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Moving Things,

People and
Ideas

Experiment

A [@]

To plot distance - me (8 — t ) graph for an object moving with o uniform
speed from o given sel of 5 and §dala and lo delenmine the speed of (he

aliject.

THEORY @

A moving abject changes tts pasition with

time. II the objer! travels a distance s in - HH

e [ thien Nis speed I5

(1

When an object travels equal distances
in equnl infervals of time, 1E1s sald to hove

= | W

a uniform speed. But if the speed or tts (0%

direction of motion chonges with fme
then the objecl is sald (o be In non
uniform motion.

For 3 uniform motion the distance
iravelled by the object is direcily
proporiiones fo e Grken. Thas the graph
of distance iravelled aguinel time I8 a
siruighd line, This distance-tme graph can
b 15l o defermime the speed of the object.
Fig 32.1 shows the disiomee—time (s - 1)

Fig. 33.4 1 Deionee-tme graph ol an obfect
moninig eetth emgiorm spaoed
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graph of an objecd moving with uniform speed. To find the speed of the
object consider a small part AB of the 5 - { gaph. The two lines PAC
and BCQ drawn parallel o x-axis and yaxis respectively. meet each
other at point C fo form a triangle ABC. The segmeni AC denotes lhe
time fnterval (f, - |} while the segment BC comesponds o the distance
|5, - 5. From this graph it can be seen that as the object moves from
the pammt A to pont B, it covers a distance (5, - 5 ) I me (2, - £). The
spoed, p of the object, therefore can be representesd os

T k. TR SR
o -1, AC 2

This 13 also the slope of 5 - ¢ graph. Larger the slope of the graph
more Is the speed of the objecl. The 5 - [ graph can also be used (o
estimate the speed of the object even af the tmes ot given in-the data
Une can estimate these wlses ol a time within the mnge of the gwn
time interval at which the position of the object 18 not ghven n the given
dain [trferpolaitony. One can similarty tse the graph bo ohiain the yahees
of object postiion and speed al a Ume beyond the ghven range of data
[extrapotation). On the other hand, Eq. (1) can only be used to determine
the speed af msianis for which Lhe disiance is given In the daia.

MaArtrrials REQUIRED

Graph paper

PRUCEDURE E

. Exaumine {he gven data ol distance (8 of e obdect al deferent imes i ).
Find the difference between the highest

Tahle 1: The motion of & car and the lowest values of each guantity

5l Nao.

Eopuppmanee-
SEEIBBEEESe
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Tome, | Mﬂi [these are the mnges of the distonce and

time vulues.) Table 1 shows the daio for
the disionce novelled by a car {in m) mmnd
the ttme inken fin s} by it to cover that
distance. In this lable the Ume values
range [rom O fo 10 s while the disbance
vahues rarge between O and 100 m

2. Take n graph paper and draw (wo
perpersdicniar lees OX and OF (o represent
x-axis and yaxis, respectively (Flg 32.1).
Measure (he lengths (or count the number
ol divistons avaliable) on the graph paper
nlong the two axes. Let, for example,

the graph paper you have been provided 5

L = O
=
a
~
r

=

-

Bom oo
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15 cm for 15 cm divisions) along the x-axts and 25 om (or 25 cm
divistons) along the yaxis)

3. Decide e guaniity o be shown along the x-axis amd thal o be
shiwm along (he paxis. Convenblonally, Bme 15 shown along the
x-nxts and the distance along the g-axis.

4. Om the basiz of avaikabie divisions on the two axes and ranges
of the given distnnee and dme dote, choose a scale (o represent
the distance along the gaxis and another scale lo represent the
time along the raxis. For example, the scales for the motion of
the car as given in Table 1, could be time | 5= | cm; and distance
I m =2 cm. (Try to uiilise the maxdmum part of the graph paper
while choosing the scales )

B, Mark values for (he tme and the distance on (e respechive axes
according o the seale you have chosen. For the motion of the car,
mark the ime 1 8, 25 35 ., on the x-axis al every om [rom the orlgn
0. Simittarly. mark the distance 10 m. 20 m. 30 m _.. on the s al
every 2 em from he origin O,

6. Now mark the poinis on the groph paper to represent each set of
values for disiance and time given in the dain provided

7. bt all the marked po mis on (e greph paper. This 15 (e plobiing
of 8 — t graph of the datn provided for (he motton of & car. Check i
this graph s a stralght Ene. A straipht Une graph iedichies that the
car ks moving with a constanl speed.

OBSERVATIONS AND CALCULAHUHS@\

To fnd the speed of the car, lake any (wo poinis on the strajght Ime
graph and find thelr corresponding values of { and s (a8 sugrested m (he
iheory pari above]l. For convenience il 15 suggesied {o take the poinis
thnt cormespondd (o Integral values of dme and distance values, Suppose
uwrmmﬂtrﬂrlmrm[uﬂﬂsmlltﬂrl and ([, 5}, The distanoe
trovelled by the car In tme inferwal [t = £) 15 |55 ~ 5,). Calculate the

speed of the car during this time interval (I, - ) using Eq. (2).

o Wilue of e | Viloe of Dme Inslance ot  [esimieie ol Speed ol ihe

Ba. for the Bk Lll"ﬂt—lli t-!lrﬂ th-ll,l. tar, nsieg
i chosrmon ot chosm on Eq. (A
the gragh.t,  on the graph, L

inl L] frmi (i) imw

o
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In the same wiy determine the speed of the car for some more me
mtervals by choosing different sets of polnts on the 5 - [ graph. Tabulate
the observabions.

REsuLTs AND DISCUSSION ?

The dislance-lime griaph for the mollon of the car 1s a straighl ine
graph. This Indicates thai ihe cor Is moving with o uniform speed.
Attach the distance-Ume graph tn your praciical record book

The average speed ol the car = m=s"

PrecauTions Q.;

* Plot graph using sharp Hp pencil

#  The scales chosen for represeniing the distance and Qme quaniiiies
for the motion of the car on the fwo axes musi be so chosen thal the
maximum parl of the graph paper s utllised, This will help in
inferpreting the graph betier

NOTF FOR THE TEACHER

# In Chis wiile-up a spetimen sel of distonce-Bme dila for the
motion of the car is presenled. 1T 18 suggested thal studends must
be provided with different sets of distance-Uime dats for & moving
object for ploliing 5 — { praph and Lo delermine the speed of e
upiformby mosvtnge object

*  While drowing the oo axes OX and OY representing the me
and distance valoes respectively, on the graph paper, the poini O
should be (aken slighily away from the jeft boliom comer of the
Eraph paper.

¢ The pliysicsl quidilites and heir units miust be properly ndiciled
oty e pxes. The scaling of Uwe gquianliiles miny abse be mentioned

appropriziely al the lop rght corner of the graph paper.

L

AFPPLICATIONS

*  Theslope of @ s - [ graph 18 a measure of speed of the moving object.
There may be different s - { graphs for diTerent moving objects. Their
slopes can give a compartson of their speeds. Langer the slope of the
graph higher 15 the speed of the moving object.

* The s - [ gruph plotted here shows the motion of the object for a gven
range of time mierval. COoe can even delermine the postilon ol o Hme

beyond the range of tme nbenvil gven 10 the data ustng this graph.
For this the graph should be extrapolated.
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QUEETIDHIE

What ts the shape of the distance-time graph for an object moving
with untfnrm spesd? Mame the physical quantity represented by
the slope of this graph

What will be the s - { graph for an object at rest?

I distance-ome graph ploftted for an object 15 paraie to e e
axis, whal conclusion you can draw periaining fo (is motion?

Can you Imagine o moton with a distance-time graph paralic] (o
distance axis?

I (hels experiment, 4 sugpestion 15 made to uliilse U maximnm
part of the graph paper. Jmsiify [he sugesion,

State the considerntions one must adhere (o while choosing the

scales for plotiing o graph?

What type of speed-time graph do you expect or an olject moving :

with varying speed?
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Experiment 23

A [@]

To plot the veloctly-ttme (- { ) graph for an object moving with uniform
accelerations [rom a given sel of o - Ldata dod 6 determine the acoclerniton
of the moving bl and the distance méwved by the objecl

TrHEORY @

In a sirmighi lne motion, we know thal when an object moves unequesl
digiances in egual intervals of me (hen the object is said o B in non-

Ei:ﬂi:‘ & -=E = e
TR
i

‘.:"-HE::. it ..:... ...:..
Fig. 33,1 ; Veloriy-tme grogi) B o oo morg

with wlform aocelension

nmiform modion or e accelerated motion,
In such a motion the velocily of the object
vanes with time. 1| has different values ai
different instants and af different points of
the path, The acceleration of the object is a
measure of change in lis velority per wndl
tme, 1fan object moving with an initial (i
time (] velocity uattaing the final velocity v
in iime . then ibe accelemtion ais

ﬂ."D—I.l. 1
=— 8l

I the pcceleration of the chjecl remiatns
same ai all mslants of tme (ken the chject
is sald to be in untformly occelerated
motton. Thus the velocity-lme graph of a
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uniformly moving object will be a siraight line. Fig. 33,1 shows a velociiy-
time graph for a car moving with uniform acceleration, The nature of the
graph shows that the velocily changes by equal amounts inoegquasl Bme
intervals. Thus the velocity of the car 18 direcily proporiional to the thme,

In the carlfer activity, we hove already seen that using a distance-
time graph. one can determine the velocity of a unlformly moving car al
any instant. One can similorky delemilne the acodemuiion of a uriformly
accelerated object by plotiing its velocity-time v - § graph.

To Mind the acceleration of the moving olject consider a small part AE
of the v -  graph. The two Hnes PAI and EDC drawn paraliel to r-axis
and y-axis respectively, meel each ather al point 13 (o form s irange AED,
Thie segment AD denotes the time interval {i, - 1) while the segment ED
eorresponds to a change in the veiocity of the object from v, o o o7 (B, - ).
The acceleration. aof (he object, therefore can be represented as

- ED
“-H-ﬁ: (2
Thus from-a given =0 of v — [ data for an object moving under 3 uniformiy
seceleraled motion, the accelerstion can e compuaied,

One can also determine the distance maved by the maoving object from
its velsciiy-tme graph. The area undier the velocity-me grph gives the
dhistanees moved by the ofsect noa gven time interval. Let us look af the -
I graph for a unticrmiy acceleraled car given o Fig 33, 1. The distance 5
travelled by the carin a tme mienal [ - F will be given by the area ARCIE
under the velocity-time graph, That is,

s = area of the rectangle ADCD + aren of the iangle ADE, or

= Mﬁﬁrﬁ+%mxm
s = Bxlonhlin -Gl

MATERIALS REQUIRED
Graph paper.

Paucmmr.E D

. Examine the given dalia of velocily (v) of the object ot different
times (f). Find the dilference between the highest and the lowesd
vialues of each quantity (These are the rangss of he velocily and
time values.) Table 1. shows ihe velocity of 4 car jin m s al
different imstants of dme. In this Gble he Bme vlees mnge rom
0 o 50 s while the veloclly values ranges bebween O and 100 m s L.
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Table 1: The motion of & car 2. Take a graph paper and draw two

8. Ko,

perpendicular ines OX and OY o
Time, | Velociy of the represent  x-oxls and geoxis,

oRT B respectively jsee Fig. 33.1). Measure
the lengihs [or count the mumber of

BRI e RN =

- B

divislons avuilable) on the graph paper
along the two axes. Lel, for example,
the graph paper you have been
provided ts 15 cm for 15 cm divisions)
nlong the x-axts and 25 cm (or 25 om
divistons) along the gaxis )

A, Decide the quantity lo be shown along
the x s amnd that to be shown along
the gaxis. Conventionally, tme is
shown along (he x-axis and the
velocity along the yaxis.

e 4. On the basts of availsble divisions on
the two oxes nmd ranges of the piven velocity and Gme dota. choose
i scale o represeni the wiochly along e g-axis amd another scale
o represent the Uime along (he x-axis, For example, the scales for
the motin of (he car & given in Table 1, could be Ume 5 5= 1 om;
andd velocity: 10m 8" =2 em. [Try Lo uliise the maximum part of
the graph paper while choostng e scales.}

5. Mork values for the ttme and the veloclty on the respective axes
sccording fo the scale you howe chosen. For the motion of the car,
mark the time 5 s, 10 5, 155 ... on the x-axis al every cm from the
orign O, Stmilarly, mark the veloctty 10m s’ 20ms', Mms' .. on
the y-axs ai every 2 cm from the origin O.

6. Mow mark the polods on the graph paper o represent each sel of
valines for vedooity aned Hme given i the dila provided.

7. «Join oll the marked pomts on the graph paper. This is the v - t greph
of the data provided for the motion of o car. Check if this graph s a

siraight line. A sirafght line graph indicaies that the car is moving
with o untform acceleration.

OBSERVATIONS AND CALCULATIONS @\

A Delerminallon of Acceleration of the Object

To delermine the aceeleration of e car, take any two potnts on the stradght
Hne craph and Ond thetr corresponding values of §anmd o (as suppesded In
the theory part above). For comventence 1L 18 suggesied (o take (he potnls
thal correspond (o tnlegral values of Gme and velocily. Suppose the
courdinales of these lwpnmumu ) and (L, ©). The change tn the
v:hﬂlyu[lhtm.riulhaatttu:ml ﬁ.,—i.,.'lu-ln', ). Calculale the

EESEUNERSoe
SRdBLEEESe
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acceleration of the car during this tme interval (- ) using Eq. (2]

a-Ta Ty
gt

In the same way. delermine the acoeleration of the car for three
mare tme intervals by choosing differeni sets of poinis on the o - |
straight line graph. Tabulate the observations.

B. Determinabion of Distinee Moved by the Obpect
Ustng v - { gruph one con delermine the distance moved by the car In a

. Yadoe of e Vithe of Umw Yelooly sl Velooly ad  Accciorution
No forthefri  forthesseond  mstami(, instamt(,  of the cur @

ol chsen g1 poimd chosen om0, ity (Wb B G
the gragh, {,  on the graph, L LY
i} ] b 5 st im =

G

given Ume Inferval. Choose @ Nxed Ume inlerval Tosay 10 5. Using the

mudhod described in the theory part [Eq. (3], calculale the distGince ravelled
by the car in Arst 10 5. That 15 the distance trovelled by the car between |

=15 1o 10 5. Nexi, calculate the distance iravelled by (he car monext 103
fihai s distance travelled by (he car belwesn £ = 10 s (0 20 5] Calenlate the
dibstamice travefled by (he car in dme T betwreen differenl nstants ol tme
Tabulkte the caloulations.

The distnnce ravelled by the car naghen Ume interval can also be

{,

e
r
=
I

iTw= 6T

althe Tial distaner:  Tolnd distance

p———
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Resurts aND DiscussioN ?

The velocity-time graph for the motion of the car is a straight ne graph
sloping with the ime axis. This indicates that the car is moving with &

uniform accelemntion. Attach the velocity-ime graph in your proctical record
hondk.
The aceelerabion of the moving car from the graph) = ms*

The total distance covered by the car (irom the graph, but using Eq.
== m; and the tofal disiance covered by the car [by counting the
SOUATES o5 under the v - ¢ graph=__  m.

Il s observed Lhal the distance ravelbed by (he car in a given thme
mtervals bul al diferent instanls are different. This shows that (he car ts
m accelersted motton.

PRECAUTIONS "_1;

+  Plod graphs using a sharp tip pencil,

* The scales chosen for representing the velocity amd (me guanitiies for
the molton of (e car oo the bwo oxes moest. be =0 cleosen (hat te
maximum part of the graph paper s utfitsed. This will help tn
Interpreling the praph betier

NOTE FOR THE 1 EACHER

* i is sdvised thai before perfirming this aciivity all stodenis must
have compieted the earlier acitvity iled: To plot distance-time {5 - §
and graph for an object moving with o uniiorm veloctty from o ghven
st of 5 and § datn omd to determine the velockty of the object.

* o ks wrile-up nspecimen veloctty-thime dela e the motion of the
mhm:{f.lulwmmmﬂshmmﬂdﬂthmt
sels ol velocty-(tme doda for o moving eibject for plolitnge o - L graph
amd {0 delermine the aceelerulion of the olyject under uniformily
sooclernied motion. The distances trvelled by the object between
differeni tme infervals may mlso be defermined.

#  Wihilbe elrawing the e axes Bmes OO0 and OF represeniing (he Hme
il veloriiy wihies respeclively, on e graph psiper, e potnd O shisakd
b (adoen slighily swsry from (e bl bottom cormer of he gragh paper

*  Thephysical quantities and thelr wnls must be propery ghien on the
axes. The scaling of the quaniities may also be mentioned

appropriately at the fop dght corner of the graph paper.
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APPLICATIONS

The slope of o v - { graph ts a measure of acceleration of the moving
object. And the area under a v - [ graph ghves the disinnce travelled.

One can draw severnl © - ¢ graphs for different moving objects. Their
slopes can give o comparison of their accelemitions. Langer the slope of
the graph higher s the acceleration of the moving object. Similardy
larger the area under the v - { grnph, more Lhe disinnee travelled.
The o — i graph plotlied here shows [he molion of the ol for 8 given
runge of Wme inlerval. One can éven determine the velocity (or
aeeeleralion) al a tme beyond (he minge of me mlerval gven in (e
it For this, the graph should be extmapokited.

QUESTIONS J

- Whuuulhrm!nrﬂiihrwm:,r—umglnph:hrnnubjndmmmg
with uniform velocity? What will be the slope of this graph? ]

= Whei 15 the nature of the velocity-me graph for an objecl moving
with uniform seceleraiion? With non-undfonm seceleration?

= Whal will be the shape of the v - | griph for on object al rest?

= Whal conclasien you doaw I velociiy-Bme greph plodled for an
olifect 15 paralled (o the ime axis?

=  Can you imagine o wioclty-time graph paraflel to veloctly axds?

*  Two cars min on 8 stralghl road with different uniform

accEeralions for 15 mimules. Thus iher o — L graphs bave different
shirpes. Whikch car will trive] more distanc?

*  In this experiment it is suggesied Lo uttlise the maxtmum pari of
the graph paper. Why?
= Blate the copsiderations ene musl adhere (o while choosing the

scales for plobiing a graph.

e
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Experiment 3

An [@]

To study the third law of motion using two spring balances.

THEORY “e

The first turs biws of modon (el us ow an applied force changes the siate
of motion of an object and provide us with o method of determining the
foree, The third bvw of motion stales thel when one obyject exerts 5 fome on
another object. the second object also exeris o force bock on the first
These two forces are ahways eqoal in meagndiude bot opposite in direction.
These lorees act on different objects and never on the same object. The two
opposing foroes arealso known as aotion and reaction fores, Let us consider
two spring balances, A and B connected together as shown in Fig. 34.1.
The fixed end of balance B Is attached with a ngld suppord. like a wall
When a force is applied through the free end ol spring balance A, I Is
ohserved that both the spring balances show the same readings on thetr
scoles. It means that the foree exerted by spring balance A on balance B is
equeal buf opposite in direction to the force exeried by the balance B on

Fig. 34.1 » Action and reoction formres are equed and oppostie

H A

|l sy ] e (1 J°
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baknce A. The force which spring balance A exerts on spring balance B 1s
called the acfion and the force of balance B on balance A 1s called the
reaciton. This gives us an allemative stalement of the third law of motion,
That i to every action thers is an equal and opposite reaction. However, i
must be remembered thal the action and reaction alvways act on bvo differend

oljects.

MateriaLs REQUIRED

Two identical spring balances (0 - 5 N 0 - 500 g, welght box, Inexiemsble
ihread. a fictionless pulley fwhich can be fixed at the edpe of the abie],
and a pan of known mass.

Pmcmumz E:]

Find the range and (e least count of Ure e spring balances.

2. Enpsure that the two spring boalences pre identical.

3. Check whether the spring balances cin measiure the foroe? I the (wo
spring bilances have the graduation markings in lerms of kirce unils
— well. 1T ol thal ks ihe spring balances have graduation markings
i berms of mass only, then Tearn fo convert I I oree units as
explained i the Note for (he Teacher,

4. Hold the iwn spring balances vertically and ensure that their polnters
are ol zero mark.

PFig. 34.2 : The expertmertad el up
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B,

Arrange twi spring balances A and B, & pulley and & pan with the
hedp of an mexiensible thread, as shown In Flg 342 The spring
bedance B must be altached 0 a rigd support. The spring bakmeoes
may resl an fhe smoolh table-top while the thresd msd o (owch
the tatle- top, The other end of the thresd, widch (s attched with the
prin, shoukd also hang reely withiool louching Che Gakle,

What are the readings of the scales on the two spring balances? Are
lhchtmﬂhllu;pruﬂmuldytqmltnﬂwmlghtllddthfpnn
(mass of the pan (mj = sceeleralion due (o gravity (g at your place)?
Ideniify the action and reaction forees, The free which spring balance
A exeris on B is action (reading on the seake of spring babance B, The
reading on (he scile of balance A shows the rescion el sprng
balance B3 exeris on A

Pul some mass M on the honger (say 100 g). The {ninl moss atinched
io the thread ts now [M + m). Observe the resdings of boih the bolances.
Repeal step B for al leasl Mve more masses of the pan. Tabalate
pour observalions.

OBSERVATIONS AND CALCULATIONS @-\

[} Range of the wospringbalanees = — MNor__ —
(1) Lenst count of the spring balamee. = —_ Nor__ - @
§ik1] kmhﬁmdmhmlylgﬂymphﬂ = ms"
(vl Mass of (he pan (given) m = g =__ kg
v Welght of the pan w=miin kg %g =__ N,
S Masson Totu Total Wright Readmg on fha scale of the~~ F,- F,
Mo the pan. mm&uuum “m T LT
n io apring,  halanee A habaner batance
balance A (M = mixg A H
\(S-T R 2
I T N N L
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ResuLts aAND Discussion ?

The readtngs on the scales of the two spring balonoes are same. [t means
i action foree; exeried by the spring balanoe A on B 15 equal to the reaction
foroe (exeried by the spring balance B on A). Thus the action and reaction
forces are equal and opposite ond act on different objecis. This verifies the
third e of modion.

In case i the readings on the scales of the two spring bakinces are
approximaiely same [(hat s, not exactly same), discuss (he Teasons,

PRECAUTIONS *.¥

= Hefore making use of the teo spring balanees 1l should be ensured
that their pointers are of sero maork.

=  The readings of Lhe wo spring balances should be noted only when
Liseir pintnlérs come Lo nist

= Sebecl spring balances having untform and evenly spaced calibration
marking.

*  Thie thirend osed inexperiment should be medensible lest the sireteh
in the sirim mny change e foree on e spring bakinoes,

NoTE FOR THE TEACHFR

* In omder (o make use of spring balances property, I s advised
that before performing this experiment ‘siudents may be given
proper grooming to the use of spring balance (see Expertments 3
ond 4.

*  The purpose of this experiment 15 o elucidate the third Ew of
mition. In order (o gve avold ommecessany imporiance o the
measuning skills. i s advissd that the mass of the pan may be
provided.

= A spring balince & primarly meanl for measurng the welghl
{force) of an object. However in labortories, o spring balance is
often used (o measure the mass of an object. 1L should be
remembered thal the calbrmiion of spring balanee smle is done
al the place of lis manufnciore and depends on fhe vialue of
actelemtion due o gravity {g] al thal place. Therefore. I a spring
balance s wsed (0 measure mass al any other place where the
valie of g s differenl, an error n the measurement of mess will
appear. In this experiment however, I7 the two spring balinces
are ientical then this error will not matler because here we use
spring balanoes (o compare the forces due o grmvily.
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= In (his expertment we inbend (o sfudy the third law of motion,
which is aboud the action and reaction forces, 1L 15 theredors
important o measure forces rather than the masses. I is therefore

lo use the spring balances which also measure welight

fforce) n N, In case such spring balonces are not available and
sludents are compelled (o make use of spring balances that
denotes mass readings only. then suggest them o tnke mass
resdings cormecily. The mass readings then can be multiphed by
the value of the acoeteration due to grovity (gl ol the plaoe where

the experiment 1s being performed.

APPLICATIONS

Mhmmﬁ&mmdﬂﬂyﬂfﬂnﬁnummﬂmﬁﬂﬂm
of third krw of molion. How do we move on the road? Identify pair of
dciton and reaclon forces. Do they produce acceleraslions of equal
magmitudes oo he two objects fmclved?

QuEsTIONS
»  Why do we find it difficulf o move on'sand?
*  When a borse pulls a carl, sccording o the third Taw of molicn,

the cart also pulls (he horse in oppostie direction with equal foroe.
Why does the horse-carl system move al all tien?

*  Aspring balanee 18 calthrted in mass, Does il mensure méss or
watght?

* Aspring balance s calibrated in grums at Kolkata (say). The mass
of an obypect measured [rom Qeis balance si New Dellud is 60 g
Whal i% the accurale mass of this object? Whal mass of the object
Wwill be shaviw B Lhis spring balanoe on the sirbiee of e moan?

* In one of the expertimental observations with a good spring
balance, the mass of an object was found (o be 495 g However

the aceurnte mass of this object was 50 g, How will you explain
this pheervalion? Does i go against the third lnw of motion?
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A [@]

Tuumdymtvnmmmmlmum;ﬁthmnthmmdlhbmtmd
surfares in conioret.

THEORY g

Whenever an object is made to siide over another surface by applying a
force, the foroe of friction {or simply friction) opposes iis motion. The foroe
of friction acts in a direction oppostte to the direction of the applied foroe.
As the foree applied dan the object 13 fnereased. the foree of fMcton also
Increases actordingly to balance 1. The nel force on the body remains wén
and i doesn’t move, However, (he force of friction can inerease only up (o
A cerladn Hmil, Onee the applied foree is increased beyvond (s Bmit, an
unbikanced force acts on the object and it begins (o move. The maximum
value of force of friction, acting beiween the bwo solid surfaces just before
the objeot sets tnto molton is called Hrntttrg force of friction for stmply Bmiting
Sriciion.

To study the dependence of Bmiting friction on the moss of an object,
you will need on armangement to measure the foroe applied on the object
and fnd the force that is just sufficient 1o make 3 move on the surfnce.
One such armangement 18 shown i Flg. 35.1. [n this arranpement. one end
of i string s fxed Lo the object to be moved whille 15 other end has a pan
alinched (o 1L The siring passes over a nctionless pulley soch dal (he

pan remains suspended freely tn air, When a weight s kept on the pan. a
iforee acis on the body in the horizontal direction through the siting, Il the
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wright of the pan is equal to the Umiting friction. the object starts shiding.
Thus,

Limiting friction = Foree exerted through the siring
= Mnss of the pan and the mass of exira welghts
placed on i ¥ pocelernion due o graviky (g

Fig. 35.1 r Experimeninl sel up bo stedy peerfafton in imiigng
Jfriction with the moss of the offect susprnderd

M ATERIALS REQUIRED

A wooden block with a hook, horeontal plane, two different jlane [ofp
surfaces (such as glass top, & wood mica top or a hard boand). a Mclionless
pualley fwhich can b Oxedal (he edge of the plane), a pan of known mass,
i Spirnl bewel welght bos melhuding forceps. spring bakinee, a string. and
Pen pheces of mass (say ench of 100 g

PrROCEDURE

I. Place’ o clean glass sheet on the fop of o fable. Make the surfoce
horizontal with the help of a spirit level. To make the giass top
horzontal, pleces of paper or cardboard may be Inserted below 1
Fiud the range and the bt cownt of the spring balance.

Measure the mass of wooden block having hook (M) using a spring
balance

4. Fix the pulley at the edge of (e table as shown n Fig. 35.1.

5. Tie one end of the string to the pan and other end to the hook of the
bloci.

6. Place the wooden block on the hortzontal plass top and pass (he sinng

L
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over the pulley as shown in Fig, 35,1, Make sure that the portion of
siring between the pulley and the wooden block is horizontal and
does not {ouch the table-top anywhere. For this adjust the height of
pulley so thai its top is af the same level as the hook fixed io the

7. Pui o small mass [pl. say 20 g on the pan from the weight box
Genlly lap the glass surfsce and observe whether 1L makes the
block move. Incréase of decrease the mass on e pan 0 steps U1
the wooden block Just begins (o slide on penily tapping the glass top
surfisce. Note the mass kepl on the pan.

B, Hemove [he mass from (he pan and move the block (o the same
positon as bhefore.

8. Pul some moss {g), say 200 g, on the wooden block. Find out the
mitss required to be kept on the pan that is just suffictent to make
the wooden block (logether with the moss g) slide over the glass top
surface. Note the mass kept on the pan

10, Repedl the actvity by puliing dilferenl maiss on e top of the wooden
block and node e mass required (Lo be phiced on ihe pan) io make U
shicke I each case.

11. Replace the glass lop with any other surface such os wood mics,
hard board and repeat the steps 8 to 10 and record yotir observabions.

OBSERVATIONS AND CALCULATIONS @-.._
Record (he observations for two different surfaoes o diferent taliles.

ifl Hange of the spring balance = K
i Leasi count of the spring balance = i
) Mass of the wooden block with hool. M = g
vl Mass of the pan, m {pven) = _E
" Accelerabion due to grovity al your place = m/s*

Table 1 : Siding of Wooden Block on Surface 1 (Glass Top)

S Mass i the Total mass of Mass on pan, Totnl mass of  Lmsiing fricilon
M. wenodien wnoden hioek  required 1o moke thepan=m+ p = Wetght of the

tibock, g =N+ th wrndien Pt = {mn+ g
balich sk ap
phass b, §

W W ik W W e P ms or N
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Table 2 | Shiding of Woodsn Bloeck oo Surface I (Wood Mica Top)

‘8, Mamson the Toinlmussaol Mass on pan Tl mass l-lr-rtl:fﬂr:ﬂm

Mo, woolem wooden block mu:ndtnmih the pan=m + p of the
biock, g =Msq the womden pan =+ peg
‘bilor afide on
wrnkl mirn op, @
L] Wy w W kg e o N

B
A
a

RESULTS AND Dlscussmu?
* The imiting fmction increases with the increase in weight of the

object siding on a given surface.

#  The value of imiting fction changes with the change i the nalure
of surfaces in contacl. Friction belween and ____ surfaces
ts mare (han Mction bebwesn il surfaces,

Pﬂf,munuws‘e
Since the fniction al the pu affects the value of Bmiting fMiction,
the pulley shoubd te as a5 possthie.

*  The siring should be inextensible.

*  The portion of the string between (he palley and wooden ock nist
et hortzontal

* The surface ol plone (glass, wood mica, hard board ete] and the
wooden biock tn contact must be clean and dry.

#  The pan shoukd be atiached with the siring i sueh s manner thet i
remains hortzonidal when it s suspended freely with no mass on it

* Whenever o mass Is added to the pan. tnpping on horzonial plane
surface [glass, wood mica, hatd board etc.) should be done very genily
{0 eheck whelher the block jusl moves or nol.

*  Forceps showld be used while handiing the weights, Ensure thal mass
dises not slip down 45 e pon moves.
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NOTE FOR THE TEACHER

Give practice o the studeni for the use of spring balance
[Experimenis 5 amnd 4.
The purpose of this experiment 1s o undersiand the phenomenon
of itmiting friction. It 15 advised that the mass of the pan (m) and
that of the wonden block (M) mary be providesd.
The portion of string thai ies between the pulley and wooden hlock
should remaln bonzonial. For this the position of pulley fixed on
one end of a tablé may have [o be adjusted [in accordance io the
thickness of plane surfaces and the postilon of the shiding wooden
Moekl.
IE & imporiant (o make a judicious choice of the stz of the block
and set of mass for this experment. IT the biock 15 oo Bghl, e
foree of Wmiiing ficlion may be even less (han (be welght of the
c-mt!:iy paint amdd in (ks siuabion the observalions cannol be taken
the block alone. Stmilarly, the maxtmum mass of the block.
which can be varied by pulting a ghven set of mass on i, should not
be 50 large that @ lanxe mass ts required (o be kept on the pan to

make the wooden block slide.

Flg. 36.2 : Analiermate arrangemen mprossedl o
selnirlyy fhee Ionlieng friction

I dsase o pulley 15 nod avatlable or cannol be positioned propery, o
spring balance may be used (o measure the force required o make
the block move, Tie one end of the siring with the wooden block and
its other end with the hook of the spring balance, The kength of the
siring should be such ihai the spring balance could be held @i ope
end of the table while the wooden block is kepd near the other end
of The hortzoial plane surface (Fh 35.2). Here oo, the string should




Laborary, Aol = Sriemey

be kepl horizonial while (he foree 15 applied on the block. Now
apply a small force on the wooden biock by pulling he spring
balanee. Gradually increase the foroe U (e Mock begins bo shide
or e hortamital surfece. Naole thal the spring balance shows
Iarger value of force jusi before (he wooden block beging (o slide.
Thts maximum reading of (he spring balance gives the value of
Tt Priction, iF the given spring bakmoe i calibrated in newlons.,
the foroe can be measured divectly, However, if 1 15 calibrated n
kilograms, then the measured valoe has (0 be mulliphied with the
acceleration due fo the gravity,

QUESTIONS

*  Why 1= use of a Mictionless pulley odvised?

¢ In s experiment, whal will happen I the welghl of the emply
pn s more than {he Hmiting friction beiween the surface and
the wonden block you are using?

*  In which direction the foree of friction acis on the block?

" wmuummmﬁmmmeummmmmmlm
surfce and the wooden hiock you are nsing?

*  How is tmiling friction beitween bam surfaces in contusct affected
when grease or ofl Is put between (hem?

# A 100 g bleck shdes whien tension in the siring s x N, Whal will
be the fension in the sirng when an identical block is placed af
top of the frsi block?

. Ttu_hnhl-u:'ﬂmuunedlnahumqnuthmmcmmtnd::d
placed on the same surface. What would be the tenston in the
siring now? :

¢ How can you use the concepd of Imiting Mclion to measare a
Foree?

* In the above experiment as the biock shides over the surface o
sound 18 heard. Can you explain the reason for the sound

produced?

= |



Kaurg TrgE, Propls ang ioeay ©

Experiment

A [@]

To verify Archimedes’ principle.

-
THEORY &=
Archimedes’ principhe, also called Lo of buoyancy, sbiles thal any object
that 15 compietely or partly mmersed {or submerged] tn o Buid af rest is
acied on by an upasand (o booysnd) force, The magniiude of this foree 18
equal o the weight of the Dod displaced by (he object. ‘The volume of (he
fuid dispaced 18 equal tothe volume of Uhe portim of the object submerged.
Here in this experiment we shall make an attempl (o verily this principle
by submerging a solid ofject in waler

MaTterIALS REQUIRED

An overflow-can, a wooden block, o measuring cylinder (100 mL and
prefernbly with o least count of 1 ml), a spring balance, a solid object (a
stone or a melallic block of size that can be easily lowered in the overflow-
can), Inboratory stand, and a plece of stk thread.

Procepure [f_ ]

1. Find the range and least count of the spring balance and the
cylinder. In case the spring baiance is calibrated in newion [N], note
iz mnge and ihe leasl count m N
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Fig. 36.1fb : Mensuring the weighi of
ithe ohifect tn the air

2. Plive an overflow-can o i wooden Block and #0 1 with

e

Eapwsler undil the water begins (o Now from (i3 spoul
Wall Ul ihe kst drop of excess water Nows oul, This Is
io ensure that the Jevel of waler in the can 1S up o s
birim.

Flace an empty measuring cylinder under the spout of
the overflow-con o collect water [Flg, 36 1{a).

Tie the given solld with a thread and suspend it from
ihe hook of spring balance, Clamp the spring balance
with a laboratory siand such that the solid s suspendesd
freely I air &= showm tn Fig. 36.1(b). Note the reading
of ihe spring balance.,

Lower the solid tnlo Lhe waler in the overflow-can sisch
that a part of I, sy less than holf of 1L gets immersed tn
water. Lel the waler displaced by the solid in the
overflow-can flows out form s spoul and gets collected
in the measuring cylinder placed below [as shown

in Fig. 36. 1jc). Wait {1l the water stops dripping out from the overflow.
can. Note the volume of the water collected in the mensuring cylinder



Ml'\..'r\;-h'rl..ﬂl-mi e e © — =

&, Notethe reading of spring balance while the solld is partly immersed

in water and (he dripping of water has siopped. This cormesponds (o
the wetght of the soltd when i ts parily tmmersed tn water.

7. Lower the solid further tnbo the water (but do nol lef 1 fmmerse
compledely) m the overflow.can. Let the displaced witer be collected
in the measuring cylinder as before and note the new volume of water,
Note the reading of the spring balance os you did before tn step &.

B, Nexh lower (he sold fhoriser mlo the waler Bl il gels completely
immersed in il Agam note the volume of water eoliected in the
measuring cylinder nnd the reading of the spring balance.

8, A= a courtesy (o vour fellow studenis, chean (e lable as some waler

might have heen spilled on the tahie wiile performimg this sxpeniment.
OBSERVATIONS AND CALCULATIONS ®\

il Hange of the spring bakanes =____g=__N
{tf) Leasi count of the spring balance = - g=. N
) Range of the measuring cylinder =__  mk
v] Leasi count of the measuring cyinder =___ mL
iv) Welght of solkd in atr. W, = N
for W, = mass of solid o air, my i kg =
aceeleration due (o gravily g in m/s3]
ivil Density of water, pighen) =. ___g/ml
ivil] Acceleration due to gravity (gl ai your pince = mfs,

5. Wreading of the  Coresponding Volhume of  Weight of [ifferenon

No, spring balance  koss m I wiler ooE-  Waler collecird  APpaTenl ose
when succesreely of the solid, ccied | the m e 1n wietgll o
prEter W=, -W, mwRERITING  meARUTng the werlgit
yodumme of the  for W=my—mgh cylinder, V  cyfinder dhispilaced
ol 18 tmin- ooyl walier
ereeid i Wi foroe], W=
W, far ) Vo Xp%g W W

i “ik fmly [} ™)
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Resurrs axp Discussion ?

The difference between the apparent loss in welght of the solid when
immersed in waler and the welght of whter displaced is neghigibly small
i N}. In eoch case the observed volue of the appareni loss in the

weight of solid immersed tn water is neasdy equal to the weight of displaced
waler. This verifies Archimedes” principle.

PRECAUTIONS AND SOURCES OF ERROR ﬁ:

+ The mndmﬂcmmmhmthrmunuﬂm;qﬂmdrrumlmsmmghﬂannf
should be evenly spaced.

* The impuritles present (n the water may alter its density.

#  The solid used should be non-porous otherwise I will absorb some
waler. Absorption of waler by the solid may affect the change in its
wedgtht and the volume of woler disploced By 0L

+  The density of solid should be larger than thal of waier so that §i sinks
In weteT.

* The measuring cylinder must be kept on a horizontal surface and the
lrie of sight showld b= al the same levd &5 thal of e lovwer mentscis
of waler while recording the volumne of displced waler.

*  Hefore reading (he Hguid meniscos in the measuring cytmder. 1 mnsi
b epsured that theee s no air bubbde tnside the Heudd,

*  The readings of ihe spring balumnoe shotld be inken only after s potnter
comes o rest. I the spring balonoe has some zero ermor e i muost be
tiobed before taking measurements and the sane should be taken nto
account while using the spring balamoe.

#*  The thread used tn this experiment newy akso absorb some water,

NOTE FOR THE TEACHER

»  Experimeni 37 *To esiablish the relation befiveen the loss in welght
of @ soltd when fully tmmersed i {I) tap waler; (1} sirongly saliy
v, with the toelght of waier displaced by & by toking of least
turo differeni solids” and this experiment have some-what stmidiar
objectives and procedure. It 15 therefore advised thal studenis
may be asked io periom onty one of these oo experimenis.

¢ Incase, an overflow-can is nol avallable, a large size-beaker with
 spoutl may also be used.
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QuEsTIONS

Why does the polnter of o spring balance move up when the stone
suspeniled from it is immersed in water?

State the Factors on which buoyant force acting on an object
tmamersed in oo Aukd depend.

What will be the effiect on the opparent loss In welght of o stone i
it ts immersed in saliy water Instead of tap-waler?

Stile two precautions thal should be observed while making use
of an overfow-can.

An object suspended from a spring balance 1s grodually lowered

i am overflow-can. What will be the change in the apparent loss

in the observed weight as ihe object 1s immersed 0 water?

Whial £% a Mukd? I 1t diferenl from o Nguid of from i gs of from

i aodkd?
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Experiment

An [@]

To esinblish the relafion between the loss in welght of a solid when fully
tmmersed in {1} Lap water; (1) strongly salty water, witl the wetght of water
displaced by i by taking af least lwo dilferent sollds.

TrHEORY E

When a splid oliject 18 immersed in wiiter, there is a loss in ks welghl This
Inss 15 equal (o the welght of the waler displaced. In this experiment we
shall apprecizte this relatfonship by immersing two dilferent solid olxjects
i Gip-water and in sfronghy salty water.

Materials REQUIRED E

An overflow-tan, o wooden block, o measuring cylinder (100 mL and
prefernbhy-edih a least count of 1 ml), a spring balance, two small different
sodid non-porous objects, Inbomiory siond, tap-water and strongly salied
waber of known denstiies, and a piece of silk thread.

PROCEDURE E
1. Fimd ihe rnge and e lesstoounl of the sprirg babmnes and messuning
eylinder.
2. Hold the spring balance vertically and ensure thai iis poinier & ai
FEOD mark.



Mg T, Propls and gy S

e
_—y

- whether the spring balance can measure the
welght? If It has the graduaiion markings in lerms of
foree units, that 15 N — well, If nod, that iz the spring
bakances have graduation markings in terms of mass
only, then comvert It in welght by muliiphying the mass
with the aceeleration due 1o gravity at your phce.

4. Plawe i overfiow-can on a wooden block and 00 it with
tape-woler untl the water begins to Bow Fom iis spoul.
Wall I the last drop of exoess waler Oows oul. This is
o ensure that te level of waler in the overlow-can is
up lo 1is brim.

5. Tie one of the two given salid objects with a thread and
suspend it from the hook of spring balance. Clamp the
spring bakince in a lxboratory siand such that the solid Fig. 37.1ia) : The cierflocs can
is freely in air. Measure its mass (m ] or iis and . memsuring
welght fuw, ) tnoatr [Fig. 37.1(bj). ryfnder sy

B, Flace an empty messuring cylinder under the spoul of
the overflow-can to collect waler [Flg. 57 1a)).

Flg. 3T.1icl: Meosuring the sreight of
Fig. 370 r Measuring the weighi of the obpect when if i1s
fhr olgert i e alr Enrnetsenl B wvler

7. Bring the boralory siand jclamped with the spring balance and
ik solid object) over Lhe lap-waler Med overfow-can. Immerse the
sotic Milly inlo the tap-waler In overfow-can, &8 showt in Fig. 37, 1icl
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H, Collect the water displaced by the solid in the overflow-can that fows
out from Hs spoul in measuring cylinder. Watt 01l the water stops
dripping out from the overllow-can, Note the Volume V_ of water
collecied in the measuring cylinder.

9. mm:mulmmmmmtm[m#mm:m
(i) ©F the solid in Lap-waler. Record your cheervations.

10. Repeat step 3 onwards for second solid object.

11. Repeat the whole procedure for strongly salled water in place of Lap-
waler. Do you observe difference tn your readings?

OBSERVATIONS AND CALCULATIONS ®\,

M Range of the spring alance = _—__NKor_ —_ @
it} Least count of the spring balance = Nor g
filj Acceleration due lo gravity (o

al yoiir plice = m&t

(v} Oiher Vahes:

A, Hatid  Rewibing of the Loss moweight Volume ol  Weight of  Telereoeoe m

Mo Otfect  spring balance of the solid when tap wiler  Lup waler  Joss
whor the sold  fully tmmoerssd. oolleciel = oolbecied 0 of solid and
oijpct is fully' I tap water, measuTIng  measining  weight of

mrmersed in W, evimider,  cyRnder.  displaced tag
g waler Ve W™ waler
= Voo sd Wy -Wo
- Mass  Wright
& -l
W kg M ™) ML Y ™
1. Ferst
2 Secomxd
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S Salid wmm.#l Wolume of  Weight of Dhifience in
ﬂ:._ﬂl:j:i:'l apTing of the wolid ﬂ:r.n!lr sty ol
when the said  when futly ANy waERr  calty tap s of sl
olfject s Mully  immersed m colleoted | waler e wetglil
immmersed By sirongly salty | mensuring oollecied o of displaeed
strungly salfy  water cylimler,  messTIIN
waiker W W cyfinder.  saily waler
Wonw™ W Wonw
Vo < Pl ™ 8
g kgl N i il (mey ™ i
1. Fursi
1 Second

Resurts anp Discussion ?

The loss. in welght of both the solids used in this expertment when Rilly
tirmmersed in lap and strongly salty water are equal (or approxtmntely equal)
Lo the welghl of waler displaced by them, respectively.

For a given saltd. the weight of water dispiaced by It when tmmersed
fully tn strongdy salty water 15 more than the weight of (e waler displaced
when fully n tap-wmier. Thus langer the density of lquid in which
the solid 1s immersed, karger the welght of Bquid dispiaced or farger the

upward [or buoyani) fome, Q
PrecauTions AND Sources ofF Error®:

= Defore making s of e spring baknoe B should be emsured (hat 1is
podrider 15 il wero mark.

* Enpsume that the spring baknce hongs vertically with. the labominry stand.

* The solid objects used should be non-porous otherwise they will absorh
sone waler. This muy affeel the apparent change i fis welght and the
volumme of waler displaced by (L

= ‘The density of solid should be lrger than that of Bpuid so that # sinks in &

*  The mensuring cylinder must be kept on o hortsontsl surface and the
Itree-of sighi should be ol the same leed as that of the lower mentscus of
water while reconding the volume of displaced smder:

= Defore pesding the waler meniscus o the messuring cylindss, i mus b
ensured that there &5 no atr bubshle inside the water

» The readings of the spring balance should be (nken only afier its
romes o resl. I the spring balonee has o emmor then 8 must be noded
before Inking measurements and the same should be taken into account
while using the spring balance.

147
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*  The graduations mark on (he two spring balances may nod be evenly
spaced.

#  The mpuriles presend tn e waler may aller iis density.

*  The ihread used in experiment may alzo absorh water to iniroduce

ST TR,

Not1e For THE TeacCHER

#  The earller experiment: "To perpy Archimedes' principle” and (his
experiment have some-whal similar objectives and procedure. [0
I therefore advised that =ludents may be asked lo perform only
orve of (hese [wo experimenis.

# In ¢ase an overfiow-can is ool avallable, o lorge stee beaker with
a spoul moy nlso be used.

*  Students may be provided (ap saler and sirongly sally waler
separalely, The density of sally waler may alse be provided. In
case if the density of sally waber s nol provided Uven students
i be askerd o prepare sirongly salty waler by dissolving a known
quaniity of sl i known volume of tap waler (o caleulale the
density of strongly saliy watern),

#  Thresd used for tying the solid objects may absorb some water to

couse error. IEis therefore suggested thol cotlon thread be nof
used Instead o silk thread may be osed.

¢ [ ihe density of mvy solld object 18 bess than the dersity of whaler
then o sinker can be used o perform the experiment.

APPLICATIONS
This method can be wsed do defermine the density of any Igusd

QuUEsSTIONS
L ‘ﬁ"ll}' Bl emsber Lo Swimm ki ses-wiaber rilher (han 8 seamming
pool or river waler?

*  Inwhich Hquid—ghyeerin or kerpsene—{he Ioss in the welght of 2
snlid pbject when fully immersed o will be more'?

*  How cin yiu perform this expertment for a solid whose detsity 15
lesser than thal of the Bguid used?

*  What are the imtiations of this experiment?
= [ising this melbod, how windld you Bnd e densily of o Tgusd™

Howwill you select solid to perform this experiment using ghycerin
in=stead of water?
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Experiment

A [@]

To plot tempemture-time graph for & hot pbject os it cools.

L
THEORY Q=
A bl obipsct loses heat (o8 sarroundings in e form of el radialion.

The rate of loss of heat depends on the difference in lemperaiure beiween
the object and s surroundings,

Materiars ReqQuirep

A calorimeter (500 mL) with a stirrer, a Bid for the calormmeter with bamo
holes in it. o thermometer { -10 °C — 110 *C). o stop-watch or stop-clock,
spiri lamp or gas bormer, tripod siand with wire gauze. a Inbomitony
siond, water and a plece of thread.

PROCEDURE E

1. Find the pange and beist count of the thermomeser,

2, Hold the thermometer vertically in mir ond note the room
iemperaiure.

3. Take abomt 300 mL of water in the calorimeter with 5 stirrer and
cover IL with two-holed Hd. Fix a thermometer through a hole o the
Iid (Fig. 38.1). Make sure that the bulb of thermometer is Immersed
In the waler.
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Fig. 8.1 ; Heating of weater n o celorimeter

4. Plare the caloritmeter over the wire ganze

on the tripod stand and heat it with a spict
Limip or 3 G Burmer

Heal the waler UI1 1t attains a lemperaure
nearly 40 T above (he room emperalune
[temperaiure of the surroundings). Stop
heating the water.

Switch on the stop-wnitch or stop-clock. Note
the reading of the thermometer after Axed
intervals of (ime, One can read the
thermometer Indtially after every one minute
and afler every lwo minules once Lhe
lemperatiure of waler falls down 0 nearly
10 % above the Toom lemperiture, in onder
io mainiain untform tempersture of the water

. the calormeler, keiep it stirmng gently with
the siirrer.

7. Conlinue o note the lemperature of waler

L 1t stEains o temperature abl 5 °C above
that of the surrommdings {rom tempem ture).

OBSERVATIONS AND CﬁLﬂMﬂﬂHﬂ@\

Room temperature [lemperature of surmoundings). 8 = C=_ K

SUNo Tumet  Tempersture of witer Temperuture dxfference, 8




(GRAPH

Study the ronge of variation in the values of
lemperatore difference @ and that of me L
Choose approgrtale scales for U temperatune
and tme 1o plot & graph between them. Drow
Xand gaxis on the graph paper. Take 8along  *
the y-ixis and dme [ along (he x-axis, Plot the
points on the graph for each value of
irmperature difference #and the comesponding
value of Bme L Join all the polnis with as
smoolh (without piinbed edpes) o cumne as
posstble. Tt s Ukely thal a smoolh curve may

Kauvrg TrgE, Propls ang ioeay ©

Temapetiibire & —

-

ol e oblatmed by joining adl points on e

graph. However, a smoolh curve can be drawn

by joining as many points as possible. Do not i S,
bother even if some points are left oul on etther

sile of the curve dravn (Flg 3821

Resurrs Anp DIEEUESION?

Simady the curve pbinined on photting the graph. From the graph infer as
tn how the cooling of hot water depends on the difference of 1ts temperatune
with that of the surroundings. Remember thal a cumve nieirly paralkel for
close to i) io the y-axts shows that cooling is quick (that is, rate of cooling
Is high). While the curve pearly parnllel jor close o 1) to the x-oxs shows
that cooling is slow [that ts the mie of cooling is slow].

PrecauTiONs B

The inttinl fempemiure of hol waler in calonmefer should be abonl
40 °C above the (emperature of surroundings (the room lemperatione).
The waler in the calofmeter should be gently stirred all the times
during the experiment.

The colorimeter should be covered properdy to ovold (or o mintmise)
loss of heal by waler due Lo conveciion or evaporation.

The scale for drawing the graph should be chosen such that all the
observed values conld be acoommodated eastly. The curve drawn should
not only be continuous and smooth but care should also be taken (o
ensure thal il passes through maximum number of points tn souch a
mannet thai nearly equal number of remaining points e on either
side of 1L In some cases the smonth curve may be such that nearly
all potnis lie outside 11

(R TR e

Fig. 38.2 : Cunw sheastng cooltng of hod
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MNOTE FOR THE | FACHER

Blackening of calorimeter from outside will reduce the cooling
of bot water by conduction. Therefore, use of blackened
calorimeler should be preferred.

In case a calonmeier is not avallabie. then a Beaker wilh 16s
ouler surface painbed black may be used instead of o
calorimeter,

Experimenis 32 and 33 provide o good practice in plotiing
graphs. It is therefore advised thal students must first perform
efther of these two experiments.

QUESTIONS

Why does the temperature inll mpidly when we sian resding
the {emperature of given hol waler In this expedment?

Wiy B (he calonmeter coversd with a hd while performing the
experiment?

Why do we prefer o keep the calorimeler on an Insalabing surface
while performing the experimamt?

Why dees he temperaiure Rl slowly when ihe iemperalure of
busi wrader i Lhe cilonmeter approsches the room (Emperaiure?

Why do we prefer (o use a calodmeler whose outer surface 15
blackened?

Fora ghven hot Heudd, the @ - @ erapl s paralle] io dme axis, What
tnference do you de from such a graph® (Cagctton; This stiuation
rraly med be el o)

What would you Infer from a tempemture - Hme graph that is
parullel to temperniure axis?

I ihis experiment you mighl have observed thal imibally (he
temperature of hol waler Talls rapidly. Bul as the bemperaiure of
witler comes close 1o the lemperaiure of sumoundings. the fall of
temperature becomes rmther siow, How?
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by g, Dyoa's ans iceas -

To siudy the eflect of ampliinde on the tme period of a simple pendulom.

THEORY E

A simple pendulum consists of 2 small
citaject of heavy mass. called (e pendulum
bob, suspended by a Ught iexiensible
thread from a fixed ond rigd support [Fig.
9.1{n)). When the bob P ts released after
tnking ifs free end P oslighlly (o one side
[say Lo potiil 1), 11 beglns (o oscllkite aboul
iis mean position O [Fig, 389, 1{B)]. The time
taken by the pendulum to complete one
oscillation is called s Hme period. The
maximum depariure of the pendulum from
it mmean posttion for hall the length of the
swing 15 called its ampiitude. Does the tme
period of a simple pendulom depend on
Iis amplliude? In this experiment we shall
attempl o explone 1L

I} C
el

Flig. 391 : ja} A stmple pendulum: and

B fferend postions of the bolyof an
osciflnting simple pendelem and o
eomphets osciliadion
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Marteriats REQUIRED

A heavy Iron stand, a cork (split along length through middle), an
mexstensible thread of about 1.6 m length, a melallic spherical bob of
knoem madius, o stop-walch [or a siop clock), a lnrge size protmcior, and a
meter srale,

PrOCEDURE E

1. Find the least count of the given stop-watch or siop clock.

2. Tie one end of an inextensible (heed of peady 1.5 m lengih wilh 5
pendidum bobl and pass (he olber end of thresd through e spli
rork as shown im Fie 355, 200),

3. Clamp the cork Brmly to s heavy tron siand and place it on a horzonial

tnble. The pendulum muost over: hang the inble,

4. Fix a large siee profroctor just below the split cork such that its 0"
- 1807 line 18 hortrontal so that (he pendutom, hanging vertically.
cotncides with the 807 line of the. prolmctor. Also ensure that the

perilre ol the prolractor Hes I.Hl below (he polnl C of !.llsptllh‘-un of
" 4 the pendulum “in s rest position

[Fig. 3821
él Adnst the effective lengih of the
pendulum, L fo any desired bength

fgay 1 mj, The effeciive lengih of
periclulum i measianed from the poinl
i sipspenzion (the lowesi point on the
split cork from which the bob
susperds. freslyi o thie cenine of mass
of the pendulum bob fwhich o ihe
case of 4 sphencal obpect s al 1ts
peomelric cenire), thal ks, kenglh CP
in Fig. 39.2{a). The lengih of the
pendulum  can be Increased jor
derrensed] by pulling down for up) the
ihread through the splil cork afer
slighily leosening the grip of the
cliump. Note (he length of the stmple
petduliam.

3, Draw two lHnes on the surince, one

a parallel 1o the edge of table (AB) and

glher perpendicular fo i (MN) such

Fig. 30.3 Fmﬁw: S “i; {hat Ihflt‘ﬂ'ﬂ mtersect al the point {3
g for sttactjpling Ehe ivpriolion m e (Fig. 38.32(bj|.

btme period of penciulum with a7, Adjust the posttion of the aboratory

change in ts ampliude sinnd and the heighl of the clamp
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such that the point of Imtersection. O, of nes AB and MN Bes
excurtly below and very close (o the centre of bob in i1s rest position.
B, Divide ine A through equal divisions of 4 cm each (say) on both sides
of the point ©.
B. Ge hobd the um bob P above the 0, the
G e o B O
EJ'EI J on line AH in elther side of mean posttion (). Also check the
:ngul:r desgacement of the boby on the predrcior attached al the top
of pendulum C. wilh (he climp. Release the bob 20 hal o begins (o
oscillale aboul iis mesn posilion. What s Lhe amplitude of the
ml::lllulln ubem? 1L s the maxtmuam i or B} af
um from fis mean ﬂi:lundqml;lm;nui:ugii 1F'.|:I.1I! the
e ﬂ-l' the simple pendulum = for 0OH ). Measure the
:nrpulmlr and anmuar dispicement amd record hem in observbion
Lkl
1, Chhserve the time fnken for apprectable number of cscilinbions n {say.
10 oscillaiions) with the help of & stop-waich or stop-clock. Record
the lime aken for noscillabions in e obsepsiiion able.
11, Bring the pendulum al rest in Its mean position. [Msplace e
dgulnm Eh o the iwice of the dislance Eiced earlier. Record

the ampitude and angular displacement of the produliom. Repeal
step 10 for recording the Mme taken far 1 number of oscillations.

12, Repeat step 11 for more valies of amplitude (and angular
displcements) and record Lhe Hme taken for n number of oscillations
in each case.

13, Calculate the thme period of the stmple pendubum in each case,
OBseRVATIONS AND CALCULATIONS

(1 Least count of the stop-waich or siop-clock =__ &8
i Diameter of (e pemdalum bolb, o = ___om
1) Redius of the pendulum bob, r=d/2 = ¢m
itv) fLength of the thread + length of hook (fany). I =__cm
iv) Effecttve length of the stmple pendulum. L=+ =__ om
=__m
S Ampithde of  Amglar Mumber of  Thime tuben T period
Na. the pendnbom  displacement oscillstions o n oeclllndions, T=i/n
a [ n i
beni) " =l L1
I 4
4
& 12
4, 16
& i
L8 s
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(GRAFH

Plot a graph between (he ampliiude of the pendulum. @ and Qme perod.
T lor a Mxed effective lengih of the pendulom, L Take a along yaxis and
T alomg x-axis, Smoothly join all the poinis. Atisch the graph with
obeservalions,

Resurts AND DiscussioN i

From ihe obsepvilion Gabie and graph we may infer aboutl the relalion
between the ampliiude of simple pendulum and 1S dme period,

You may discover that for smaller omplitudes fcormesponding to
displacemenls, & < 107, the Ume period I8 Independent of ampliiude.
But for larger amplitudes jor for Lurper angular displacements) the thme
pertisd of e pendulum changes with amplibude.

(Why is the iime perind independent of ampiitude for smaller amplitudes
and nod for langer amplttudes? You will study this in higher classes.)

PRECAUTIONS @;

#  Eflective length and mass of the bob of stmple pendulium mst be kepl
aame for all measuremenis.

*  Thread used most be light. strong and nextensible. An extension i
the thread will increase the effective length of the pendulum. There
should be no kink or bwist in the thread.

# T pendutim support should be rgid, For this take a mboratony stand
with feeivy bunse.

* The splhl corit should be clamped keeping iis lower face hortzninl

+  [During oscillatfons the pendulum should pol touch the edge of the
tabie or the surface below,

#  The bob must be releesed from tls disploced position very pently nnd

withoul a push olherwise 1L may nol move along (he stratght Hne ADL
I case you notioe that (he oscillations are clliptical or the bob is spinntong
or the bob s jumping up and dovn, stop the pendulom and displace
T agmin

= At the place of experiment. no air disinrhbance should be present. Even
all the fns moasi be switched off while recording the observations.

* Counting of oscillations should begin when the bob of the oscillating
penduhin passes s mean posilion.
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NoTte ror THE TEACHER

* T simplly the expertiment, the valies of diameter or radius of
the pendiloam bob and length of hook may be provided (o
siudenis,

= [iis found that the experiment 15 (aking oo much ime, then
the measurements of angminr displacemends may be skipped.

#  Practically (he amplilide may deécrease in éach swing of (he
pendulum with Ume. Thus e pendulium will ol keep on
oscilkiting for 4 long tme, Therefore counting of the mumbssr of
cscllations for measuring the ime Gaken shoulkd be stopped before
ithe amphiude of osciliation becomes (o0 small. 10 s therefore
advised thal number of cscillation (g or which me s noted
shoubd be small (say n= 100

* Alnrge stze protractor con be tmprovised on 2 candboard.

QUESTIGHS

Mscuss how does the tme pertod of a pendulum of fosd length
vary wilth a change in the aniplitude of ascillation?
* Ohserve a simple pendulum swinging with some apprectable
. Does 1is amplitude remain constant? iscoss your
findings after 10 oscillatfons?
#  Two studenis perform this experiment o fwo different conditions,

marmeky (1) i the school tabomony. amd (1) 0 vacuim, respeciively.
Which of the students 15 more kely (0 pet beller resull? Discuss
iL

*  Whai makes a simple pentulum osciilate when i 18 displaced
ami then relessed from s mean posttion?

*  What are the Ewtors. which are responsibibe for the dying oul of
oscillations of & stmple pendulum?

*  What will happen if bobs of pendulum touches the edge of the
inbla?

*  While defermining the ime period of a pendubum wiy do we prefier
o meastire Ume for dbol len osdllallons?

= Chserve Fig. 38 2(0). Locate the positions where the speed of bob
ts minimum and maximum. Also discuss the kinetic and potential
epergies of the pendulum at these poinls.

* Can you Imagne a siiuation in which the time period of @ stimpie
pendulam becomes fnflnle?
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Experiment &

A [@]

Tes study (he variation i tme period of a stmple pendulum with (s kength

—f——r

A stmple pendulum consists of a small object
of heavy mass, called the pendulum bob,
suspended by a Hght thread from a Mxed and
mgd support [Fig. 40.1(a)). When the bob CP
is redeased afer taking ils free end P slightly
1o one side [say to point B, IE begins o oscillnie
abotil s mean pesition O [Fig £0.1{b]]. The
ttme tnken by the pendulum to complote one
nacillation is called iis iime period. The Hme
pertod of 4 stmiple penduhum depends on the
lengih of the simple pendulum. In this
experiment we shall allempt o establish a
relationship between the length of the stmpie
pendulum and i15 Hme perisd.
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MaTeRIALS REQUIRED

A heavy fron stand, a cork (spiit along length through middle), an
inexstensible thread of about 1.5 m lengih, a metallic pendulum bob of

known radins, o stop-waich [or o stop clock], o large size protractor, and o
mater sonle.

PROCEDURE

L:
£

a

2

Find the least count of the given slop-watch (ot stop clock).

Tie one end of an mextensible thread of nearly 1.5 m lengih with a3
pendulum bob and pass the other end of thread through the spitt
cork as shown o Fig. 40 2a).
Ehmpihrmﬁﬂ:m!ytunhmqlrmdmdand]ﬂnmuunnhmm
tnhle. The pendulum must over-hang the table.
Adjust the effective length of the pendulum, L, (o any desired length
fsay | m), The effective length of pendulum s measured from the
patnt of suspenston (Lhe lowest podnt on the spiit eork from which the
bob suspends freely] (o the cepire of mass of the pendulum
mmmmhmﬁasﬂ:mﬁmmul:ume
thast s, length CF in Fig. 40.2{n). The length of the pendulim  can be
incredsed for decreased) by pulling
down for up) the thread through the ﬁr
splil cork after slighily loosening the ox
grip of the clamp. Nole (e length of
the stmple petdulrmn.
Draw two lines oo the surface, one
paradtel to the sdge of tablie (AH) and
oiher perpendicular to i [MN] such
that the fwo intersect @i the point ©
IFig. 40.2(yj.
Adjust the position of (he Iaboratory
stand and the hietghl of the clamp
suich thal the potnt of inlersection, ©,
ol Hines AR and MN lies exacily below
and very close to the centre of bob in é

1

its resd or poesition.
Gently hald the pendulum bob P fust
above the point 0. Keeping the thread
sirefchied, displace the bob o eliher

Fig. 40.2 1 inj A simpde pendufern fieed én
side, say to point X or polnt ¥, along e
bob should be around |0 cm from its period of perndulom amlf a chonge o

mean posilicn so thal the angular ti= hergthr
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1.

displacement does nol exceed 107, Release the bob so that it
begins to oscillate aboui 1ts mean posttion. Also check the angular
displacement of the bob on ihe protractor aitached ol the top of
pendulim C, with the clamgp.

Ohserve the time Inken for appreciable number of cacillations n
(say. 10 oscillotions] with the help of a stop-waich or stop clock.
Record the Ume taken for n osctllofions tn the observalion lable.
Bring the pendulum ai rest in s mean posiiion. Repeat sieps 7
and B for the same length (L) of the pendulum and record the time
taken.

Repeal the activity for dUTerent values of pendulum length in eiiher
ascending or descending order. Record the observations in
observation table,

OBSERVATIONS AND CALCULATIONS

Lenst count of (he sfop-wnich or stop clock
Dinmeler of the pendulum: bots, d

Fadius of the pendulom bob; r=df2
Mumber of osclikfions,. n

(Length of the thread + length of hook, if any) |
Effective length of the simple pendulum. L= 1+ 1

8l. Effective lemplh of the ponduilom Time taken kw  Timne Mean i
No. L= Lengih of {hrend + leoagth of hook n paciliations period.  Ume

pom

o ey -+ raddnes of penduiem bob, ¢ i T=i/n peoud, T

ieml . | i isk W B
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(GRAPH

Flol a graph between the effective lenglh of
pendulinm, L, and square of mesn tme period,
T, inking L along xaxds and T along g-axts.
Draw a line (o jotn afl Lhe ponts marked by o
you with a straight Hne such that mnxdmom o9
number ol poinls les on il (Fig. 40.J). Soine
poinis may nol lie on the straight ine graph p
and muy be on either side of I Extend the
stralght line backwsrds 1o check whether (he
observed graph passes through the arigin. T p—

Flg. 40.3 : Graph belipeen Loand T

Resurrs axp Discussion ?

The graph between (he length of pendulion and Squesre of 105 Dme period

Is & simight ine. This means that the lime period of a simple pendulum 1s
propartienal (o the sguare root of the Tength of the pendubum.

PrecavTions @__;

= Thread used must be thin, Bghit, strong and 1nextensible. An extersion
in the thread will increase the efective length-afl the pendulum. There
should be no kink or twisi tm the thread.

= The pendulum support (Eboratory stand) shooald be rigd,

* The split cork should be clamped keeping its lower fice hortzontal

= During osciifations the pendalum should oot touch the edge of the
tahle or the surfce

The displscement of petdulum bob from ibs mean posiilon st be
sl i

* The bob must be released frm its displaced position very gently ond
without a push otherwise il moy nol move along the simmight ine AB.

In case you noties Lhat the pscilloitons are eiliptical or the bob is
spinning or jumping up and down, stop the pendulum and disploce i
iin

= Al Lthe place of experiment, no air disturbance should presenl. Evenall
ihe Fans mosd be switched off winle recording the ohservations,

*  Counbing of oscillations should begin when the bob of the oscillafing
pendulum passes (s mean position.
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NOTE FOR THE TEACHER

L]

To stmplily the expertment, values of diameler or radins of the
pendulum bob and length of hook may be privided (o stodents.
Practically the amplifude may decrease In epch swing of the
pendulum with ttme. Thus the pendulum will nol keep on
osclnting for o long tme. Thereiore counbinge of the number of
oscillalions for mensuring the bme laken should be stopped belore
the ampliiude of osclllaflon becomes oo small. i s therefore
mdvised thal number of oscillation (n) for which tine is noled
should be sminll {say n= 10

QuEsTIONS

Befine mean pesition of 3 simple pendulum

The amphtixie of an oscillating pendulum keeps on decreastng
with me. Suggest the factors responsible for-{f.

When yuu displace i peEnduiam form i mean position and then
relesse, I exemies to-and-Iro motion. Why doss 3 happen?
Discass 1f with vour friemds and [eacher.

Which pendulum will oscillate for o longer period of tme - the
one which 1s pscillting in air or the one which 1s osciliniing in
vacuum?

What will happen i bob of pendulum ouches the edge of the
Ealibe?

Why should the ampliiude be small for simple pendulum
experiment?

While deiermining Lhe time period of a pendulum, why do we
prefer (o measure (ime for about len oscillations?

Dbserve Fig. 40.2(b). Decide the positions where the speed of bob
Is mimmum and meedmm. Also discuss the kinetic and polendial
ecnergles of the pendulum of these poinis?

Would the measurements of Ume period of pendobiom be most
accurale with a long or short (hread?

Whal will be the shape of the graph plotied between the total
length, (L} and Hme period (T) of o pendulum?

Can you Imagine a situalion in which Uhe Gme period of a stmple
pendulum becomes infnite?




