CHAPTER
9 FRIC'I_'ION

o1 might have seen a driver of a

car or a truck slowing down the

vehicle at a traffic signal. You. too,
slow doewn your bleyecle whenever
needed by applyving brakes. Have you
ever thought why a vehicle slows
down when brakes are applied? Not
only vehicles. any object, moving over
the surface of another object slows
down when no external lorce Is
appled on {1, Finally It stops. Have
vou not seen a moving ball on the
ground stopping alter some tlme?
Why do we slip when we step on a
banana peel (Fig. 9.1)? Why 1is it
difficult to walk on a smoeth and

Fig.9.1: A boy falls downwhen he steps ona
branoana peet

You will find the answers to such
questions in this chapter.




You saw that if you apply the force
along the lefi, friction acts along the
right. Il you apply the force along the
right, the friction acts along the left
direction. In both cases the force opposes
the motion of the book. The force of
friction always opposes the applied force.

In the above activity. the force of
friction acts between the surface of the
book and the surface of the table.

Is the friction the same for all the
surtaces? Does It depend on the
smoothness ol the surfaces? Let us {ind
oul.

9.2 Factors affecting Friction

Activity 9.2
Tie a string around a brick. Pull the
brick by a spring balance (Fig, 9.9).
You need to apply some force, Nutq
down the reading on the spring
balance when the brick jus
begins lo move, It give
measure of the force of :
between the Burfﬂmmf the brick
and the lloor.

Fig.9.9: .ﬂ-mmm:gp;_ﬁ:dwm,
balance '

anwr@ngpccnfpa!ytheﬂe
around the brick and repeat the
acuvity, Do you observe any
difference in the readings of the
spdnghnjmemmemms
cases? What might be the reason

for this difference? Repeat this

muﬂtybvwmmhzgapmﬂfjum
bagarmmﬁ the brick, What do you

Spring Balance

Spring balance s a device used for
measuring the force acting on an
object. It consists of a ceiled spring
whilch gets stretched when a force is
applied to It. Stretching of the spring
Is measured by a polnter moving on
a graduated scale, The reading on'the
scale gives the magnitude of the force,

Activity 9.3

Make an mclined plane on a smoeth
fioor, or'on a table. You may use a
woeden board supported by bricks,
or books. |Fig. 9.4 (a)]. Put a mark
with a pen af any polat A on the
tuﬁlumdﬂmﬂuwlei apem:llneﬂ

does tt move tm the tahlu helore
coming to rest? Note down the
distance, Now spread a plece of cloth
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over the table. Make sure that there
mnwﬂn&mmmmwm

actvity again [Fig. 9.4 (b]].

Eelmlﬂdsmﬁmﬁ?;wrmding.
a thin layer ofisand over the
table. Maltntaln the same slope

Inwhich case is the distance covered
the minimum? Why is the distance
covered by the pencil cell dillerent every
time. Try to reason why? Discuss the
result.

Does the distance covered depend on
the nature of the surtace on which the
cell moves?

Could the smoothness of the surface
of the cell also atfect the distance
travelled by {{?

I shall try the activity: "&
by wrapping a plece of %

sandpaper aronnd
the cell

Friction 1is caused by the
rregularitles on the two surfaces In
contact. Even those surfaces which
appear very smooth have a large number
of minute Irregulariiles on them
(Flg. 9.5). lrregularities on the two
surfaces lock into one another. When
we attempt to move any surface, we have
to apply a lorce to overcome interlocking.
On rough surfaces, there are a larger
mimber of regularities, So Lthe lorce of
friction 1s greater U a rough surface
Is involved.

Sirface o ook

Surface i nlle

Fig. 9.5 : Surfuce freyilarities

14

SciENeE

. § A el



We see that the friction Is caused by
the interlocking of trregularities in the
two surfaces, It is obvious that the force
of friction will Increase If the two
surfaces are pressed harder, You can
experience il by dragying a mat when
nobody 1s sitting on it. and when a
preson s sitting on 1L,

Fig. 8.6 : Youhove to puish on the box to keep it
THEH AT

Recall your experience when last ime
you moved a heavy box from one place
to anocther (Fig. 9.6). f you have no such
experience. get that experience now.
What is easler — to move the box from
rest, or to move it when It 1s already In
motion?

The force required to overcome
friction at the instant an object starts
moving from rest is a measure of slatlc
friction. On the other hand. the lorce
required to keep the object moving with
the same speed Is a measure of sliding
friction.

When the box starts sliding, the
contact points on its surface, do not get
enough time to lock tnto the contact
points on the {loor. So, the sliding
friction Is slightly smaller than the static

friction and you lind it somewhal easter
to move the box already in motion than
Lo get it started.

9.3 Friction : A Necessary
Ewvil

Recall now some of your experiences. Is
it easter (o hold a kulthar (earthen pot)
or a glass tumbler? Suppose Lhe outer
surface of the tumbler is greasy. or has
a thin laver of coeking oil on it; would 1t
become easler or more difficult to hold
1t? Just think : would it be possthble to
hold the glass at all If there 1s no
[riction?

Recall also how difficult it is to move
on a wet muddy track, or wel marble
floor. Can you imagine being able to walk
at all if there were no friction?

You could not write with pen or
pencil If there were no iction. When
your teacher is writing with chalk on
the blackboard, Its rough surface rubs
ofl some chalk particles which stick lo

Fig. 8.7: A ngil is [beed in the wall due 1o

riction
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the black board. Could it happen if there
were no [riction between the chalk and
the board?

IT an object started moving, it would
never stop il there were no Iriction. Had
there been no ffiction between the tyres
of the automoblles and the road. they
could not be started or stopped or
turned to change the direction of
motion. You could not fix a nall on the
wall {F1g. 9.7) or tie a knot. Without
friction no bullding could be constructed.

Fig. 9.8 : Sules of shoes wearoul due
Lo frchan

On the other hand, [riction Is an evil,
too. It wears out the materials whether
they are screws, ball bearings or soles
of shoes (Fig. 9.8). You must have seen
worn-out steps of fool over-bridges al
rallway stations.

Frictlon can also produce heat.
Vigorously rub your palms together for
a few minutes (Fig. 9.9). How do you
leel? When you sirtke a matchstick
agalnst the rough surface, It catches [ire
(F1g. 9.10).

You might have observed that the jar
of a mixer becomes hot when Il Is mn

Fig. 9.9 : Rubbing of your pabms makes yott
e trm

for a few mimutes. You can cite various
other examples In which f{rictlon

Fig. 9.10: Stricking a malchsiick produces fire
by friction

produces heat. In [act, when a machine

is operated, heat generated causes much

waslage of energy. We shall discuss the

ways of minimising [rictlon in the

following section.
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9.4 Increasing and Reducing
Friction

As you have seen in the previous section,
Iriclion |s desirable in some sltnations.

Have you ever thought why the sole
of your shoe is grooved [Fig. 9.11 (a]]? It
is done to provide the shoes betler grip
on the floor, so that you can move safely.
Similarly, the treaded tyres of cars, trucks
and bulldozers provide belter grip with
the ground.

faj fhi

Fig. 8.11; [ Soles of shoes and (b) tyres are

{readed o incrense friclion

We deliberately Increase [riction by
using brake pads in the brake system
of bicyeles and automobtles. When vou
are riding a bicycle. the brake pads do
not touch the wheels. But when you
press the brake lever, these pads arrest
the motion of the rim due to friction.
The wheel stops moving. You might have
seen thal kabaddi players rub thelr
hands with soil for a better grip of their
opponents, Gymnasts apply some coarse
substance on thelr hands to Increase
friction lor hetter grip,

In some situalions, however, {riction

1s undestrable and we would want to

minimise It.

‘Why do you sprinkle line powder on
the carrom board (Fig. 9.12)? You might
have noticed that when a few drops of
oll are poured on the hinges of a door,
the door moves smoothly. A bicycle and
a motor mechanic uses grease between
the moving parts of these machines. In
all the above cases. we want to reduce

Fig. 9.12:

Povetder &5 sprimkiled on the carmorm
piTel o reduces friction

friction In order to inerease efliciency.
When oll. grease or graphite is applied
between the moving part of a machine,
a thin layer s formed there and moving
suriaces do not directly rub against each
other [Fig. 9.13). Interlocking of
trregularities is avolded to a great extent.
Movement becomes smooth. The
substances which reduce frction are
called lubricants. In some machines, i
may not be advisable to use oll as
lubricant. An alr cushion between the
moving parts is used fo reduce friction.

Surfinee 2

Suriace |

Fig. 9.13 : Action of hebricarni
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Can we reduce friction to
‘2ero by pnllsl'ungmufnm

or using large amount of
lubricants?

>

Friction can never be
entirely eleminated. No
surface is perfectly smooth.
Some irregularities are
always thiere.

9.5 Wheels Reduce Friction

You must have seen attaches and other
pleces of luggage fitted with rollers. Even
a child can pull such pleces of luggade
(Fig. 9.14). Why is il so? Let us
find out.

Fig. 9.14 : Rolfing redices friction

Activity 9.4

Take a lew pencils which are
cylindrical i shape. Place them
parallel to each other vn a lable,
Place a thick book over it
{1 9.15), Now push the book. You
observe the penells rolling as the
book moves. Do you feel it easler to
move the book (1 this way than to.
slide 17 Do you think that
resistance to the motion of the book
has been reduced? Have yun seen
p!as:mg!uﬁ uuderit? j _

/ ;}&Em + Motion of the bookon rollers

When one body rolls over the surlace
of another body. the resistance to Its
motion is called rolling friction. Rolling
reduces friction. Il 1s always easler (o
roll than to sitde a body over anather.
That Is the reason Il Is convenlent to
pull luggage fitted with rollers. Can you
now understand why the wheel is said
to be one of the greatest nveritions of
mankingdg?

Since the rolling friction is smaller
than the sliding friction. sliding Is
replaced In most machines by rolling
by the use of ball bearings. Common
examples are the use of ball bearings
between hubs and the axdes ol cetling
lans and blcycles (Fig. 9.16).
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Fig. 9.16 : Ball beanings reduce friclion

9.6 Fluid Friction

You know that alr Is very light and thin.
Yet Il exerts friclonal lorce on objects
moving through {t. Similarly, water and
other lquids exert [oree of [riction when
objects move through them, In Sclence,
the common name of gases and liguids

Is fluids. So we can say that flulds exert

force of friction on objects in motion
through them.

The [Hctional force exerted by flulds
s also called drag.

The fricttonal lorce on an object In a
flutd depends on its speed with respect
to the fluld. The frictional [orce also
depends on the shape of the object and
the nature of the flutd.

It is obvious that when objects
move through flulds, they have to
overcome {riction acting on them. In
this process they lose energy. Ellorts
are, therefore, made to minimise
friction. So. objects are given special

shapes, Where do you think sclentists

get hints for these special shapes?
From nature, of course. Birds and
fishes have (o move about in flutds
all the time. Their bodles must have
evolved to shapes which would make
them lose less energy in overcoming
friction. Look carefully at the shape
of an aeroplane (Fig. 9.17). Do you
find any similarity In iis shape and
that of a bird? In fact. all vehicles are
designed to have shapes which reduce
flutd frietion.

Fig. 8.17 : Similarify in shapes of an aeroplane and a bird
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= Friction depends on the nature of surfaces in
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4,

Fi iy Uhe Blianks,

fal  Fricilon epposes e between the surfaces i eonlaed
with earh olher.

ib]  Friction depenids on he of suriares.

(¢l Friclon produces

fd) Sprinklng of powder on the carmom board Iriction.

el Slding friciton 1s than the static fifetion,

Four chilldren were asked Lo arrange fomees due W rolling, statie and sl
fricttons in 2 decreasing order. Their armngements are ghven below.
Choose (he coeel armngement.

fa] rolliig, sialie, slidipg
() rolling, aliding, static
el siabe, shding, rolling
[l slacdiegn staine. rolling

Aldda runs ber Loy ear on diy narble foor, wed marble Hoor, newspaper
apdd towel spread on the loor. The I_‘EITI."‘[‘.{JT iriction acting on the car on
dliferent surfaces ininersasing order will e

(a)  wet marble Soor, dey marble foor, newspaper and towel.
) newspraper, towed, dry marbie oo, wet marble Goor.,
je)  lowwl. newspaper, dovmarble Ooor, wei marble Qoo
() wel marbile doar, drymarble Door, lowel, newspaper

Suppose your wriltng desk ts (lled 2 itlle. A book kepl an it starts shiding
down. Show the directior ol ncttonal loree acting on 1i.

5. You spil abucksl ol scapy waler on a marble Door acetdently. Woald 1t

miake 1l efistor or more dfiimll for you lo walk on the Qoor? Why?
Expliin why sportsmes: use shioes will spikes,

fbal has to push o Bghter box and Seemit bias (o push 3 similar hewvier
box on Lhe same: Noor: Who will bave to apply a Birger [oree and whv?

Explaln why sllding iriclton s less LHan statie iretlors
Givie excimples o siow (hat fictian s oll o tiedd o g o,
Explaln why objeets meving tn Oukds must have speela) shapes,




Extended Learning — Activities and Projects

L.

What roie does fricton play in the sport of your choter? Colleci
some pletures ol Lhat sport I acllon where Inetion is elther
supporting il or opposing (L Display Lhese pletures with proper
cuptioms on the bulletin board of your clssrosm,

Imagine that IAction suddenty venishes. How wold Jile De aliecied,
List len such stluations,

Visil a sl which sells sports shoes, Observe Lhe soles ol shoes
meant forvanons sporis: [Disoribe your ohseTvallons,

Aoy to play with:

Take an empty match box. Take gut its tray, Cul avsed relil of a hall
peit ol the same widlh as the tray as shown 1o the Ogare below: Fix
Che refil with twe ptos on the lop of the tray as shown in Fig. 9,08,
Make (wo hioles on the oppostie sides of the Lray. Make sune that the
holes are large enongh to allow a thread (o pass through them easlly.
Take d rrvsud aboudl @4 melne long amd pass 1 ool ihe lioles s
shown. Fix beads al e lwo ends of the thread so that 1 does ol
comi gul. Insen the tmy m the outer cove ol the maiehibox.

Suspend the match box by the thread. Leave the thread Ioose.
Thie meleh box will starl lalllng down due Lo gravily, Tighten Ue
thread now and observe whal happens.

I=xplam your obsermtion: Canyoinmeiate il to Ectons?

o |8

-
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Fig. 9.18

Yo can read more on the related topie on ke lellowing wielisiies
L] hitp: / fwww. school-lor-champtons.com/science / friction. him
¢ htip/ /hyperphvsics. phy=astrgsuedu//hbase /fAiret 2. hitml
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