S,) Then from simlar triangles,

(lz — 71) — (Sz - ‘S'l), or ([ . l) — _‘_(_‘f. - SL) “2'11) S,
b p 2 1 1' o
Using this value of (7, — 1), compute k& b
In caleculating be sure that you express all -
P 8y

length measurements mn the same units, that i, all

k1
m centimetcrs ¢

™

Questions a The observationil e11ors 1 this expernment amount to about 2¢/  Are yow 1esults as
wecurate 18 you should expect ?

b If a cube of biws 1dm on a side 15 hoted 1°C ) whit will be ats volume ? what 15 the mcaease
volumne » what 15 the volume cocthcient of ¢ xpansion of br s 2

¢ What 1elation do you sce between the volume and the hinear cocfhaents ot expansion ?

d How are wagon tites put on v woodcn wheel to make them vay tight 2

¢

RFCORD Ol ENPLRIMLNT

Length of ), or 1, = (m
Fust tempaature of rod, 1, = °(
-ty = °C
Second temperature of rod, ¢ °(
Farst reading on scale, & = cm
(S — ) = cm
Second reading on scle S, = cm
Diameter of - cm ]
., =10 = «m
Length of pomnter, p «m J
I, = 11) >
k= 22—l = Accepted value = 0000167 Per cent ot crror =
Litz—1)
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EXPERIMENT 16
THE PRINCIPLE OF MOMENTS

Slip the meter bar 4B through the shding knife-edge support ¢ (Fig 33) until 1t will rest exactly
horizontally when the kmfu-cdge 1ests upon the glass suitaces of the wooden fiame f See that € 1s
clamped firmly to the bai, read the position of the knife-edge on the bai, and then proceed as follows

() By means of thread hang a 100-g weight W, from a point near one end ot the beam and find
the pont at which a 200-g weight I, must be hung on the other side 1n order that the bar may 1est
again 1 an exactly horwzontal posi-
tion Take the product of each
weight by 1ts distance fiom the ¢
fulctum  What relation do you dis- o
cover between these two moments ? B8
(The product of a force by the lever
arm on which 1t acts 15 called the
moment of the foice) Fio 83

() MHang two weights, say a
100-g waght W, and a 50-g waght W, at different pomtson the left side of the fulerum and not
too €lose to 1t, and then balance the lever by hanging a 200-g weight 17, at the proper pomt on the
other side  Compare the sum of the moments of I/, and W, with the moment ot ¥,

() Hang some nnknown weight .\ from a pomt ncar the left end at a distance £ {1om the fulerum,
and balance 1t by a known weight 7 hung at the proper pomt on the other side By applying the
prineiple of moments, which you learned m («) and (4), ind the value of X' Weigh 1t on the balance
and compate the two rcsults

(d) Mang from difterent pomts on the lett side an unknown weight A" and a known waght W,
and balance by two known weights W, and W, placed at diftercnt pomts on the other side et I
represent the distance of Y fiom the fulcrum  Compute the weight of the unknown body and compare
with the result of a dneet weighng.

(¢) Ship the knife-edge €' to some pomt O such that O("15 10-15 cm, and clamp Shp a known
weight 17, say 200 ¢, along between O and B until the beam 1ests honizontally when placed m the
support  Then by applymg the pimaple of moments find the weight of the beam on the assumption
that the whole effect of the earth’s attraction on the beam 15 equivalint to one single force equal to
the whole weight of the beam and applied at the fust position of the kmife-edge, that 1s, at C, the
center of gravity of the beam

If X 1epresents the weight of the beam, the principle of moments then gives

A

X x distance ('O = known weight x 1its distance from O

Compare the 1esult with a direct weighing of the beam

Questons a State what general conclusion you are able to diaw from («) and ()

b State what method the experuments have shown you for finding the weight of any body without the
aid of a pair of scales

¢ Whete does the result of (¢) show that the total weight of a body, that 15, the sum of the forces of
gravity which act upon 1ts particles, may be considered as concentiated ?

d A gate 14 x 5 ft, weighing 100 1b, 15 supported at the end by two hinges 4 ft apait What 13 the
pull on the upper hinge 1 pounds ? (Apply principle of moments, consider center of giavity of gate at the
center of the gate )

e If a boy weighing 100 1b stands on the end of the gate, what will then be the pull on the upper hinge ?
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EXPERIMENT 16 (Continued)

RECORD OF EXPERIMENT

1ts lever arm =
1ts lever arm =

1ts lever arm

1ts lever arm =

1ts lever arm =

1ts lever arm =
A

1ts lever arm

i

1ts lever arm

It

1t9 lever arm =

AN =

(¢) Reading of knife-edge, at ("

w
oC x X

I

.

, 1ts lever axm

, X

Il

?

)
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1t8s moment =
b

1ts moment =
1ts moment = ’
1t8 moment = }

1ts moment = s {

1t8 moment =

by direct weighing A

1ts moment =

1ts momant = },

1ts moment =

by direct waghing X
, at O = ,
, 1ts moment =

, by dnect waghing X =

per cent of daffer-
ence =

sum =

per cent of differ-
ence =

sum =

oC =



EXPERIMENT 17
THE PRINCIPLE OF WORK AND THE EFFICIENCY OF THE INCLINED PLANE

1. Principle of work. Smce the work which a force accomplishes 1s equal to the product of the
force by the distance through which 1t moves the pomnt upon which 1t acts, the work done by a force
F (Fig 34) n moving a mass a cistance I (= on) up the mchned plane on 18 equal to FI But the
work done agamnst gravity 18 equal to the product of the weight W which 15 moved times the vertical
height & (= mn) through which W has been raised

The object of this expernment 13 to find what relation would
exist between the work F7 of the acting force and the work Wh
of the resisting force, mn case there were no friction

First weigh the car to be used on the mchined plane Call
this weight C

Then with the mchned plane set at an angle of approxi-
mately 45° hang enough 100-g weights at # to pull the car
up the meline

Now add weights, from a set of weights,
to the car until, with continued shght
tapping on the plane, the car will just
move slowly and uniformly down Call the
weights m the (a1 w,

Remove weights until, with ke tap-
ping, the car moves just as unitormly up
Call the waghts mn the car w,

Take the mean of '+ w and ("+ w, as
the weight 17, which the force 77 would sup- ko 34
poit on the plane 1t there were no fiiction

Measure carefully with a meter stick the height of the plane mn and call 1t £ Similarly, measure
the length of the plane on and call 1t

Set the mclined plane at an angle of about 30° and 1epeat all observations

State m words the prncple of work as proved by your data  Give also the algebraic statement of
this prineiple for the melmed plane

II Efficiency of the inclined plane The efficiency of any machine 15 the 1atio of the useful work
output
than 100 ¢, smce, on account ot fiiction, the output of all machmes 15 less than the mput

In the case of the mclmed plane, theaefore, the efficiency mn terms of the data already taken 1s
gwven by the formula (C+w)h
Il

%

>

accomplished to the work done by the acting force, that 1s, efhoiency = This 18 always less

Eftiaency =

Compute the efficiency for both trials, and 1ecord

Questions a Two hoises pull a loaded wagon weighing 3960 1b up a 5 % grade (one that rises 1 f&
in 20 ft ), 1000 6 long, in 5mimn If the force exerted by each horse 13 165 1b, what 13 the efheiency ?

b In ahow many foot pounds of work does each hoise do per mmute ? This 1s the 1ate at which the
average horse can work as found by James Watt (1736-1819)

¢ In a1f the load had been pulled m a car with ball-bearing wheels, on a steel tiack, how would the
fimency be affected ?

d S;a(;:s ‘L’~wo tr 3 which affect the efficency (}f :;Jlnclmed plane



EXPERIMENT 17 (Continued)

RECORD OF EXPERIMENT
I Principle of work

PER CENT OF
1AL 4 0, L " h ! ‘ l Fxl Woxh DIFFERENCF
1 ’
——— - | -
2 |
II Efficiency
I'RIAT Outiut o Trrrcirney
(C+ugh I xt
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EXPERIMENT 17 A

THE USE OF PULLEYS TO CHANGE THE DIRECTION OF A FORCE, TO
MULTIPLY FORCE, AND TO MULTIPLY SPEED

I The single fixed pulley. With a piece of fish Iine o1 common cord hang a weight ¥/ (the resist-
ance) of about 1 o1 2 kg over the pulley, as shown m [ (Iig 35)

(@) Iaft the waight by pulling uniformly and slowly down on the hook of the balance, taking 1its
reading as you do so Add to this 1eadimg the weight of the balance, to get # (down) In a similar
way obtamn £ (up) The average

of F (down) and F (up) gives what I < il o — Y_,,{H(z’
the torce would be without fuiction LS Y~y < S
Denote this by # 1 )
(») How far docs the actmg >
force ¥ (the effort) move to hift the i N
9 A

weight F' (the 1esistance) 10 ¢m
These distances are called S and
S’ 1espectively -

() Compute #x Sand #'x §’,

F'—p and S— N, and the elli- I_IF’ é

vency, or (F'x 8"y — (F(down) | o k ™

X ), that 15, ontput — mput F °/
(d) From the acddation between

Fx S and 1" x 8 «tate the pun l—i—]lv”

ciple ot work Fre 35

(¢) The quotient #'— /7, that
13, the 1atio of the resistwce to the eftort, 15 ealled the mechanical advantage  State m your record
two other ways of findimg the mechamcal advantage of o system of pulleys

II The smngle movable pulley Take a st of obscrvations smular to those of I, (@) and I, (8),
usmg the pulley as antanged m 77 (Fig 35) In this case, however, do not add the weight of the
balance to the balance 1eading to get 27 (down) o1 & (up) Add the waght of the pulley to that ot
the mass hftcd, to get 77

III Usiag a block and tackle similar to that shown m 271 (1) or 111 (?) of Fig 35, make with 1ts
aid observations and computations hke those m I

IV Hang a small waght, say 100 g, on the free end of the stung of 11T (1) at F (Fig 85), and
with the hand pull down at #' mstcad of using the weight /7 Is the mechanical advantage now equal

to the number of strands » leaving the movable pulley, or 15 1t = ?
n

With this arrangement 15 1t force or speed that 1s multiphed ?

Which 1s multiphied when the mechamcal advantage 1s less than 1?2 Which 1s multiplied when the
mechanical advantage 15 greater than 17

Questions a Will 1t take more or less work to host a heavy weight to the top of a high building with
a block and tackle than to hitt 1t directly fiom above with a single 10pe attached ? Why 15 the block and
tackle used /

b Draw a diagram 1 your hook of a block and tackle whose mechanical advantage 13 4, of one used so
that 1ts mechanical advantage 15 }

¢ Why 13 the efficiency of a pulley, or of a system of pulleys, always considerably lower than that of
a lever or of a system of levers ?
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Data

EXPERIMENT 17 A (Continued)

RECORD OF EXPERIMENT

Weight of balance = g
Weight of single pulley = g
Weight of block and tackle = g
F (DOWN) F (Ur) 7 S i 5
I 10 cm
1T 10 un
I 10 em
Calculations
PrINCII LI OF WORK MECHANICAT ADVANIACH
— — - —_— - - | — - - LIFICTENCY
Ixs xS 1 -k .- Number of Support | ¥/ — F (down)x §
mg Strands
I
— —_ [ e o _— e - —
1I *
III

» In this case efhaency = F/S —F (up) X S, since the cftort F acts up m ovaconung the resistance ¥/
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EXPERIMENT 18

WHEN ONE CUBIC FOOT OF THE GAS PRODUCED BY YOUR HOME GAS COMPANY
IS BURNED, HOW MUCH HEAT IS PRODUCED BY THE COMBUSTION ?

First attach tube 4 of Fig 36 to the gas mam  Then, m order that you may be sure of complete
combustion, adjust the Bunsen burner until, when burning low, the air supply 1s sufficient to make 1t
burn with a rustling sound and a blue flame When satisfactorily adjusted, record the reading of the
water manometer G .

To fill the tmproviscd eras meter Togasman
of Fig 36 remove the weight W ﬂ,"’,
fiom the top of the gas contamer, f
close stopcock €', open C, and allow Gus
the gas to enter until the meter 1s |
filled ‘J

Now attach tube 4 to C', re- |
place the weight W, and open ¢’ |
until, with the burncr highted, the |

Al

manometer G reads the same as

before
Then place the burner under some form ot Junker calorimeter and adjust the flow of water until
the temperature ot the ot lowm r water 18 about as much above the temperature of the room as that

of the mflowing water 15 below the temperature of the room  As soon as the temperature of the out-
flowing water 15 constant and just as the gas meter reads some tenth of a cubic foot, as 1cad on the
scale S, note the reading of the gas meter and i the same mstant place a pail under the outflow of
the calormmetex

Record the temperatures of both the mflowmg and the outflowmg water about every minute during
the time of the experiment

When 1cu it of gas has been consumed, remove the pail from under the outflow of the calorim-
eter, at the same mstant reading the gas meter

Noti It probably will be found more convenient to use less than a cubie foot of gas

From the weight of the water and 1ts rise 1 temperature as 1t passed through the calorimeter
compute how much heat 13 produced by the combustion of 1 cu ft of the gas used

Quantities of heat are measured m either British Thermal Umits (B T U ) or in calories

A Bntish thermal unit 15 the amount of heat which passes mto 1 1b of water when 1ts temperature
nses 1°F, o1 the amount which passes out when its temperature falls 1°F  Hence the number of
BTU produced by the combustion of 1 cu ft of gas 18 given by the product of the number of
pounds of water which pass through the calorimeter while 1 cu ft of gas 1s burned and the rise n
temperature of the water in degrees Fahrenheit

Simlarly, a calorie 1s the amount of heat which passes into 1 g of water when 1ts temperature rises
1°C, or the amount which passes out when 1ts temperature falls 1°C

Since m 11b there are 453 6 g, and <ince 1 1°I* there are §° C, 1t follows that n 1 BT U there
are & (453 6), or 252, calories Hence 1f the weight of the water 1s taken 1n grams and 1its rise i tem-
perature 1n degrees centigrade, the number of BT U 1s given by

BTU = (weight of water i grams) X (rise mn_temperature m degrees C )
- 252
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EXPERIMENT 18 (Continued)

Question. 1f 509, of the heat of combustion of the gas burned in a hot-water heater passes into the
ater, how much will 1t cost per month to heat daily 40 gal of water (1 gal =81b) from 50°F to 180°F,
1e gas used being of the same quality as that used in this experiment, and the price being that charged by
»ur home company ?

RECORD OF EXPLRIMENT
Reading of water manometer =

Reading of gas meter at start =

I

number of cubie feet of gas used
Reading of gas meter at end =
Temperature of inflowiny watcr —
115¢ 10 temperaturc of watcr =
Tempecrature of outflowing watar = j
Weight of pail =
waight of water passed through calorimcter =
Weight of paul plus water =

number of B I U produced = (waght of water 1n pounds) x (n1se m tempervure in dogrees F,

(werght of watcr in grams) X (11sc an temper bure i degrees )
252

or number of BT U produced =

Number of BT U produced per cubic foot of gas consumed =

The gradc of gas 1cquired by your ity ordinance 18 such that the numba of B 1 U produced per

cubic foot of gas =
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EXPERIMENT 18 A

EFFICIENCY AND COST OF OPERATION OF COMMERCIAL GAS BURMNLRS
AND KETTLES*

Attach one of the burneis shown m Fig 37 o1 any sumlar buiner to the mprovised gas meter of
Fig 36 or to an omdmary gas meter

Place 1 or 2 qt (L qt =21b) of water at about 15°C* (59° I ) m an ordmary teakettle

With a thamometer take the temperatuie of the water, and when the gas meter reads some tenth
of a cubie foot, place the kettle
of water on the buiner to heat

Watch the thetmome ter, and
1s soon as the water 1caches the
woilimg pomt tuin off the gas
rom the buincr and 1ecord the
eading of the gas mcter

The “output,” o1 nseful heat
sbtamed, expresscd m BT U,
= (number of pounds of water heated) X (1ise m temperatwie of watar m degrecs Fahienheit)

The “wmput,” m BT U, = (number ot cabne fcet of gas used) x (number of BT U produced
3y combustion of 1w 1t) The number ot BT U produced by the combustion of 1 cu 1t of gas
s to be tahen from Exp 18 or obtamed from the mstructor

Questions a At 80 cents por thousand cubie feet of gas, how much dud 1t cost to boil the water for
s experment ?

b How many quarts of watcr could be 1used from the sune tempertwie to the botling pomt for 1 cent ?

¢ Invsmlu way we shill Jatar detcamime how many quaits of witer cwn be boiled for 1 cent when
he clectric heatcr 15 used 1 place of the gis heater - We can then sce which 1s the moie ethaent —in
sthar words, the more economical, for m such work economy 15 the 1eal test of ethaency

RLCORD O TXPLRIMINT
Weight of toihettle =
waight of water =

Werght of toakcttle + water =

Init1al tonperature of water =
11s¢ 1 temperaturc of water =

i
J
Tnal temperature of boiling water = f
N

Fust rcading of gas mcter =
} number of cubice feet of gas used =

Sccond reading of gas meter =

output in BT U7

bined effi f1 and kettle =
Combined efficiency of burner anc e mputn B 1 1

(number of pounds of water) (rs¢ 1n tcmperature 1n degrees I ) %
(mlmlm of cubic feet of gas used) (numba of B 1 U produced by 1 cu ft ) ’

* It 18 suggcsted that this cxperiment may be casily performed at home, using the gas-range burner and your own gas
neter and kettle
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EXPERIMENL 19

TO FIND THE SPECIFIC HEAT OF A METAL, THAT IS, THE NUMBER OF CALORIES
OF HEAT GIVEN UP BY ONE GRAM OF A METAL IN COOLING 1°C

(a) Let three students work m a group wlile taking the data for this expeniment Let each
student fill a boiler like that of Fig 42 with water until 1t stands about halt an inch high m the gauge,
and then light a Bunsen burner under each boiler

(b) Let student A place a dipper like that of Fig 88 on the left pan of the scales, and balance 1t
with weights on the right pan Then add 1000 g to the right pan and pour shot mto the dipper until
1t agam balances (Do not try to get an exact balance, one or two shot, more or less, will make no
appreciable dufference ) Set the dipper mside the boiler and msert a thermometel
through a loose-fitting cork or mmprovised cover, working 1t well down nto the shot

(¢) Let student B follow the mstiuctions m (b), usmg 300 g of ron pellets
(or nails), and student C, using 150 g of alummum pellets (or alummum punchings)

(@) Each student should now weigh o1 measure out 250 g of cold water (12°C
or 15°C below room temperature) and place 1t i the mner vessel, which 18 sup-
ported by 1ts 1ing n the outcr vessel of the caloruneter

(¢) Wiath a glass rod or pencil stir the metals every four or five mmutes until Fia 38
their temperatutes become about 95°C to 100°C

() Let each student now 1ead the temperature, on the same thermometer, of the cold water pre-
pared by A, when 1t 15 about 9°C o1 10°C below 100m temperature, see that all dew on the inner
calorimeter, if any formed, 13 wiped oft, 1ecord the temperature of the cold water and that of the shot,
o~tmawan 2 tenths of o degree, and quickly pour the lead shot from the dipper mnto his calorimeter
Stir the mixture two minutes and record the temperatute of the mixture, carefully estimating tenths
of a degice

() In the same way as m (f) the three students shonld take the data with the materials prepared
by B and C, m each of these cases as before having the cold water 9° C o1 10° C. below room tempera-
ture just before pouring the hot metal into the calormeter Now spread out the metals used on
cloths to dry

(&) If we let S, represent the number of calories of heat given up by 1g of metal m cooling
1°C, that 1s, 1ts specific heat, then m cooling from the temperatuie of the metal, ¢, to the tempera-
ture of the mixture, ¢,,., 1 g of the metal would give up (¢, — t,,,) S, calories, and the total mass of
the metal, M, would give up M, (t,—t,,) S, calonies This must equal the heat received by the
water and calotimeter acvording to the law of mixtures (Ifeat lost by the body or bodies cooled =
heat gamed by the body or bodies warmed )

I’Iellce we ha,VB Calorics out of Metal Calories into Water Calories into Calorimeter®
— A

Mm (tm - tnnx) Sn: = ,j”w ((mix - tw) 1 + rj‘[e (tmnx - w) 095"

where the subscript m refers to the metal used, “mix” to mixture, ¢ to calorimeter, and w to water alone
(x) Write out the numerical equation for each metal used and solve 1t for §, Explamn what each
part of the equation represents
State 1n your notebook what you understand to be repiesented by the quantity S, which you

have found t

* Take the specific heat of the calorimeter as 005

t A further very interesting experiment which may be inserted for the benefit of those who have time and inchination for
extra work 18 the following

To find the temperature of a white-hot body By means of a thin copper wire suspend from a supgbrt placed from 50 cm to
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EXPERIMENT 19 (Continued)

When the shot and the water were mixed, the changes in the temperature of each took place very
rapidly at first, but very slowly as the temperature of each approached the final value Can you see
a 1eason, theiefore, why 1t was advisable to choose the conditions so that the final temperature should
be close to the tcmpcerature of the room ? Remember i your answer that 1t was necessary to wait two
or three mimutes for the mixture to 1cach its final temperature, and that a body which 13 hotter than
the room 18 always losimg heat to the 1oom, while one which 1s colder than the 100m 13 always gamning
heat from 1t 1t 15 these losses of heat by 1adiation winch constitute the greatest dithculty m the way
of accurate measurements by the mcthod of mivtures

RIECORD OF TNXPIRIMLNT

MITE 11M11 RA- ! « NETRI
Wiiant ot Il’u'n'll t‘u\ W ot IUR: (Kr:\ JxlululLl :ln\ <‘>: ](l \lxi(l) :\n \fr:r ACTIID b Cene
M rAL MLrAT WasLe ’ VALUL o1
Miiau M Warik MiINIURE RIMI LI R MArtr ok ot I rRrow
M w S
n Tu fmix ) Sa
Lead
Iron
SENSIS—— « —_— = R — —— —
Alvimnum

kquation for lcad
Lquation for non

Lquation for alummum

100 em above the tiblc a prcce of copper 1od about 2 cm long and 12 mm 1 diumeter  Adjust the length of the suspension
s0 that the copper hangs in the hottest put ot v Bunsen flune (Just above the inner cond)

Weigh a calonmmetor of 300 co capacity , then fill 1t about halt tull of witcr whose temperture has been reduced 12°¢° o1
15°C below that ot the 100m, wd welgh ygun  Lhen 1eplwe 1t mats jacket

After the coppcr has been hewting for wbout ton mnnutes tike the tanperature of the watar vay cucfully (it should now
be from 8° to 10° bclow the tamperature of the 10omy), then, Wl m the sume second, remove the flunc and hitt the ¢ donmeter
80 as to bung the white hot copper to the bottom of the vessel of water

Stir the water thoroughly for one or two mnutes, then take the final temperature

Weigh the copper rod and with it as much of the copper wire s was immecrsed

Assuming thit 0 95 ¢ dottes (the speatfe hicat of coppcr) came out of each giam of copper for cach degree of fall n 1ts
temperature, ¢culite what was the temper wture of the whitc-hot coppe

Duplicate conditions as neatly as possible and scc how closcly two observations will agrec
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EXPERIMENT 20

THE MECHANICAL EQUIVALENT OF HEAT

The object of this experiment 1s to show that when o falling body strikes the earth, the kinetic
energy of the moving mass 1s tiansformed mto the encigy ot molecular vibrations, that 1s, into heat,
and to find how many gram meters of mechanical energy must disappear m order to produce 1 calonie
of heat Tlis quantity 18 called the meckanial cquvalint of heat
It 15 obtamed by finding the 115¢ m the temperature of shot when 1t
falls thiough a known height

Pour about 2kg of diy shot mto a metal vessel and set 1t m a
cool place, for example, . a bath of ice water, untal 1ts temperature
18 5°C or 6°C below that of the room

Powr this shot mto a paper tube (Fig 39) about a meter long
and 5 o1 6 cm m diameter, made by 1o0llmg up a large number of
tuins of heavy brown paper and then securing them with glue and
sting  The tube should be closed with two tightly fittmg cotks

Mix the shot very thoronghly by shaking the tube and by slowly
mchnimg 1t so that the shot will 1un from end to (nd  In <o domg, Fi 89
howevcr, grasp the tube near the middle 1ather than at the (nds,
for 1t 15 desnable that the temperatuie of the ends be not mfluenced by the heat of the hands

After mverting the tube mn tlns way from five to ten times, remove the upper cotk 4 and sert
cork (' (Fig 39), thiough which passes a thamometer, then gradually melme the tube until all the
shot has 1un down to the thetmometer end and there completcly surrounds the bulb

Holding the tube mclned as m the figure, twist the thcimometer around 1 the shot for about two
mmutes and then take the temperature It this 1s more than 2°C o1 3° C below the temperature of the
1oom, contmue the shakmg and rolling of the shot from one end to the other until 1ts temperature has
riscn to withim about 3° ' of that ot the room

Record this temperature, quickly replace cotk € by cork 4, hold the tube upright, as m the figure,
and tuin 1t end for end, say, seventy times m 1apid suceession, placmg the lower end on the table
at each 1eversal, so that the fallmg shot may not force out the coths At each 1eversal the potential
encigy acquued by the shot m bemng lifted the length of the tube 15 converted mto kinetic energy
m the descent, and tls kinctie enagy 1s all transformed mto heat (neigy at the bottom  On account
of the poor conductivity of cork and paper practically all of this heat goes mto the shot and but an
msignificant portion ot 1t mto the corks and the tube

After the seventy 1eveisals very quickly 1eplace cok A by <ok ¢ and take as before the final
temperatuie ot the shot

Remove cortk €, set the tube on end, and measute the distance from the top of the shot to the
position which was occupied by the bottom of cotk 4 This 13 the mean height through which the
shot has fallcn at each reversal

The total number ot gram meters of work which have been transformed mto heat 15 the weight
7 of the shot x the height 2 of fall (expiressed mn meters) x 70 The number of calories of heat
developed 18 the weight of the shot 7 x 1ts specific heat (0315) x the 1se i temperature (¢, — ¢t))
Hence, 1f J represents the number of giam meters of energy m a calone, we have

J Wx(t,—t)x 0315=70 W &
S X
C(t,—t) 0815
[53]
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EXPERIMENT 20 (Continued)

It will be noticed that the weight W of the shot cancels out, hence 1t need not be taken

In the above directions the attempt 1s made to elimmnate radiation and conduction losses by mak-
mg the mitial temperature of the shot about as far below the temperature of the room as the final
temperature 18 to be above 1t This 1s the usual way of ehmmating radiation, when, as m this case,
the change 1n temperature between the readings of the 1mtial and final temperatures takes place rapidly
and at a umform rate

Repeat the experiment several times 1f time permits

‘What conclusions do you diaw from your experiment ?

The chief source of error i the experiment arises from the fact that the thermometer requires
considerable time to come to the temperature of the shot During all this time the shot 1s gamning or
losing heat by conduction and radiation, so the temperature mdicated may not be quite the mean
temperature of the shot This source of error 1s unavoidable

Questions a Why did we attempt to have the mitial temperature as far below the temperature of the
room as the final temperature was above 1t ?

b If iron shot had been used nstead of lead shot, would the mse 1n temperature be moxe or less than 1t
was with lead shot ?

¢ Why 1s lead better for this experiment than any of the other metals ?

RECORD OF EXPERIMENT
Illustrative data taken by a student

First Inal Seeond Trial Third Trial
Temperature of room = 185°( 18 5°C 18 5°C Mcan value =437 g m
Imtial temperature = 160°C 171°C 167°C
Final temperature = 217°C 22 6oC 210°C Accepted value =427 g m
Number of reversals =100 100 50
Height of fall (%) = 76m 76 m 76 m
Mechanical equivalent =423 g m 439g m 419 ¢ m Per cent of error = 24

Norte The error in th1s expcriment, even with carcful work, muy sometimes be as high as 109
L
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EXPERIMENT 21

COOLING THROUGH CHANGE OF STATE

I. Solidification a heat-evolving process. The object of this experiment 1s to show that just as 1t
requires an expenditure of heat encigy to melt ice or any other erystallme substance, so when water or any
hiquid freezes, that 13, changes back to the crystalline form, heat energy 1s given up to the surroundings

Support vertically i a burette holder or other clamp a test tube i which enough loose crystals of
acetamide have been placed to fill 1t about a third full Then heat gently with a Bunsen burner until
the crystals are all melted * Slowly insert a thermometer mto the hiquud, but watch the thread all
the time, and 1f 1t rises to witlin half an mnch of the top of the bore, mstantly remove the bulb from
the hiquid  Zhe thermometer wall burst under the force of expansion of the mercury of the thread reaches
the top of the bore If there 13 an expansion chamber at the top, this danger 1s of course avoided 1f
there 18 no expansion chambei, 1t will be safer to melt the acetamude by dipping the tube mto boiling
water 1ather than by applymg the flame directly

As soon as the hiquid acetamide has cooled down to about 100° C, mnsert the thermometer m 1t
permanently and, without touching further either the tube or the thermometer, watch carefully both
the Iiquid and the thread of mercury

100

as coolng takes place The tempera-

ture may fall as low as 60°C before o0 i
crystallization begms  As soon as i s HHTE
crystals begin to form, what sort THHHE

of a temperatme change do you o i HiT HH £

obsertve 2 What conclusion do you 2 PRI HEHT

draw from this observation ? Watch £ 20

the temperature for two oi three g HH H £ i
mmutes more and decide whethcr o1 F eofi{HHHH HHRH

not the temperature of a solihifymng st i 3 EH; HHH S
hquid 1emams constant duning the solHATH AT dhiftadcitadssh b hitait
process of sohdification  Since 1t 15 H HHHA HE U
gving up heat 1apidly all this tune, 0 . A H T HELE

1t must get 1t from some source s o8 a4 8 5 2z 3 u BN 27 N a8 s
‘What must this source be ? Timos

II The curve of cooling Agamn Fia 40
raise the temperature to 100°C , taking the precautions mentioned above agamst breaking the thermome-
ter Record the temperature every half mmute as the substance cools fiom about 100° C to 45° C
Plot these obscivations m the manner shown m Fig 40, temperatures being represented by vertical
distances and times by horizontal distances  Thus, the observations plotted m the figure began at
11 15a M and contmued to 11 45a M The curve shows that between 11 15 and 11 195 the
temperature fell rapidly from 100°C to 71 8°C, that 1t then rose suddenly to 79° C, remamed there
five minutes, and then fell slowly duiing the next twenty minutes from 79°C to 48 5° (°

Write m your notebook a snnilar explanation ot your own curve Almost any substance, if kept
very quet and cooled thiough 1ts freezing pomnt, will show the phenomenon of wndercooling exhibited
here by the acetamide, that 1s, 1ts temperature will fall a httle below the freezmg pomt before
crystallization gets started It will then rise suddenly to the freezng pomt and remamn there until
crystallization 18 practically complete Why ?

* If the acetamide has absorbed much moisture, boil 1t
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EXPERIMENT 21 (Continued)

If time permits, dip a test tube contaming a hittle distilled water into a freezing mixture of salt
water and ice, the temperatute of which 1s, say, — 8°C, and see if water too will not show the same
behavior (The tube must be kept very quiet ) If you get the temperatuie down to — 2°C or — 3°C,
Iift the test tube, stir, and obseive the mstant formation of the crystals of ice If you wish to try a
substance which does not undercool, tieat a little naphthaline* precisely as you treated the acetamide

RLCORD OF EXPLRIMENT

Hour Minute

cte te et

# Naphthaline can be obtained at any diug store  Acetamide will have to be purchised at a chemical supply house
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EXPERIMENT 22
THE HEAT OF FUSION OF ICE

The heat of fusion of ice, éhat 13, the number of calories of heat required to change a gram of 1ce
st 0°C 1nto_water at 0°C, or the number given up when a gram of water changes to 1ce, may be
letermmed experimentally as follows

Weigh the mner vessel of a calorimeter of about 800 ce capacity, first when empty and then after
it has been filled about two-thirds full of water *

Heat this water to a temperature of about 25° C above that of the room, then support the mner
vessel by 1ts 1ing 1 the outer vessel of the calorimeter

Prepare a lump of clear 1ce of about the size of a hen’s egg and perform the following operations
m quick succession

While one student 1s drying the 1ce upon a towel, let another stir the water i the calorimeter
Joroughly If 1ts temperatuie 15 less than 15° C above that of the room, heat 1t up agamn until 1t 18
setween 15° C and 25° C above Agam check the weight, for the loss by evaporation may not have
seen mappreciable Stir vigorously, then quickly take a careful reading of the temperature, keeping
he thermometer bulb all the time 1immersed, and not more than a second or two after the reading let
he fust student drop the diy ice into the wate1, bemng very carcful not to spill a drop The splash
nay often be avoided by letting the ice shde along the thermometer mto the water

Stir continuously while the 1ce 18 melting and rcad the temperature of the water just after the ice
1as all disappeared This temperature should be fiom 2°C to 10°C below the temperature of the
oom If 1t should happen to be above the room temperatute, tiy agam with a shghtly larger piece of
ce The Imits here given are chosen so as to make 1t legitimate to assume that the heat exchanges
which take place between the calorimeter and the room are, on the whole, neghgible

Agam weigh the mner vessel of the calonimeter, with 1ts contamed water, and take the difference
setween this waghing and the last as the weight of the ice

Let r represent the heat of fusion of e and w the weight mn grams of the ice melted Then the
wmber of calories expended m melting the 1ce 13 wr After the 1ce 15 melted 1t becomes w grams of
water at 0°C This water 13 then raised to the final temperature ¢ of the mixtuie The number of
*alories requued for this operation 15 wt  All of this heat has come from the coolng of the water and
she calormeter If the weight of the water cooled 1s I and 1ts initial temperatuie ¢, while the water
quivalent of the calorimeter 1s e, (095 X weight of calorimeter), then the total number of calories
niven up by the water and calovimeter 15 (W 4¢) (f, —¢) Hence, by equating “heat lost” and
‘heat gamned,” we have the equation (V' + ¢) (t, —t) = wx 4 wt, from which compute

Questions a What 1s meant by “latent heat of 1ce,” the quantity which you found above ?
b Explain why 1ce rather than ice water 1s used to cool lemonade
¢ Explain what each pait of your numerical equation 1epresents t

* If you use the small cylindeis of Exp 3 for the calorimeters, take just half of the amounts of 1ce and water indicated

t A further experiment on latent heat, which may be introduced for the benefit of those who have time and inclination
or extia work, 18 the following

To find the heat of condensation of steam Pass dry steam into, say, 250 g of cold water, the temperature of which 15 10°C
selow that of the room, until the temperature 1s 10° above that of the room Weigh again to find the weight w of the steam
ondensed

Let x represent the heat of condensation of steam, that 13, the number of caloties of heat given up by a gram of steam in
hanging from steam to water at the same temperature Then the number of caloiies of heat produced by the condensation
f the steam 1s we  The water formed by the condensation of the steam in cooling to the final température ¢ of the mixture
mil give up w (100 — ¢) calories If the weight of the water heated 13 W and 1ts imtial temperature ¢;, while the water
squivalent of the calorimeter 1s e, then the heat exchanges are given by the equation

we 4+ w (100 — ) = (W + ¢) (¢t — ¢,)
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EXPERIMENT 22 (Continued)

RECORD OF EXPERIMENT

Weight of calorimeter =
Weight of calorimeter + water =

weight of water =
Temperature of roomn =
Initial temperature of water =
Final temperature of water

fall 1n temperaturc of water =
Weight of calorimeter + water -+ 1ce =

weight of 1e =
Equation

heat of fusion of 1ce, z, = cal
Accepted value 1s 80

per cent of error =
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EXPERIMENT 23
THE BOILING POINT OF ALCOHOL

The boiling pomt of a iquid 15 defined as the temperaturc at wlich the pressure of 1ts saturated
vapor becomes equal to the atmospheric pressure There aie, therefore, two ways in which the boiling
pomt of alcohol may be obtaned, and these two ways should give identical 1esults The first 18 to
confine the hiquid and 1ts vapor alone mn a closed vessel, and then to measuie the piessure exerted by
the vapor at different temperatures That temperature at which the pressure becomes equal to atmos-
pheric pressure will then be the boilmg temperature The second and more direct way consists n
simply boiling the Iiquid 1 an open vessel and ob~c1vimg the temperature mdicated by a thermometer
held mn the vapor 115ing fiom the hiquid

1 Temperature at which pressure of saturated vapor becomes equal to atmospheric pressure A glass
tube A (Fig 41) 15 closed at one end, and 1s then bent mto the U-chape and partially filled with mer-
cuy  Some alcohol 15 then pouted m, which by caretul tilting 13 worked around mto the closed arm,
while the air 15 altouctler worked out of this arm With this a rance nent proceed as follows

Tmmeise the tube and a thetmometer together m a vessel of water, and, keeping the short
aim completely immersed, heat slowly, with constant stirrmg — As the temperature mcreases a A
pomt 1s 1eached at which aleohol vapor begms to foom m the closed tube Still further
mcrease 1 temperature causes the mercury to sk farther and farther i the closed end
When the levels of the mercury m the two aims are the same, 1t 13 clear that the pressure of
the alcohol vapor 1s just cqual to the atmospheric pressure  Raise the tempeiatuie of the )
watet gradually and stu thoroughly until this condition 1s reached, then read and recora g g
the tempelature

Contimue heating until the level m the shoit aim 15 5 ¢ lower than that m the long one Then
agan read the thamometer and compute how much the boiling pomt of alcohol mcreases per centi-
meter mcicase m the barometric pressute

II Temperature of vapor rising from boiling liquid Place a little alcohol 1 a large test tube , put
a few tacks m the bottom of the tube m order to msure smooth boilmg, then 1mmerse the lower end
of the tube m a vessel of water and heat the water until the alcohol boils vigorously Ilold the bulb
of a thermometer n the tube a hittle distance above the sutface of the boiling hquid — As soon as the
thermometer 1eadng becomes stationary, take the tcmperature and compare with that obtamed n I

Questions a If the test tube of alcohol were placed under the recerver of an air pump, how would 1ts
boiling point change as the ait was exhausted from the 1ecerver ?

b If the boiling pomt of alcohol was dcternuned m a deep mine, would 1t be higher or lower than you
found 1t to be I, (3) o TI, («) (See data 1ecord)

RECORD OF EXPERIMENT

I (a) Barometer reading = cm
(b) Temperature at which alcohol vapor exerts a pressure equal to the atmospheric pressure = °C

(¢) Temperature at which alcohol vapor exerts a pressure equal to the atmospheric pres-
sure + 5 cm of mercury = oC
(d) Rise 1n boiling 