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INTRODUCTION

1. GeNErAL

To a large extent, experimental Physics is concerned with the quantitative determination
of physical constants, e.g. the specific heat of a solid, acceleration of gravity, coefficient of
thermal conductivity, etc. Some experiments, however, are designed to verify known laws,
others to obtain the empirical relationships between two or more quantities. In every case,
accurate and methodical observations are necessary, and these should be taken with an
intelligent realization of the capabilities of the apparatus provided. A course in practical
Physies is designed to give the student the opportunity of acquiring the necessary skill and
technique in the manipulation of apparatus, and the use and understanding of the instruments
employed.

2. Reconrbps

A faithful record of all observations taken should be made in a book specially rcserved
for the purpose.  This book should be at hand whilst carrying out the experiment, and full
details of the results should be entered with relevant remarks where necessary. A book
should also be available in which a full record of the expertment is kept, with diagrams
and full practical details, in a manner similar to that followed in the pages of this book.
If the book is not ruled for graphical work, a sheet of graph paper can be interleaved when
necessary between the double page of the record.

In stating the final result of the experiment, it is important to remember that the
statement is incomplcte if unaccompanied by the units in terms of which the quantity is
measured. Where there 1s no special name for the unit, it is usual to give the dimensions
of the quantity in reference to the three fundamental units of mass, length, and time. In
the C.G.S. system of units, these are the gramme, centimetre, and second respectively.
Thus acceleration expressed in this system would be written as cm., sce.™ or centimetres
per second per second ; similarly, density would be written as gm., em.=? or grammes per
cubic centimetre.

If the quantity measured is very large or very small, it is usual to give the measure with
one significant figure before the decimal point, multiplied by a power of 10. Thus Young’s
Modulus for Aluminium would be given as 7-0 X 10'! dynes per sq. cm. and the wavclength
of the D, line of sodium as 5-806 X 107° cm.

3. Errors AND DEGREE OF ACCURACY

All measurements taken during an experiment are subject to the errors of observation



and also to the errors inherent in the apparatus. FErrors of observation can be minimized
by obtaining several readings carefully and methodically, and then taking their arithmetical
mean. In the case of instrumental errors, it must be realized that not every piece of apparatus
is capable of giving measurements to a high degree of accuracy. The capabilities of each
component used should be considered, and the degree of accuracy of the final result will
not be greater than that of the least rcliable instrument used. In determining the specific
heat of a solid by the method of mixtures, for example, the result cannot be better than
1 part in 100 (the accuracy of the simple thermometer used), regardless of the fact that
weighings may have been made on a balance with a degree of accuracy of 1 part in 1,000—
or more,

Methods which are based on the balancing of two effects will give a higher degree of
accuracy than methods which rely on the explicit measurement of the effect. This is because
certain of the errors tend to balance each other out, and also because, in a null method,
positions of balance are found more certainly and accurately than the direct measurement
of a scale reading,

4. CALCULATION OF THE RESULTS

The results of an experiment should be ecalculated to a degree of accuracy merited by
the observations. Generally, four-figure mathematical tables will give the results with
sufficient accuracy. Such tables can be relied upon to an accuracy of about 1 in 2,500,
but where sensitive apparatus is used, as for example in experiments with a good spectrometer,
it may be necessary to use five-figure or even seven-figure logarithms to obtain the necessary
degree of accuracy. Slide rules (10-inch) cannot in gencral be relied upon to a greater degree
than 1 in 500 and should never be used in working out the result of an accurate experiment.

In the final statement of the result no more significant figures should be given than
is justified by the observations, and also by the extent to which the theory is applicable
in the particular circumstances.

5. Grarus

Wherever possible, the results of an experiment should be presented in graphical form.
Not only does a graph provide the best means of averaging a set of observations, but the
dependence between the quantities is clearly shown. In plotting the results, the dependent
variable should be plotted as ordinates on the y-axis, and the independent variable as
abscissae on the z-axis. The scale used should be a convenient one for arithmetical work,
and should be sufficiently extensive for the graph to occupy a wide sweep of the space
available. On the other hand, too large a scale will tend to accentuate the errors of
observation, and obscure the relationship between the two quantities. Iach point on the
graph is an actual observation, and should be made to stand out by surrounding it with
a small circle. The departure of the point from the final curve is a measure of the experimental
error in that observation.

Wherever possible the straight-line graph should be used. This is more accurately
drawn, and deductions from such a graph more reliable, than with curved graphs. If the
relationship between the two quantities is not a simple lincar one, it is usually possible to
obtain the straight-line form by plotting powers of one or other (or both) of the quantities.
For example, in the case of the simple pendulum, a plot of 7 against I results in a parabolic
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graph, but {* against ! becomes a straight line; and in the bifilar suspension, ¢ against !
produces a rectangular hyperbola, which can be converted into the straight-line form by

plotting ¢ against % The use of logarithmic scales is another means of obtaining the

straight-line form in many cases, This method can often be used to obtain the empirical
relation between two quantities.

Observations should be taken over as wide a range as possible, and the graph confined
to the limits of the observations., In taking gradients, the full range of the graph (if a
straight line) should be used; and for extrapolated values, the graph is continued as a
broken line, and the result qualified by the statement ‘‘ extrapolated value,” indicating
that it is outside the limits of actual observation,
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ExPERIMENT 1

DETERMINATION OF THE SPECIFIC GRAVITY OF (a) TURPENTINE,
(b) SAND, (c) SALT, USING A SPECIFIC-GRAVITY BOTTLE

I

Apparatus

Specific-gravity bottle, methylated spirits, turpentine, sand,
salt, balance and wecights.

Method

All the above specific gravities can be found from the following seven weighings :—

First the specific-gravity bottle is thoroughly cleaned and dried. This can best be
done by rinsing out well with methylated spirits and then drying by a stream of warm
air from a heated tube connected to foot-bellows. The weight of the empty bottle (and
stopper) is found. The bottle is now f{illed with water and reweighed. After emptying
out the water and re-dryving, the bottle is filled with turpentine and again weighed. The
turpentine is emptied out, and the bottle again cleaned and dried. It is then filled about
onc-third full of sand and weighed. It is now filied with water, vigorously shaken to remove
all air bubbles, topped up with water, dried on the outside and weighed. After emptying
out the contents and cleaning and drying, it is weighed about one-third full of salt. Since
salt is insoluble in turpentine, sulflicient turpentine is now added to fill the bottle completely
(after removing air bubbles), and after drying, the bottle is again weighed.

12



Theory and Results

Weight of specifle-gravity bottle empty (w,) =

gm.
» v v »  full of water (w,) = gm.
» » ’ ' »  turpentine (w;) = g,
", ’ )’ »  +sand (w,) = gnu
) v - « -+ sand -+ water (w;) = o,
» ” ’ »  —+ salt (wg) = gm,
” ” . . salt 4 turpentine (w;) = gn.

(a) Speeific gravity of turpenline

weight of a given volume of turpentine

weight of an cqual volume of waler

Wy — 704

Wy — W

{b) Spccific gravity of sand

weight of a given volume of sand
welght of an equal volume of waler

Wy — Wy — (Wy; — 10,)

(c) Specilic gravity of salt

weight of a given volume of salt
weight of an equal volume of water

weight of a given volume of salt
Wemht of an Cqual volume of tuxpcntme

Wy — 10,

13
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ExperIMENT 2

DETERMINATION OF THE DENSITY OF A LIQUID
USING A LOADED TEST-TUBE

— e —— e o wae e
—— o e —— - at—— - -

— i e —— — - — -

el el

Method

Apparatus

A wide test-tube fitted with a mm. scale (e.g. by inserting
a strip of mm. graph paper, marked at cm. intervals from the
bottom, 1nside it), a deep beaker, some lead shot, set of weights,
callipers, methylated spirits or other liquid,

Suflicient lead shot is placed in the tube to make it {loat vertically in the liquid, and
the level {x,) at which it {loats 1s noted. Weights are then placed in the tube and in each
case the reading (x) of the scale against the liquid level is noted. A graph is then drawn
of depth of immersion {d) = & — @, against additional load. The external radius of the
tube is found by using callipers, taking four readings.

Results

Calliper readings :

Scale readings

Additional load x

Depth of
immersion
d=x— x,

) Zq

0

14

, mean diameter = cm,

.~ radius (7) = cm.

From graph—

AB = cm.
OB = gm. wt,
L] — &O_B
P = 2 4B
= gm./c.c.



Theory

Let the radius of the tube be r em., and let the mean depth of immersion in em. per gm.
ben (from the graph n = %ﬁ) Then volume of liquid displaced by the addition of 1 gm. wt.

s

Depth of immersion

I~

0 Addditional load

to the tube = sr2n c.c. If the density of the liquid is p gm./c.c., then the weight of the
liquid displaced

= arinp gm.

Hence by Archimedes’ principle
artnp =1

. 1 0B m. /

© P=zrn = a2 4D 8™/¢%

Notes

(1) If the loaded tube is immersed a further distance z below the equilibrium position,
a restoring force will be called into play of magnitude gg dynes. The tube will execute
vertical oscillations on bcing released, the equation of motion of the tube being—

MiE = — 7—‘% .z (where M == weight of tube + added load + weight of lead shot)
Le &4 ﬁ%} .& == 0, The motion is thus simple harmonic and the periodic time T is—

T — o \/ﬂln'
g

A value of g can thus be found by timing, say, 5-10 oscillations from which to obtain
T and using the value of n from the graph of the above experiment.

(2) The densities of two liquids may be compared, using the loaded test-tube as follows :

(a) by comparing the gradients of the graphs giving depth of immersion against load,
thus

Pr_ T (see above).
P2 Ty

() by comparing the times of oscillation of the tube in the two liquids with the same
load in the tube in each case, thus

-

pr_T¢

o 78 (see above).
2 1

15



ExXpERIMENT 3

DETERMINATION OF THE COEFFICIENT OF STATICAL FRICTION
FOR TWO SURFACES

Apparatus

A block of wood 4 with smooth
under surface slides over a smooth
basc-board B which is clamped to
the bench and provided with a
pulley at one end. A string Is
attached to the bloeck and passes
over the pulley to support a scale-
pan and weights. A sct of weights
for loading . Spirit levcl.

Method

The baseboard is first tested with a spirit-level and, if neeessary, is made truly horizontal
by inscrting thin wedges below it. A known load (W) is placed on the sliding block, and
weights (r0) added to the scale-pan until the block just starts to move. The load is taken off
the pan, and the experiment again repeated, commeneing with the block in the same position
as before.  The whole experiment is repeated 3 or 4 times and the mean value of w obtatned.
This procedure is repeated with different loads on the block. The weights of the block
(") and the seale-pan (w’) are then found, IV being added to 17 to obtain the normal
reaction N, and o’ added to w to obtain the limiting frictional force ', A graph of I against
N is then plotted, from which the cocllicient of {riction 1s found,

Results
Weight of block (V") = gn.
Weight of scale-pan (w'} = oL
r D Nommal .
Norma i .
TLoad 1V Reaetion Values of w Mean w I '110 t*loz;ﬂ_{_f?‘f,(‘e
N=W+ W -
|
| i
From the graph A == , OB =
o, AB
cEToBT

16



Theory

A small horizontal force applied to a body on a plane will not in general produce motion.
This is due to the fact that at the surface of contact an equal and opposing force is called
into play. This is known as the force of friction. If the applied force 1s gradually increased
to a certain value, the body will just begin to move, the frictional force having increased
to a limit known as the limiting friction. The laws of statical friction have been studied
experimentally and may be stated as follows :

1. Before limiting friction is reached, the magnitude and direction of the frictional

forces arc such as just to preserve equilibrium.

2. The limiting friction betwecen two surfaces is proportional to the normal reaction

between them.

8. Friction is independent of the area of the two surfaces in contact,

e o o e e ——

0 N
From law (2) if I is the frictional force and N the normal reaction,

r . ..
N = constant (u)—known as the cocfficient of friction.

u can be found by plotting F against N and taking the gradient of the graph, thus—
AB

H= on
Notes

(1) The value of u can also be obtained by placing the block on an inclined plane. As
the inclination of the plane to the horizontal is increased, the block will just be on the point
of moving at some angle . The luniting frictional force is then clearly = IV sin § and the
normal reaction of the plane = W cos 0,

F JV sin 8

N=Wcos &

(2) The angle between the normal reaction and the resultant reaction (compounded
from the normal reaction and the frictional foree) is called the angle of friction A. Clearly,

then, tan A = E’ and in the experiment above, the limiting inclination of the plane = angle

N
of friction.

(3) When motion between two surfaces takes place, it can be shown that the frictional
force (dynamic frietion) called into play is less than the limiting (statical) friction, and
that it is independent of the relative velocity of the two surfaces, provided that this is not
too large.

17



ExperIMENT 4
EXPERIMENTS WITH A SPIRAL SPRING

LLLLL L
l

Apparatus

Spiral spring to which a light pointer is attached by plasticine
at its lower end, rigid stand and clamp, metre rule, scale-pan and
weights, stop-watch.

Method

Experiment (1). To verify Hooke’s law, and to find the extension

g per gm. of added load.
The spring, with scale-pan attached, is firmly clamped and the
metre scale placed vertically so that the pointer moves lightly over it.
5 Loads are added to the scale-pan and the corresponding extensions of
é; the spring are noted. The scale rcadings are also taken when unload-
ing the spring, and the mean extension thus obtained. A graph of
extension against load is plotted from which the extension (n) per

- unit load is found,

Experiment (2). To determine the acceleration of gravity and the
effective mass (m) of the spring. '

A load is added to the pan which is sct in vertical vibration by giving it a small additional
displacement. The periodie time (7') is obtained by timing 20 vibrations. This is repeated
with different loads and a graph of T2 against load 1s plotted, from which g and i are found,

Note~The mass of the scale-pan should be included in the load in this experiment,

Results
Experiment 1 Experiment 2
Extensions i "
Load Mean ime for
M Load TLoad extension M ib Z(t) T T
increasing decreasing vibrations
] M A4C
y — A7 2ps fp ; oy T __
From graph (1) g =4n T from graph (2) = Bo
BC AC
n=-G= cm./gm. S8 = 4:1211—B~C cm. /sec.®
also from graph (2) m = 0D = gm.

A e ek Wt Ty .

18



Theory

Extensron

0 Load
(1)

A spiral spring subject to extension by an applied load conforms to Hooke’s law,
which states that the stress is proportional to the strain, i.e. the load is proportional to
the extension it produces. If a graph is drawn, after the initial loading, where some force
is required to scparate the turns of the spring which are pressed against each other, a straight
line is obtained of extension against load. From this portion, the extension () in cm. per
gm. weight of load can be obtained from the gradient :

n = % (graph (1} ).
If, now. a mass M is attached to the spring, and the spring be extended a further distance

@ cm., a restoring force — —g dynes is called into play. The spring on being relcased executes
0

vertical oscillations, the equation of motion of the mass being—

Mi = — 2 or i+ 2 p=0
="af Mn® =
The motion is thus simple harmonic and the periodic time 1' is—
A
T =27 Al
8

(2)
The above analysis assumes the spring to be weightless. The load M must be increased
by an amount m equal to the effective mass of the spring.

Then T e Qn\/g‘h@il__
g

If a graph of 72 against M is drawn, a straight line is obtained from which ¢ and m can

: o 72  da*an  DBC . 4t AC
- == Gy == - el (e 2 . - - L
be found. The gradient of this line 37 p YT (graph (2)), i.e., g e

The intercept OD on the axis of M gives the cffective mass (m) of the spring.

Note
From considerations of the kinetic energy of the vibrating spring it can be shown that
m = } mass of spring.

19



ExPERIMENT 5

DETERMINATION OF THE SENSITIVITY OF A BALANCE, AND TO
OBTAIN A VALUE OF “g”» FROM THE TIME OF SWING

Apparatus

A good balance, set of weights, stop-watch.

Method

The balance is adjusted so that the pointer hangs centrally with respect to the scale,
A small displacement is given to the unloaded balance, and the time for 20 swings is taken
from which the periodic time 7', is obtained. A 100-gnm. wcight is now placed in each pan,
and the new periodic time T, found.

The sensitivity of the balance is now found by removing the 100-gm. weights, and placing
a milligramme weight in one of the pans, The rest position (z em. from the centie scale
division) is observed. The length (i cm.) of the pointer 1s measured, and the angular deflection
90 of the balance beam is obtained from these two mecasurements.

Results
Balance unloaded : Time for 20 swings = sce. ST = sec.
100 gm. in each pan: Time for 20 swings = see. ST, = sec.
Length of balance beam between pan pivots = em. .1 == cm.
Scale deflection (z) for 1 mg. (dm) difference in weight between the pans = cm.
Length of pointer (y) = cm.
i.e. (30 = g =
Y
con s 80 1000x
.~ sensitivity = _— = =
om Jj
o 8n2m,§ (§Q - Jsce.?
g£= (zvg _ -/IYE) om = cm. /8ce.,

20



Theory

When the beam of a balance is displaced through a small angle, a restoring couple is
called into play proportional to the angle. If the moment of inertia of an unloaded balance
is I, then on bheing displaced through an angle 0, the equation of motion of the beam is
1l = — cfl, where ¢ is the restoring couple per unit angular displacement. The motion is thus
simple harmonie, and the periodic time 7' 1s

Tx=‘~’1\/z . . . . . . )
c

If, now, each pan is loaded with m gin., and the half-length of the b;xlapce_bc:un is' [, the
moment of inertia of the balance is now I -+ 2mi? and the new periodic time 7'y is

T
1‘2 - QJT/J{‘_—:{*—G—Z‘[LI:Z— . . . » . . (2)

8x2ind?
¢ = iggj—;‘iql, . . . . . . (3)

IFrom (1) and (2)

To find ¢ place a small weight (9m) in one of the pans, and observe the angular deflection
(00) of the beam. Then the deflecting couple is 5
3¢

dmgl = ¢d0 or ¢ = bfg-.gl . . . . . (4)

From (3) and (4)

8%l O

E= g —1hom”

Note

Sensiticity of a balance. Let the
mass of each pan and suspension be
m, and the mass of the beam JJ.
Let the C.G. of the beam be d cem.
below the point of suspension O, and
fet the pans be supported at a dis-
tance of h cm. below the horizontal
through O. If an additional small
weight dm placed in pan 4 produces a

4V \ deflection of 60, then faking moments
about O—
(m+dm)g (m + dm)g(l cos 00 — I sin 60)

= mg(l cos 60 + h sin 80) + Mgd sin 66
i.e. — 2mgh sin 8 4 dmg(l cos 80 — h sin 80) = Mgd sin 04,
since 00 is small, we may take sin é0 = 66 and cos 60 = 1. Ilence ignoring the second-order
term ;
omgl = (Md -+ 2mh)g 60

@ __ .
dm ~ dd - 2mh

From this it is scen that the scusitivity depends (amongst other things) upon the total
mass in the pans, but in practice & is very small and hence increasing loads have little cffect
on the sensitivity of the balance. Accordingly it is justifiable for a first approximation

to consider ¢ to be constant in the equations used for evaluating g, as was done in the method
siven above.

i.e. sensitivity =

21



EXPERIMENT 6

DETERMINATION OF THE ACCELERATION OF GRAVITY BY MEANS
OF A SIMPLE PENDULUM

Apparatus

Small pendulum bob of lead or brass tied to
a length (1 mectre) of cotton thrcaded through a
supporting cork. Retort-stand and clamp, metre
rule, stop-watch.

Method

The cork is securely clamped in position with the pendulum overhanging the bench.
The length of the pendulum (measured from the point where the cotton emerges from the
cork to the centre of the bob) is adjusted by drawing the cotton through the cork. The
free end is secured on the clamp, and the pendulum given a small displacement. The time
of 20 swings—measured against a fixed mark on the bench—is taken, and the periodic
time (1') found. (The reading must be rejected if the swings become elliptical.} This is
repeated with different lengths (I) of the pendulum, and a graph is drawn between 1'% and

2

! from which an average value of T is obtained to dectermine g,
Results
! Time Time (T)
for 20 per
cm. swings swing A
! 4n?l
| = 5y
F ’ 1
7 : from the graph—
} ! OB
{ 72 4B
. oB
/ :-5 le g = 47!2:4‘5
0 l
= cm. /sec.?,

22



Theory

The ideal simple pendulum consists of a point mass suspended by a weightless string.
For a small angular displacement 0 the restoring force acting on the point mass at P along

the are (x) is F' = — Mgsin 0 = — Mgl (since 0 is small) = — Mg;f' Hence the equation
of motion of P is—

L
or 2+ %w = 0.

The motion is thus simple harmonic, and the periodic time 7' is—

T 2 J I
8
Notes

(1) It will be noted that the periodic time is independent of the mass of the bob and
the amplitude of swing (if this is small), These facts can be verified experimentally by the
student.

(2) The determination of g from the time of swing of a simple pendulum is unsatisfactory
for the following reasons : '

- —(uy the-ideal of a point mass cannot be realized in practice,

(b) the string is not weightless,

(¢) during the motion of P the string is subject to varying tensions, and con-
sequently errors are introduced due to the accompanying flexing of the
string.

To overcome these objections, rigid pendulums must be used (see Experiments 7 and 8).

(8) The empirical determination of the formula for the simple pendulum provides an
instructive experiment for the student.

logT

0
logk {

Let T = kI*, then taking logs—
logT = nlogl + log k.
The value of n can be found from the gradient of the straight-line graph obtained by

plotting log T' against log I. Thus n = Eg k can be found from the intercept (log k) on

the log T axis.
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ExpErRIMENT T

DETERMINATION OF THE ACCELERATION OF GRAVITY BY MEANS
OF A COMPOUND PENDULUM

Apparatus

)

The usual pendulum for this experiment is a metal bar
about a metre long drilled with holes at regular intervals and
supported by a knife edge through these holes. If this is not
available a metre rule can be used with small holes drilled at
4-cm. Intervals, A knitting-necdle passes through these holes,
and supports the rule on two rigidly held razor blade edges.
Stop-wateh.

Method

The necedle is first inserted through the hole nearest the end

A of the bar, and the time for 20 vibrations of small ampli-
B tude is taken by the stop-watch. This is repeated for each

point of suspension along the rule. From the observations _ma.de a graph is plotted
of the periodic time (7') against the distance (d) of the suspension from the end A of the
rule. By drawing horizontal lincs on this graph through given values of 7', the corresponding
mean values of the length (I) of the Simple Equivalent Pendulum can be obtained. An

average value of ;—2 can be obtained from these results for use in computing g.

Theory )
The diagram represents a rigid body suspended by a horizontal axis through 0. On
being displaced through a small angle 0 from the vertical position a restoring couple

— Mghsin0 = — Mgl (since 0 is small) is called into play. The
equation of motion of the body is thus—

— Mgl = I0 (where I is the moment of inertia about the
axis through O).

The motion is thus simple harmonie, and the periodic time (T') is—

S

Mgh

Writing I for the moment of inertia about the C. of G., then

I = I 4+ Mh? (by theorem of parallel axes), and Ig = M2, where
k is the radius of gyration about the C.G.

2 1 ]2
ie, 1':231\/1l T2
Mg gh

o 1
Since the periodic time of a simple pendulum is given by T' = 27 \/ p (see p. 23), the

2
period of the rigid body is the same as that of a simple pendulum of length I =h + %

T =2n

This is known as the length of the Simple Equivalent Pendulum. The expression for !
may be written as a quadratic in &, thus: A2 — ki 4 k* = 0. This gives two values of
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(hy and k,) for which the body has equal times of vibration. From the theory of quadralic
2

: . . k2 . :
equations, #, + h, =1 and kh, = k2 Thus if a distance ;- is measured along the axis

Iy
from G on the side remote from O, a point O’ (the centre of oscillation) is obtained, and
the distance 0O’ = length of the SE.P. The periodic time about O’ is clearly the same as
that about O, i.c. the centres of suspension and oscillation are interchangeable.

A graph of T against d will be
symmetrical about a line through the
C.G. (for which 7' isinfinite) as shown,
and a horizontal line drawn through
a given value of T will cut the graph
in four points. The length ¢ of the
S.E.P. for this value of 1" will be the

gi B H I‘ : distance {rom the 1lst to the 3rd or
- \/ \_/ the 2nd to the 4th of these points
472

€~~~ == K ==

= 7 then 8= 7a
G
Notes
(1) The roots of the quadratic at the bottom of p. 24 are— & =l§ + ViR — 4l

. ) L
The least value of I for real roots is 2k when %y = h, = g = k and the time is then

a minimum = 2EN/E. The radius of gyration can be found directly from the graph,

LR

2

(2) Having found k as above. the moment of inertia of the body about the C.G. can
be determined, having obtained its mass by weighing, I = ME2

(3) The radius of gyration (and hence the moment of inertia) of a rigid body can be
obtained very readily by suspending it at a given distance (%) from its C.G. on the same
axis as a simple pendulum. The length ({) of the simple pendulum is adjusted so that both

2

k = ——, or alternatively & can be found from the relation k = Vi, = VAl x IIC.

pendulums swing together. Then I = A 4 %a’ from which k& can be found.

Results

Results from pr :
d Time for T g aph
50 vibrations

2 Mean !
T 1 S.EP. T

Average = |

g = cm. /sec.?,
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EXPLRIMENT 8

DETERMINATION OF THE ACCELERATION OF GRAVITY BY MEANS
OF A KATER PENDULUM

|
T Apparatus

shown in the diagram. A brass rod is provided with two knife-cdges
EE turned inwards to face each other. Beyond the knife-edges are
two equal cylinders, one of boxwood (A4) and the other of brass (B).
Two smaller equal cylinders (C of brass and D of boxwood) are placed
between the knife-edges, and are movable along the rod. (By using

@ c Any of the standard forms of Kater pendulum, one of which is

;%3 D this symmetrical arrangement of weights about the midpoint of the
‘Z/T/é rod, the effects of air resistance are eliminated.) Accurate stop-watch.
cjlj:? Pivot with knife-edge.
1
o| B

Method

The knife-edges EE are fixed a given distance apart. The pendulum is then suspended
from one knife-edgc and the period of vibration (1)) is found by timing 50 swings. It is
then suspended by the other knife-edge, and by adjusting the eylinders € and D, a periodic
time (7',) about this knife-edge is obtained as nearly equal to the first as possible. The
pendulum is then returned to its first suspension and 7', redetermined. It is again reversed
and further adjustnicnts made to obtain an equal time of swing. Proceeding in this manner,
T, is obtained very nearly equal to 7'y, after which 7', and T, are accurately determined by
timing at least 200 swings. The centre of gravity of the bar is now found by pivoting the
bar on a sharp knife-edge, when A; and %, can be determined.

Results
1st knife-edge: Time for sWIings == sec. T, = sec.
2nd knife-edge : Time for swings = see. ), Ty == sec.
Distance between knife-edges (hy 4 hy) = em.
Distance of st knife-edge from point of balance () = cm.
Distance of 2nd knife-edge from point of balance (k) = cm,

Sg = em. /see.?
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Theory

If the movable cylinders are so adjusted that the periodic time T is the same ahout
the two knife-edges, then the distance I between them is the length of the Simple Equivalent
Pendulum, and hence—

47
g _— _t3 . . * . . . . (1)
Bessel showed that the accurate determination of g did not require the lengthy process of
getting the two periods exactly alike. It was suflicient if they were necarly equal, thus—

3 3 B2 L L2
Let T, = 27;\/h_1:]_—k— and Ty = 2::\/@*-7% A
ghy Shy

h,T7 hoT%
then %f;;‘ = k1 + k? and gé;}f = 3 4 k2
subtracting and rearranging—
gt Ty — T,
2 W — h
g e Vear) "
or LAl k) 1i—1a . . . . . (2)

g 2(hy + hg) © 2(hy — hy)
If the C.G. is much nearer to one set of knife-edges than the other, i; — £, is not small,
and since T, is approximately equal to 7', the sccond term is very small, and thus an
approximate evaluation of h; — fi; is sullicicnt,

Notes

(1) For very accurate work the distance between the knife-edges is found by a comparator,
and the values of 1'; and 7', are found by the mecthod of coincidences. This method consists
in comparing the vibrations of the rigid pendulum with those of a seconds pendulum of a
standard clock. The Kater pendulum is suspended in front of the standard pendulum with
their lower ends on the same level. The pendulums are set vibrating and viewed through
a tclescope against a fixed point behind the far pendulum. If the periods are not the same
they will get ““out of step,” and at a certain instant will pass the mark togcther when
travelling in the same dircction. This will not occur again until the pendulum has lost or
gained a complete swing. If the standard pendulum makes n complcte swings of period T
and the Kater pendulum (n 4 1) of period 7'y in the same time, then—

ITn=1T,n+1)

; (L Ny ror
1.e. T1=1(m>-—-1<1+n) ——~1<1——n+n’~—...)

1 . .
with n large T; = T(l — ;2) gives T, to a high degree of accuracy.

(2) A correction for finite swing of arc can be applied in precise determinations of g as

follows—
o
To = T1(1 - —]]:-6—$>

where T, is the corrected periodic time, T is the observed periodic time, and «; and «,
are the half-angles of swing in radians at the start and finish respectively.
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ExperiveENT 9

APPROXIMATE DETERMINATION OF THE ACCELERATION OF GRAVITY
BY MEANS OF A SPHERE ROLLING ON A CONCAVE SURFACE

Apparatus

Large concave mirror or watch-glass firmly embedded in plasticine in a shallow box,
small steel ball-bearings, vernier callipers or screw guuge, stop-watch, splierometer.

Method

The ball-bearings are first carefully cleaned of all oil and grease, and the mirror is
wiped to remove any dust. A ball-bearing is placed near the edge of the mirror and rcleased,
and the time of as many oscillations as possible is recorded.  This is repeated several times,
and from the observations the mean periodic time is obtained. The radius of the ball-bearing
is taken with the vernier callipers, and the radius of the concave surface is obtained, using
a spherometer (see p. 68) if the surface is unsilvered—otherwise by optical means.

Results

Times for oscillations . ' . . sec.
Mean time == sec.

-, Periodic time (7T') == sec.
Calliper readings of the diameter of splicre: , . . .
Mean dianweter = cm,
Zero error = - cm.
S true mean diameter = cm.
Le. radius (a) = cm.

Radius of surface (R) == cm.

2373 R — a)
€= 5
= em. /sec.2
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Theory

A spliere of radius a, rolling over a concave surface of radius of curvature R, has a
motion similar to the motion of the bob of a simple pendulum of length (B — a), with the
exception that the sphere rolls as it moves forward. Hence, in dealing with this problem,
it is neccssary to take into account the rotational encrgy of the sphere as well as its encrg
of translation.

In moving from its rest position at 4 to some other position—say B—where its linear
velocity is v, the sphere loscs potential encrgy = Afgh o« o o (1) (where & = 0'D).

The corresponding gain in kinetic energy

== 33 0?  1lw?
I
= {;.02<11I + EE) since w0 ==

= 31.7Mv2 . . . (2) since I = ZMa?® for a solid sphere,
Hence from (1) and (2)

&

7_)2 == (%).Qgh.
Now the corresponding velocity v, for a simple pendulum is given by—
vl = 2gh,

so that at all points on its path the velocity of the sphere is V£ of the vclocity of the
pendulum bob. Therefore to complete any given motion, the time of the sphere will be

V'1 as great as the time for a simple pendulum. Thus, since the periodic time of a simple

pendulum is 27 ,\/ z where in this case | = R — g, the periodic time for the rolling sphere is—

7R —a),
T:ZTE’\/T

g 2T — ),
. 573

Note

Alternatively, if a wvalue of g is assumed, the ahove arrangement can be used as a
dynamical spherometer to delermine the radius of curvature of a concave spherical surface.
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EXPERIMENT 10

DETERMINATION OF MOMENT OF INERTIA USING TIHE
BIFILAR SUSPENSION
N
% v

A B
Apparatus
Two heavy stands and clamps, two threaded corks, metre
rule, brass rod, stop-watch.
C D
| ]
Method

Pass the brass rod through two loops made on the ends of the two lengths of cotton
passing through the corks. Firmly clamp the corks in two heavy stands, Arrange the
threads at some distance d apart, and adjust the lengths of the threads to some suitable
length 1. Tie off the loose ends of the threads on the clamp, and give the rod a small
angular displacement about a vertical axis. ¥ind the periedic time (7') by timing 20 vibra-
tions. IRepeat with the threads at varying distances apart, and plot a graph of T against (li
from which to obtain an average value of Td. DMeasure { and find the mass A of the rod by
weighing.

Results
M= gm.
= Cills
Time for
d 50 vibrations T
i -
pigh
Paras
e |
S
T )
}
]
i
!
s 13
0
@

AR
ir tl hid=""_-
rom 1€ grap 1 4 UE

MMa
—_ B 2
1= 16:521'(Td)
Mg [AB\? ,
= TGJLAI OL, = £m.-- CITL.%,
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Theory

Let a body of mass 3 and moment of inertia I be suspended by two parallel threads

AC and BD ! em. long and d cm. apart. Then the tension in each of these threads will
74 . .
be Iiog. Give the system a small angular displacement 0 about a central axis, and let ¢

e

be the corresponding inclination of the strings to the vertical. Since both angles are small—

d
Ip = 56.
The components of the tensions in the strings producing restoring forces at €’ and D’ are
. Mg . My . .
of magnitude l2"’-’ sin ¢ = é—‘?’qﬂ (since ¢ 1s small)
— Madb
o4l
The restoring couple on the rod is thus—
Mgd
B
and the equation of motion of the rod is—
.. Mgd? s Mgd?
]0_—4r.0 or 0—-}—“117 H=0

the motion is thus simple harmonic of periodic time
411 . Myd?T3
T= 2“»\/ Mad® 1= o
Notes
(1) Additionally, the value of I may be obtained by kecping d constant and varying 1.
The student should repeat the experiment under these conditions, and obtain the value of
I from the slope of the graph resulting from plotting 7% as ordinates against I as abscissae.
(2) If the threads arc not parallel, but with distances between them of d, and d, at
the ends, an analysis similar to the above shows that—

41!
=2 v,

(8) If two bodies of masses A/, and M ,, and moments of inertia I, and I,, have periodic
times of 7', and 7', when suspended in turn by the same strings—
I, M7T5
Then I,~ M1}
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