FRICTION

SYNOPSIS
FRICTION AND FRICTIONAL FORCES:

FRICTION : The property by virtue of which
an opposing force is generated between two
rough surfaces in contact with each other and
which opposes the sliding of one surface over
the other is known as friction.

FRICTIONAL FORCE : The force which
opposes the sliding or relative motion of two
bodies in contact with each other, is called
frictional force. Frictional force some times may
be in the direction of motion ofthe body

EX: 1. If you are walking due east frictional
force is due east only

2. Engine is connected rear wheels of a car.
‘When the car is accelerated, direction offrictional
force on the rear wheels will be in the direction
of motion and on the front wheels in the opposite
direction of motion

TYPES OF FRICTIONAL FORCE
AND THEIR DEFINITION

There are three types of frictional forces

1. Static friction

ii. Dynamic friction

iii. Rolling friction

STATIC FRICTION : The frictional force,
which is effective before motion starts between
two surfaces in contact with each other, is known
as static friction

Note : 1. Static frictional forceis a self adjusting one

2. The maximum frictional force when the body
isready to startis called limiting frictional force

LAWS OF FRICTION :

Friction opposes relative motion between two
surfaces in contact and is always tangential to
the surface of contact.

Friction depends on the nature of the two sur-
faces in contacti.e., nature of materials, sur-
face finish etc.

Friction is independent of the area of contact
between the two surfaces

Friction is directly proportional to the normal
reaction acting on the body.

FoR = F=puR

Where p = coefficient of friction

F

Coefficient of static friction (us) = ?

Coefficient of static friction (i) depends on the
nature of the two surfaces in contact and is
independent of area of the contacting surfaces.

Fe

R

Coefficient of kinetic friction (p, ) is indepen-

Coefficient of kinetic friction (uk) =

dent of'velocity.

F
Coefticient of rolling friction ( uR) = ?K

Rolling friction depends on area of the
surfaces

Note : pe>p > py

NORMAL REACTION (R):

When abody rests on another, the force acting

o DYNAMIC OR KINETIC FRICTION : on the bottom surface of the body is called the
The fnctl'onal force, Wthh is effective When t‘,NO normal reaction. This is always perpendicular
surches in contact with each other are in relative to the surface.
motion with respect to each other, is known as . .
dynamic friction, ®  When the body lies on a horizontal surface

® ROLLING FRICTION : The frictional force, R=W=mg
which is effective when a body rolls orrotates || ® ~ Whenthebodylies onan inclined surface
ona surface is known as rolling friction. R =W cosb =mg cosb.

Itis due to deformation at the point of contact. Normal force always gives rise to frictional force in
the direction opposite to the tendency of motion.
. ®  Theangle between the normal reaction R and
I 5 the resultant of F and R is called the angle of
§ | i g State of motion ﬁ-iction

% : é E ® If 0 is angle of friction and u is the coefficient

é I;E £ of friction then p= Tan0
5 C —  Duling force ®  Whenabody is moving on arough inclined plane
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which makes an angle 6 with the horizontal the
frictional force actingonit is
F=p, mgcosd
MOTION OF ABODY DOWN THE
ROUGH INCLINED PLANE:
Let a body of mass m be sliding down arough
inclined plane of angle of inclination © and coeffi-

cient of kinetic friction Hy -

Normal reaction R =mgcos 0

Frictional force f |~ H,_mg cos 0 (up the plane)
Net force down the plane

F= mg (sin6 —p, cos0)

Acceleration down the plane

a=g(sinf —p, cos0)

This is independent of the mass of the body
Minimum force required to prevent the body
slidingdown

=mg (sinf — p, cosO) (in the direction up the
plane)

Ifthe body starts fromrest from the top of the
inclined plane oflength ;, time taken to reach
the bottom of'the plane

21
t= g(sin 6 —p,cos 0)

Velocity of the body at the bottom of'the plane.

V= \/2g1 (sin@ - y, cos®)

Work done against the frictional force
= p, mglcos6

Network done on the body

= mgl (sin6 —, cos)

= Gain in the K.E. of'the body

MOTION OFABODY DOWN THE IN

CLINED PLANE UNDER DIFFERENT

CONDITIONS
ANGLE OF REPOSE (o) : Angle ofrepose
is the minimum angle of the rough inclined plane
for which body placed onitmay juststart slid-
ingdown.
Let 6 be the angle ofinclination of a rough in-
clined plane a be the angle of repose, m be the
mass of the body and
pwbe the coefficient of friction.
If 0 <a, the body is atrest on the plane.
Frictional force =mg sina (Self adjusting force)
If6=a, the body justtends to slide down the plane

Frictional force =mg sinf=p mgcosd
If 6>a, the body slides down with acceleration

Frictional force = p, mgcos0

MOTION OF ABODY UPTHE INCLINED
PLANE

When abody is just dragged upwards along a
inclined plane then

® acceleration a=—g(sinf + i, cos6)

21
g (sinf + u, cosd)

®Time of travel t = \/

® Work done by the driving force

W= (mgsind + p,_mgcosO)L

® Force required to drag with an acceleration
‘a’ is F=p,_mgcos® +mg sinb +ma

SMOOTH INCLINED PLANE

Whenabodyisslidingdown a smooth inclined plane
1. a=gsinf 2. v=u+gsinOt

3. s=ut+%gsin 0 4.v>=u’+2gsinO.s
When abody is moving up a smooth inclined
plane

1. a=—gsinO
3.s=ut—Y%gsindt?

2. v=u-gsinbt

4.V =u’- 2gsin 6.s

MOTION ONAHORIZONTAL ROUGH SURFACE

When abody of mass m on a horizontal rough
surface is pulled or pushed with a horizontal
force F,

®  [fthe body does not move, the frictional force is
equal to the applied force in backward direction.
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®  [fthe body is about to move. Then the ® A block isplaced on atruck moving along the
Friction force = p R=p mg horizontal with an acceleration ‘a’. Then accel-
. s s eration of the block is a’=a—ug in the back-
®  Ifthe applied force f>p mg, the body moves ward direction
forward. ®  Achain oflength Lisplaced onrough table
Then the frictional force =u_mg such that minimum length ‘I’ is hanging over the
K : e
The body moves forward with an acceleration edge.so that the chain dpesn t slip off. Thep
fractional length hanging over the edge is
a= F-p mg 1 _ K
m L u+l
® Ifaminimum force, required to move the ®  [nadeath well of radius ‘r’ amotor cyclist is
body is applied and itis further continued, moving on the wall in a circular path. Then the
the body moves with an acceleration. a= 7
(1, — 1 )g safe minimum speed v, then v= \/;
S
® A block ofmassmis pressed against a wall
PULLING/PUSHING A BODY : without falling, by applying minimum horizontal
If a body is pulled at an angle 6 (greater
. . . mg
than angle of friction o) with the horizon- force F. Then F= —
tal then the minimum force required is _ # _
' ®  Ablockis pressed between two hands with-
F= Hmg _ _ng sma out falling, by applying minimum horizontal
cos@+ u, sind  cos(0-a) mg
Similarly, in pushing a body the minimum force “F” by each hand. Then F= E
force required is ® A block isplaced against the vertical side of a
e L mg mg sin & truck moving along the horizontal, with an ac-
cos@—p  sinf 0+ g
a cos (6 +a) celeration ‘a’ without falling. Then a= ;
APPLICATION OF FRICTIONAL FORCE.: ® Ablock placed on the top of an incline just comes
Let us suppose that a car is running with a torest atthe bottom. If 121th ofthe length of
velocity ‘u’. Ifits engine is stopped then the incline isTough thenu—ntap@. )
® Car stops due to friction ®  Abodyreleased on a rough incline to reach
o P _ the bottom takes time, ‘n’ times taken by it
®  Frictional force onthe tyres of caris F=p,_mg when it isreleased on the top of the same incline
when itis smooth. Ifangle of the incline is © then
®  Acceleration ofthe cara= e 1
pu = tan6 1-n_2
u
® Time taken to come torest t= ®  Number of blocks of'identical masses m each
He& are placed one above the other. Force required
to pull outnth block fromthe top is
{ Distance travelled before coming to rest F=(2N-1) umg
R ®  Aninsectis crawling in ahemispherical bowl of ra-
g = u dius ‘r’. Maximum heightupto which it can crawl is
2ug 1
®  Incase ofacartaking a turn of radius ‘r’ ona h=r (1 " cos gj
horizontal level road, safe maximum speed is Maximum angular displacement upto which it
Vo =/ H,&r and maximum angular velocity is can crawl is °0”. Then p=tan0.
Wmax = V usg/r *
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ADVANTAGE OF FRICTION : 2. Frictional force between two bodies
®  Friction plays animportant role in our daily 1. Adds the motion between the bodies
life. While walking friction between the 2. Destroys the relative motion between the
ground and shoes prevent us from slipping bodies
®  Without friction motion cannot be con- 3. Sometimes helps and sometimes opposes
veyed by belts from motor to machine the motion
®  Vehicles will not come to rest even if the 4. Increases the relative velocity between the
brakes are applied when there is no fric- bodies ) )
tion between tyres and the road. 3. A gqod lubricant should be highly _
®  When thereisno friction knots cannot be tied. 1. Viscous 2. Non-volatile
®  Nails and screws do not hold the boards to- 3 BOth, , 4. Transpare.:nt
. . 4.  Theoretically which ofthe following are best
gether without friction. .
lubricants
DISADVANTAGES OF FRICTION : i’ i(l’ll s 2.Liquids 3. Gases
L . . the above.
®  Friction causes wear and tear of moving parts 5. Whenamoving body is suddenly stopped
ij[h? machinery. ] ] ] 1. Frictional force increases
®  Friction generates heatin machine parts which 2. Roughness is found on the road
damages the machinery. 3. Tyres of the vehicles burst
4. The frictional force reduces to zero as it
METHODS OF REDUCING FRICTION : isa self adjusting force
®  POLISHING : Friction can be reduced by 6. A block ‘B’ rests on ‘A’. A rests on a
making the surface in contact polished and horizontal surface ‘C’ which is frictionless. There
smooth. This will remove the irregularities ofthe is friction between A and B. If ‘B’ is pulled to
surfaces thereby breaking the inter—locking. the right
®  LUBRICANTS : Friction can be reduced by 1. B moves forward and A to the left
using lubricating materials such as grease, oil or 2. ‘B’ only moves to the left
graphite on the surfaces. Friction can be re- 3. ‘B’ does notmove
duced by introducing a layer of gases between 4. ‘A’ and ‘B’move together to the right
sliding surfaces. Lubricants should havelow || 7.  Sand isdustedtotherailway tracks duringrainy
density, high viscosity and they should be non season to
volatile. 1. Make italways wet
® BALL BEARINGS: By using ball and roller 2. Increase friction .
bearings, the sliding friction is converted into 3.To red.uce consumption of fuel
rolling friction, thereby the friction is reduced. 4. Make italways dry o
® STREAMLINING Automobiles and 8. H an external force and the frictional fo.rce. act-
. . ing on abody cancel each other the frictional
aeroplanes are streamlined to reduce the friction foreeis
due to air. . - C -
NOTE: Polishing the s.ur.faces to higher degree ; IS{?;‘EngE:; i?;? i IS\}fr}rI;lgalﬁ;l ec:cglilon
Ieads fo increase of friction. 9. TItiseasierto pullalawnroller than to push it
because pulling
CONCEPTUAL_ QUESTIONS 1. Involves sliding friction
1.  To keep a particle moving with constant ve- 2. Involves dry friction
locity on a frictionless surface, an external 3. Increases the effective weight
force 4. Decreases normal reaction
1. should act continuously 10.  Withincrease of temperature, the frictional force
2 should be a variable force acting between two surfaces
3. not necessary L. Incregses 2. Decreases
4. should act opposite to the direction of motion 3. Remains same
4. May increase or decrease
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11. Ifweimagine ideally smooth surfaces and if truck is . The minimum acceleration with which
they are kept in contact, the frictional force the truck should travel so that the body does
acting between them is not fall down is
1. Zero 2. Afinite value butnotzero . u/g 2. ug 3.g/n 4 p’g
3. Very large 4. We can’t predict 20. A block of mass M slides down a rough

12. Ifmaniswalking, direction of friction is inclined plane of height h through a slope
1. Opposite to direction of motion distances. If F be the force of friction then ki-
2. Same as that of direction of motion netic energy at the bottom will be
3. Perpendicular to that of direction of motion 1. Mgh 2. MgS
4. 45°to the direction of motion 3. Mgh+FS 4. Mgh —FS

13. A highpressure tyre rolls more easily thanalow || 21. A body of mass M is placed on arough inclined
pressure tyre because plane of inclination © and coefficient friction p,.
1. Friction is less in high inflated tyre Af ¢ Ot 0); lied i
2. Friction is more in high inflated tyre oree (mg sm. Ky mg cosO) Is a.pp e n
3. Friction is zero in hieh pressure tvre the upward direction, the acceleration of the

ghp ty .
4. Produces force in the forward direction bodyis

14.  The limiting friction between two surfaces does 1. gsin® 2. g(sin 0+, cosb)
not depend 2. g(sin@—p, cos®) 4. Zero
1. onthe nature of two surfaces 22.  While walking on ice one should take small
2. onnormal reaction steps to avoid slipping. This is because smaller
3. on the weight of the body steps ensure
4. on volume ofthe body 1. larger friction 2. smaller friction

15.  Aeroplanes are streamlined to reduce 3. larger normal force 4. smaller normal force
1. fluid friction 2. sliding friction 23. Inorder to stop acar inshortest distance on
3. kinetic friction 4. limiting friction a horizontal road, one should

16. Anaircraft of mass ‘m’ travels through a dis- 1. apply the brakes very hard so that the wheels
tance ‘s’ on a run way having a coefficient of stop rotating
friction ‘u’ takes off with avelocity ‘v’ in ‘t’ 2. apply the brakes hard enough to just prevent
sec. The average power of aircraft is slipping
1. % mv? 2. Y% mv: /t 3. pump the brakes (press and release)

3. (w, mgs+ % mv?)/t 4. (mgs+ % mv2)/t 4. shut the engine off and not.applybrakes

17.  Themaximum speed of a car onacurved path of 24. A body rests. on a rough horl.zontal plane. A

o . . . force is applied to the body directed towards
radius ‘r” and the coefficient of friction p is the plane at an angle 0 with the vertical. The
body can be moved along the plane
1. v= Hi 2.v=alu,gr 1. onlyif© is greater than the angle of friction
gr 2. onlyif© is greater than the angle of friction
3. onlyif 0 is equal to the angle of friction
3 v= \/g_T 4 V= ! 4. forall values of 0
Hy M gr

18. A lift ismoving down with an acceleration equal KEY
to the acceleration due gravity. A body of mass
M kept on the floor of the liftis pulled horizon- 1. 3 2.3 3.3 4.3
tally. Ifthe coefficient of friction is p, then the 5.4 6.4 7.2 8.3
frictional resistance offered by the body is 9 4 10.2 1 12.2
L.y Mg 2.Mg 3. Zero 4. p Mg’ 13.1 14.4 15. 16.3

19. A body s struck to the front part of the truck 17.2 18.3 19.3 20.4
The coefficient of friction between the body and 21.4 22.3 23.2 24.1
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HINTS 7. A booksits onhorizontal top ofa car as the
18.  For freely falling body g=0 car accelerates horizontally fromrest. If the static
coefficient of friction between car top and the
gpma=mg book is 0.45, the maximum acceleration the
— ma car can have for the book not to slip is
B ! 1. 3.92 ms™ 2. 441 ms?
mg ) -2
3. 49 ms 4. 9.8 ms
20. PE. =_KE +tf: 8.  The coefficient of friction between acar’s wheels
IE'E'IZP'E'_ and aroadway is 0.5. The least distance in
—me p_— tis which the car can accelerate from restto a
21, 8= ccmmeee speed of 72 kmph is g=10 ms’z)
M 1. 10m 2.20m 3. 30m 4.40m
(mgsind+ i, mg cosd) —mg (sind + ,_mg cosd) 9. Acar of mass 1000kg moving with avelocity
of 10ms ™! is acted upon by a forward force of
LEVEL-=1 1000 N due to engine and retarding force of
500N due to friction. Its velocity after 10sis
MOTION OFABODY ON THE 1. 10ms™ 2.15ms™
HORIZONTAL SURFACE 3. 25 ms™! 4. 20 ms™!

1. Brakes are applied to acar moving with dis- || 10. A body of mass 2kg is placed ona horizontal
engag@d‘engme, brmgmg it to ahalt after 2s. surface having coefficient ofkinetic friction 0.4 and
What is its velocity at the moment when the coefficient ofstatic friction 0.5. Ifahorizontal force
breaks are applied if the coefficient of friction of2.5N isapplied on the body, the frictional force
between the road and the tyres is 0.4? - he bodv will be (e= 10 ms2

O 0 acting on the body will be (g=10ms™)
1.3.92ms 2. 7.84ms 1. 8N 210N 320N 425N
3. 11.2ms™! 4.19.6ms™ 11. In theabove problem, the minimum force re-

2. A carrunning with avelocity 72 kmph on a level quired to slide the body is
road, is stopped after travellinga distance of 1. 8N 2. 10N 320N 4.25N
30mafter disengaging its engine (g=10ms ). 12.  Intheabove problem, during the sliding motion
The coefficient friction between the road and of the body the frictional force is
the tyres is 1. 8N 2. 10N 320N 4. 25N
1. 033 2.45 3. 0.67 4. 0.8 13.  In theabove problem the position of the body is

3. Iftheabove car got astopping distance of 80m 1. rest 2. moving with uniform velocity
on cement road then My is (g=10 m/sec?) 3. acclerated motion 4. we cannot say
1. 02 2.025 3.03 4. 035 14. Inthe gbove problem, if force.app.lied on the

4. Abody of mass6kg. is inuniform motion along body is 10N, then its acceleration is
astraight line when a force of 12N is acting on 1. 5ms? 2.4ms? 3. Ims? 4. 0.5ms >
it. Ifg=10ms2, the frictional force acting on 15. Inthe above problem if force applidis 9N its
the body, is acceleration in ms ™ is
6N 2. 12N3. I8N 4. 24N 1.4.5 204 3.025 4. Zero

5. Inthe aboxlfle pr.oblem the coefficient of friction 16. A knife withsharp edge is more effective than
between them is a blunt knife because
1.-0.01 2. 02 3.03 4 Zero 1. the pressure increases due to decrease in

6. A force of 12 N acts on a body of mass 4kg

) . - surface of contact

resting on arough surface (coefficient of friction . .

. B 5 . 2.the force increases due to decrease in sur-

15 0.2, g=10ms ) The acceleration of the £

) . ace of contact

body inms™is 3. its velocity ratio decreases

L1 2.05 3.025 4. Zero 4. it gets blunt dueto long use
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17. Brakes stop atrainin certain distance. When the velocity with which the train can travel is
breaking force is made one fourth, the brakes 1. 40 kmph 2.60 kmph
will stop the train in a distance which is now 3. 80 kmph 4.100 kmph .
1. same 2. four times 27.  Whatis the smallest radius of acircle at which
3. double 4. half a bicyclist can travel if his speed 7m/sec and
18. A body of mass 2kg is slipping on a frictionless the C(;lefﬁment‘ofstatlr(): friction between the tyres
horizontal table with a velocity of 4 m/s. The ellndlto eroad ;S é) (')2 > 35 415
necessary force in newton to keep the body - vm <m0 m > m
moving with the same velocity will be
| Zero 2.8 3.0.50 4900 MOTION OF A BODIXJ gNNETHE INCLINED
19. The force applied on a quy OI} a rough SUr- 1 28, The angle of inclination of an inclined planeis 60°.
face produces an acceleration ‘a’. If coefficient Coefficient of friction between 10kg body on it
of friction between the body and the surface is and its surface is0.2, g= 10 ms 2. The accelera-
reduced to /3, the acceleration increases by 2 tion ofthe bod d(;v:rn the plane ir‘l ms2is
units. The value ofyis L5667 2 666 3766 47ero
1.2/3g 2 328 . 3.3/ . 4'1./ & 29. Intheabove problem the resultant force on the
20. The coefficients of static and dynamic friction body is
are 0.7 and 0.4. The minimum force required to 1 Sy 6.6 N 2 66.6 N
create motion is applied on a body and if it is 3 767N 4 866N
further continued, the acceleration attaineddby || 30, [ the above problem, the frictional force on the
the body in ms 2 is body is
1.7 2.4 3.3 4. Zero 1. Zero 25N 375N 410N
21. The coefficient of static friction between con- 31. Intheabove problem, the minimum force re-
tact surfaces of two bodies is 1. The contact quired to pull the body up the inclined plane
surfaces of one body support the other till the 1. 66.6 N 2. 86.6 N
inclination is less than 3. 96.6 N 4. 76.6 N
1. 30° 2. 45° 3.60° 4. 90° 32.  Inthe above problem, if the length of the in-
22.  Abook of weight 20N is pressed between two clined plane 10m then the work done to pull it
hands and each hand exerts a force of 40N. If to the top is
the book just starts to slide down. Coefficient 1. 666j] ,2',766 Jo3 ‘8,66;_[ 4. 9667
of friction is 33.  Abodyis sliding down an inclined plane form-
1. 025 2 02 305 4.01 ing an angle 30° with the horizontal. Ifthe coef-
e o Lo L . ficient of friction is 0.3, then acceleration of the
23. A 50kg sphere is projected vertically up with body is
a speed of 200 ms!. It rises toa height of 1. 1.25 ms2 2 235ms >
1500m. The energy used up in overcoming 3 3' 4 ms? 4 4' 9 ms?
friction is 5 5 34. Intheabove problemits velocity after 3 sec-
1. 2.65x107J 2. 5.6x107J onds in ms2 is
3.201J 4. Zero
o . . 1. 705 2. 147 3.294 4. Zero
24 Anerase.r weighing 2N is pressed against the blgck 35. Inthe above problem its displacement after 3
board with a force of SN. The coefficient of friction seconds is
is 0.4. How much force parallel to the black board 1. 78.4m 2.44.15m 3.10.575m 4.Zero
isrequired toslide the eraser upwards? 36. It is found thata body onan inclined plane just
1.L2N 228 34N 4.48N starts sliding down if inclination is 3 in 5 the angle
25. A 10kgmass isresting on a horizontal surface of repose (friction) is
and horizontal force of 80N is applied. If pu = 1. Sin~'3/5 2 Sin!3/4
0.2, theratio ofacceleration with out and with 3 Tan! 3/5 4 Tan' 3/4
. . . _ 72 . .
?Cgl/(;n 18 (g2—41/(3)ms ) 31/ 421 37. When abody slides down an inclined plane
: : : ' ith coefficient of fricti then it 1-
26. Atrain consisting of 30 wagons each ofmass 15 Z:;tiofloies 1:;:11 bo FICHONAS Hy, Hen is acce
tonnes is pulled by an engine of power 90 kW. 1 ,ge . ye 5 10 0
Ifthe frictional force and air resistive force of- - 8( sind +cosd) - 8, sin® —cos0)
fered per tonne of the train is 12N the maximum 3. g(sinB+p, cosB) 4. g(sinb—p, cosb)
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38.  Work done in moving a body up an inclined rough )
plane (p) oflength S will be g §=—2
1. mg (sin® + p,_cosB)S 2. mg(y, sind +cosb)S 248
3. mg(p, sinb—cos6)S 4. mg (sinb -, cos6)S 9. F =F— f
39. A body slides down arough inclined plane of 1
angle of inclination 30° and takes time twice as a= r
greatas the time taken in slipping down aiden- m
tical frictionless plane. The coefficient of friction V =at
between the body and the plane is
L\34 2.3 3.4/3 4.3/ 10. F<f,(max)
40. A body slides down a smooth inclined plane Then f, = F =2.5N
of heighth and angle ofinclination 30° reacting
the botom with a velocity v. Without changing . f,=pumg
the height, if the angle of inclination is doubled, 12.  f.=pumg
the velocity with which itreaches the bottom F
of the plane is
1. v 2.v2  3.2v 4 \2v 4 a=L g utmu® 1
41. Abody isallowed toslide downon a smooth m
inclined plane. For agiven base length, the time
taken by the body toreach the bottom will be 17. s af
minimum ifthe angle of the inclined planeis
1. 30° 2. 45° 3. 60° 475 || 19 a=ume
KEY a+2= 't;—K g
1.2 2.3 3.2 4.2 5.2
6.1 7.2 84 9.2 10.4 20, a=(u—pu)g
1.2 12.1 13.1 14.3 15.4 21, u=tan
6.1 17.2 181 19.3 20.3
2.2 22.1 23.1 24.3 252 22 _Ss_mg
26.2 0 27.2 283 29.3 30.4 ' R F
31.3 32.4 33.2 341 353 23. energy spent= K.E-P.E
36.1& 4 37.4  38.1 39.1 mg
40.1 41.4 24, u= T
HINTS
F'=f +mg=u.F+mg
1. t= S>u=tug
Hi & F
2 2 4 — m
2. 8= = ply = — 25 a, F—pymg
2k g 2sg m
4 F=Jx 26. p=fv
5. Jo=memg = = 27 v=ymrg
mg
28. a=g(sinf- p cosh)
6, a=ltuM8 29. Fema
m
- a=u g 30.  f=p.mgcosb
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31.
32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

f=mg(sin6+ u; cosb)
W=F.S
a=g(sin@— p cosh)

v=a.lt

s=—at’
2

M =tanf

F=mgsinf —p,_mgcosd
a=g(sin®—p, cosO)
W =Fs=mg (sinf + p,_cos6)S

U= tanH(l—izj
n

V =\2gh
and V does not depends on @ when h=con

For given base if angle of inclination is more,
shorter will be the time of travel.

LEVEL — 11

MOTION OF A BODY ON THE
HORIZONTAL SURFACE

A chain of length L starts sliding down from the
horizontial surface of a table, if the hanging length
is ‘I’, the coefficient of friction between the table
and chain is

/ L [ L-1
1. I 2. / 3. 1] 4. /
A rope lies ona table so that a part of it is
hanging. The rope begins so slide when the
length of the hanging part is 25% ofthe entire
length. What is the coefficient of friction be-
tween the rope and the table

1. 0.2 2.0.33 3.0.5

4.0.75

An aeroplane requires for take off a speed of
108 kmph the run on the ground being 100m.

Mass of the plane is 10%kg and the coefficient
of friction between the plane and the ground is
0.2. Assuming the plane accelerates uniformly the
minimum force required is

1. 2x 10*N 2243x 10*N

3.65 x10*N 4.8.86 x 10°N

An aeroplane requires for take off speed of
72 kmph, the run on the ground being 100m.
The mass of the plane is 10,000kg and the
coefficient of friction between the plane and the
ground is 0.2. Assume that the plane acceler-
ates uniformly during the take off, the mini-
mum force required by the engine of the plane
to take off is

1.2 x10*N 2.1.96 x 10*N

3.0.04 x10*'N  43.96x10*N

A block weighing 10kg is at rest on a hori-
zontal table. The coefficient of static friction
between the block and the table is 0.5. Ifa
force acts down at 60° from the horizontal,
how large canitbe without causing the block
to move? (g=10ms2)

1. 346 N 2446 N 3.746 N 4.846 N

A body moves along a circular path of radius
10m and the coefficient of friction is 0.5.
What should be its angular velocity in rad/s if
it is not to slip from the surface? (g=9.8ms?)
1. 0.4 2.03 3.05 4.0.7

A boy pulls a Skgblock alonga20m long hori-
zontal surface at a constant velocity by apply-
ing ahorizontal force F. Ifthe coefficient of kinetic
friction is 0.2, how much work does the boy do

on the block? (g=10ms )

1. 100J 2. 300J]  3.200J 4.4001J

A train of mass 10*%kg is moving on a level
track at a uniform speed of 72km/hr. Ifthe
resistance due to frictionis 0.25 gmwt per kg,
find the power ofits engine (g=9.8 m/s%)?
1.980OW 2. 490 W 3. 245W 4. 790 W
A block isplaced onarough floor and a hori-
zontal force F is applied on it. The force of
friction fby the floor on the block is measured
for different values of F and a graph is plotted
between them.
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1. The graph is a straight line of slope 1 15. A body of mass ‘m’ is thrown vertically up
2. the graph is a straight line parallel to the with velocity ‘u’. If the resistance force due to
F—axis air is ‘f”, the time of ascent of the body is
3. The graph is a straight line of slope 1 for u mu
small F and a straight line parallel to the F—axis L. g+ f 2. mg + f
for large F.
4. Thereis a small kink on the graph u mu
10. Read the following two statements and then 3. g—f 4. mg—f
identify the correct choice of the given an- 16. A vehicle of mass M is moving on arough hori-
SWeErS. zontal road with a momentum P. If the coeffi-
A : The frictional force acting on a body of mass cient of friction between the tyres and the road
m which is at rest on a horizontal surface of is 1, then the stopping distance is
coefficient of static friction p_is p. mg inthe P p2 p? P
absence of.ex‘ternal force ' L. 24 Mg 2. 21 Mg 3. 24 Mg 4. 24 Mg
R : The frictional force acting on a body of _
C . 17.  Aforce of 150N produces an acceleration of
mass m which is at rest on a rough inclined oy
surface of angle of inclination 0 is mg sin®. 2ms ™~ inabody andaforce of 200N produces
1. A istrue and B is false an acceleration of 3ms 2. The mass of the body
2. A isfalse and B is true and the coefficient of kinetic friction are
3. Both A and B are true 1. 50kg, 0.1 2. 25kg, 0.1
4. Both A and B are false 3. 50kg, 0.5 4 50kg, 0.2
11.  70% ofthepower ofacar isused in accelerat-
ing it from the rest and the remaining 30% of power MOTION OF A BODY ONAN INCLINED
is used in overcoming friction. Ifthe acceleration P LAN E ' .
of the car is 5ms2, the coefficient of friction 18. Abody t‘akes'n times as mue h Flme t(.) slide
, down an identical 45° rough incline as ittakes
between theroad and the car is nearly to slide down a smooth 45° incline. The coef-
1. 0.2 2. 0.8 3. 0.7 4. 1.2 ficient of friction is
12.  Two boxes of same material start moving on a
rough horizontil surface, one with a velocity of 1 I_LZ 5 1 _ 3 I—Lz 4 1 -
10ms~! and the other with a velocity V. Ifthe n 1-n n Vi—n
ratio of Stopping times for the two boxes is 1:3, 19. The coefficient of friction between abody and
then the value of V is 1
1. 33ms ! 2.10ms " 3.30ms " 4.50ms " an inclined plane is ﬁ If the body is just
13. A 20kg box is on the floor ofa truck the ready to slide down, the angle of inclination is
coefficient of static friction between the box and 1.75° 2.60° 3.45°  4.30°
the truck floor is 0.3 and the coefficientof || 20. A wooden block of mass 20kg slides without
sliding friction is 0.2. The magnitude and direc- acceleration down a rough inclined plane which
tion of the frictional force acting on the box, makes angle of 20° with the horizontal. Find
when the truck is accelerating at 2ms 2 is the acceleration ofthe block when the inclination
1. 99.2 N back ward 2. 99.2 N forward ofaplaneis increased to 30°
3.392Nforward 4. 39.2 N backward 1. 1.81 ms™ 2. 3.62ms
14. A abody ispulled through adistance of 5Sm on 3. 0.90 ms™ 4. 0.45 ms™>
arough surface. If the mass ofthebody isSkg || 21. A body projected from the bottom ofa smooth
and p=0.2, then the heat energy developed as inclined plane with a velocity 9.8 m/sec. The
aresult of friction is angle of inclination of the plane is 30°. If it
1. 49 joule 2. 49 joule comes torest after reaching the top of the plane,
3. 0.9 calorie 4. 4.9 calorie then the time of ascent is
1. 2sec 2.1sec 3. 0.5sec 4.1.5sec
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22. Thetime taken by abody toslide downasmooth || 29. A body ofmass 2kg is sliding down on an
inclined plane s 4 sec. The time taken by thebody to inclined plane of 6 = 53°. What is the time
slide, the first 1/4th of'the length of the plane is taken by the body to reach the ground if the
1. Isec 2. 2sec 3. V3sec 4. 0.25sec length of'the inclined planeis 10m ?

23. A block of mass 1 kg iskept on arough in- (g=10ms2and g, =0.5)
clined plane making an angle of 30° with the | 2sec  2.dsec 3. 3sec 4.5 sec
horizontal. If M= 0.5 and My = 0.4, the fric-
tional force on the block is KEY
1. 1.96V3 N 2. 0.4x9.8 3N 0L3 022 033 044 053
3. 9.8x V3N 4. 04x98N

24.  The coefficient of friction between a hemispherical 06.4 07.3 082 09.3,4 10.2

' P 1.1 123 13.3 141 15.2
bowland an insectis /(.44 and the radius of 16.3  17.1 18. 1 19.4  20.3
the bowl is 0.6m. The maximum height to which 21.1 22,2 23,1 24.4 25.1
an insect can crawl in the bowl will be 26.1 27.2 28.3 20.1
1.04m 2. 02m 3. 03m 4. 0.lm

25. The power that the engine must develop in or- HINTS
der to take the vehicle of mass 2000kg up an 1
inclined plane of slope 1 in 10 at constant speed Lp= -1
of 10ms™' , if the frictional force is 200N will be 4. f=pma
(g=10ms™) v? -u?

1. 22kW 2. 220kW =jm ( s J
3. 22000kW 4. 2200 kW

26. A blockslides down arough inclined plane of umg
slope angle 6 with aconstant velocity. Itis then 5. F= Cos¢ - 1 sing
projected up the same plane with an initial velocity 6. umg= re
v. The distance travelled by the block up the _ _

) , 7. F=pmg, w=fxs
plane before coming to restis 8. P=fxv
V2 V2 V2 4gv* 10. A. Ig the absence of e;xternal fprce, the bpdy
1. Aosind 2. Josind 3. —. 0 . continues to be at rest i.e.; there is not relative
gsin gsm. _ gsin sinf motion between the body and the surface.

27. Awooden. bl9Ck sliding down from the fop of So, the frictional force is zero butnot p, mg

a smooth inclined plane starting from rest takes . -
B. When a body is atrest on an inclined plane,
t, seconds to reach the bottom of the plane and the frictional force is self adjusting force =
attains velocity v,. Another block of twice the mgsin 0
mass falling freely in air from the same height F—ma
takes t, seconds to reach the bottom of the . A= mg
plane and attains velocity v,. If the angle of fr = pomg
inclination of'the plane is 30°, th
inclination of'the plane is 30°, then . azg(sine—tanacose)
L.v,=v,andt =t, 2. v,=v, andt =2t
13. F, = p, mg+ma

H, mg
3.v,>v,andt >t, 4 v =v, and2t =t, k Tk

28. Thelengths of smooth and rough inclined planes " u

0f45° inclination are same. Times of sliding of 15. t = = g4
a g+a 8
abody on two surfacesaret, andt, and p= m
0.75, then t = 16. P=mV; V=P/m
1L.2:1 2.2:3  3.1:2  4.1:1 \a
s =
2p,8
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17. 150 -2p=200-3p 2
20. f=psin@+mg; R=pcoséd s =
/ 24,8
H= R 31. Q=W =Pt
21. F_ xt=mv-—mu = mgsin Oxt=—mu =t
ext = umgvt
t= u/gsin6)=9.8);1/2 =sec 33.  P=mg(sin@+ u; cosf).v
L M, . 36. mgsin@.l=umg.s
23. V6T M, 4755 37. W =mg(sin@+ uy cosd).S
F = ma W' =W +maS
24. mgsin6=F, =pumg; mgcos = N=mg 38. F=mgsinf+ f+ma
F 39. a=gtanéf
u=tanO= - h
T}
N 40. l=ut=—
sin @
5 r’-(r-h)* r’ 5 )
W= Thny o =T sin¢9:—:>0:sin"1(—j
ut ut
1 1 LEVEL — 111
h= - —
! Jpt+1
| MOTION OFA BODY ON THE
- l-——— | = HORIZONTAL SURFACE
0.6 x 0.1m . .
1+0.44 1. Therear side of truck is open and a box of
25. F=Fk+mgsin6+0 mass 50kg is placed at3.2m away from the
P=FV open end. The coefficient of friction between
26. a=g(sin@—p, cosh) the box and the surface is 0.2. If the truck
k R starts from rest and moves on a straight road
as a=0; p = tan®; But, s= v with acceleration 2.1 ms2, the box falls off the
2a truck afteratime (g=10ms2)
v’ 8
= 2g(sin9+/uk COSH) 1. \/ﬂ s 2. 4s 3. 8s 4\/§s
i 2. A wooden box isplaced onthe back part of
_ . . . )
2g(sinf + tan 0 cos ) lorry moving with an acceleration of 6ms . If
My = 0.5. The acceleration of the box relative to
27 t= 2s lorry inms 2 is
amHe 1.1 2.1.1 3,12 4. Zero
mg 3. Abulletofmass 300grams moving with velocity
)3 F—f, mg T, g v strikes a wooden block of mass 2.7kg and
Toas m . m 2 gets embedded init. Ifthe system travels the
distance of 20m on the surface and comes to
5= 1 at® = g_t2 rest, the velocity v is (coefficient ofkinetic fric-
2 4 tion =0.25 and g= 10ms2)
29. W =(F-pumg).s 1. 200ms™' 2. 300 ms'
-1 -1
30. MV, =(M,+M's) V! 3. 100 ms 4. 50 ms
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A rear side of a truck is open and a box of mass MOTION OFABODY ON AN INCLINED
20kg is placed on the floor of the truck at a PLANE
distance of Sm away from the open end. Ifthe 9. Abody issliding down on a rough inclined
truck starts from rest and moves on a straight plane of inclination 45°. The time taken by it to
road with acceleration, the box falls off the truck slide down on the rough inclined plane is 3
after 10 seconds. The acceleration of the truck tilr'l(]ies dgr eate;than the 'ﬁn}e 'i'f‘ke:il bil the b;)dy to
. _ _ -2 slide down the smooth inclined plane of same
15 (k Oi and g = 10ms ) = inclination. The coefficient of friction between
. 4.1ms 2.22ms rough inclined plane and the body is
3.32ms? 4. 1.8ms™ 1. 173 2. 2/3 3. 1/9 4.8/9
Ifanice block of mass 42kg moves onarough || 10. Abodyslides down a rough planeinclined to the
surface p, =0.1. If the initial velocity of block is hOI‘lZOl’.ltal. at.3 0° If 79% of the nitial potential
4 m/sec, then the amout of ice melted as aresult z?eig(}; ;Zﬁléiilpﬁfﬁgﬁ?;g the descent, the cocffi-
of friction before the block comestorest in gmis &
1.0.5 2.1 3.80 4.16 0.7 0.7 0.7
A small coinis placed ona flat, horizontal turn 1. 0.7 2. B3 3. f 4. ﬁ
table. The turntable is observed to make three 11.  Amanpushes a 4kg block with a force of 12N
revolutions in 3.14 sec. What is the coefficient and finds that it starts with an acceleration of 2
of static friction between the coin and turntable ms 2. After sometime, he finds that to keep
ifthe coinis observed to slide off the turntable the block in motion with uniform velocity 4
when it is greater than 10cm from the centre ms! he needs onlya constant force of 2N. If
of turntable? T, i ]
1,045 2. 06 305 4. 037 g= 10@5 > ﬁnd the coefficients of static and
The expression for acceleration of a particle in <1iynarinc frictions. )
S.HM. onarough surface of p, =0.4 is ‘a= 3: 025: ?2'05 4: '25”.1'05
8A’. where A isamplitude. Thenthe maximum || 15 A bodyis sliding downa rough inclined plane of
ampli'tude ofthe particle withoutsliding on sur- inclination 60°. If the angle ofrepose is 30°, find
face is the acceleration of the body. (g=1 Oms ) in m/s>.
1.02m 2.03m 3. 049m 4. 0.4m 1. 233 2 346 345 4.577
A Wooden block O.f mass M restmg onarough 13. The force of friction acting on a body when
horizontal surface is pulled witha force T at an velocity is 4 msis SN. The force of friction
angle 0 to the horizontal. If u is coefficient of o .
kinetic friction between the block and the sur- when the velocity is 8ms " is
face, the acceleration of the block is 1. 4N 2.8N 3. 16N 4. 32N
14.  Anironblock of sides Scmx 8cmx 15¢cm has to
1. Tcost be pushsed along the floor. The force required
M will be minimum when the surface in contact with
T the ground is
2. —(cos & -sin ) —pg 1. 8 cmx 15 cm surface 2. 5 cmx15cm surface
M 3.8 cmx Scm surface
T , 4. forceis same for all surfaces
3. M (cos & +psin 0) — g 15. Aboyofmass M is applying a horizontal force
to slide a box of mass M' on arough horizon-
4. nreosd tal surface. The coefficient of friction between
M the shoe of the boy and the flooris p and that
between the box and the floor is ‘u!” in which of
the following cases is it certainly not possible to
slide the box?
l.u< u”;M<M! 2. u> pu’;M>M!
3.u< ul’;M>M1 4, u> ul’;M<Ml
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16.

A block of mass m and surface area A just
begins to slide down an inclined plane when the
angle of inclination is 7/5. Keeping the mass of
the block same, if the surface area is doubled,
the inclination of the plane at which the block starts

22.

A number of blocks each of mass 0.4 kg are
placed one over the other. The minimum hori-
zontal force required to pull the eighth block
from the top without disturbing the remaining

10N. Ifg=10 ms 2, the coefficient of static

sliding will be friction between any two block is
1. w/5 2. w10 3. 2n/5 4. w52 1. 1/3 2.1/4 3.1/6 4.1/8

17. Theangle between force of friction and instan- 23.  When a person walks on arough surface
taneous velocity of the body moving over a 1. The frictional force exerted by the surface
rough surface is keeps him moving
1. Zero 2.m/2 3.m 4. Insufficient data 2. reaction of the force applied by the man

18. A bodyslides down a rough inclined plane of on the surface keeps him moving
inclination © with constant velocity v. Ifitis 3. theforce applied by themankeep him moving
projected up the plane with velocity 2v, then it 4. weightof the man keeps him moving
moves up the plane with 24.  Consider thesituation as shown. Surface of m,
1. constant velocity 2. retardation g sin 6 and m, incontact are rough. There is no friction
3.retardation 2gsin® 4. acceleration g sin © between walland m,. Then

19. A body moves on a rough horizontal surface
with acceleration ‘a’ when it is subjected to a )
horizontal force. Ifthe applied force is doubled, my | m, <—P
itmoves with acceleration
1. equal to 2a 2. less than 2a <
3. greater than2a 4. equaltoa 1. Friction onm, is in the upward direction and m,

20. A block ofmass mis pressed against a vertical is in equilibrium
wall by applying a force Patan angle 6 to the 2. Friction onm, is in the down ward
horizontal asshown. Asa result, if that block direction andm. is in equilibrium
. . . q
isprevented from falling down and p is coeffi- . ! .. .
cient of static friction between the block and 3. ﬁlctlononrn2 15 Zero andrr.lz 1.smeq1.1q1b1.lum
the wall. the value of P= 4. the system can not remain in equilibrium

’ 25. A gun of mass 50kg fires a bullet of mass
y P 0.5kg with velocity of 200ms !, If the gun
f,f’jf moves through 1m back before coming to rest,
_____________ the frictional force on the gun is
1.50N 2.100N 3.200N 4.Zero

26. Thehorizontal force required to draga wooden
mg mg cubeofaside ‘a’ onarough horizontal surface
1. - 2. - is F. Another cube of the same wood but of
(u5in 6 —cos &) (u5in 6 + cos 6) side ‘2a’ is dragged on the same surface. Then
mg mg the force requir'ed if the cube is dragged with

3. (1cos6—sin 0) 4. (12c0s0 +sin 0) T(‘m;tant sp;e;i ;n both the (;a.segsF .

21. Twotrolleysof masses m and m, are con- 27. A body isplaced atthe middle of aplank of
nected by a spring. They are compressed and length ‘I’ coefficient of friction between the
released on ahorizontal surface. Then they move body and the plank is p. If the body starts with
in opposite directions and come to rest after an acceleration ‘a’, the time after which the body
covering distances d, and d, respectively. Ifthe leaves the plank is
coefficient of friction is same for both on that 1 1 21 21
surface, d, :d, = 1'J (a-ng) J (a+ng)” J (a-n)* J (a+ng)
1. (m;/m)) 2. (m,/m,) 3.(m1/rn2)2 4.(m2/rn1)2
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28.

29.

30.

31.

32.

33.

34.

A force equal to the weight of the body acts on
abody for ‘t’ seconds. Ifthe frictional force is
equal to half the weight of the body the distance
travelled in ‘t” seconds is

1. s=g’t%4 2. S=gt¥/4

3. gt/4 4. g't'l/4

When a force of 120N acts on abody of mass
20kg and moves is through a distance of 10m, the
kinetic energy gained by the body is 400J. Then
coefficient ofkinetic friction between the body and
the surface on which it is moving is (g= 10ms )
1.0.2 2.04 3.0.8 4.None

A bullet of mass 1x 10_2kg moving horizontal

with a velocity of 2 x 10> ms™! strikes the
block ofmass 1.99kg and gets embedded into
it. Ifthe coefficient of kinetic friction of the block
and the horizontal surfaceis 0.25. Then the dis-
tance moved by the block with the bullet is
before coming to restis

1.04m 2.0.8m  3.0.6m 4.02m
A body of mass 2kg moves with a uniform

velocity of 2ms™! on a horizontal plane of coeffi-
cient of friction 0.2. Ifjoule’s constant]J is4.2 J/
cal and g=9.8 ms2. Then the amount of heat
generated in 5 second is

1. 9.33 cal 2. 933 cal

3. 18.66 cal 4. 18.6 cal

A smooth wooden plank is kept inclined to a
vertical wall such that abody left atits top takes
minimum time to reach the bottom. Ifthe foot
ofthe plank is at ahorizontal distance of 19.6
m from the wall, the minimum time is

1
1. 2s 22.[rs 3.4s 4.35

Anengine of 1000kg is moving up an inclined
plane 1 in 2 at the rate of 20ms ! If the coeffi-

cient of friction is E ,power of the engine is

1. 98 KW 2.196 KW
3.392 KW 4. 499 KW
A body ofmass 4kg is kepton an inclined plane
of 1 in2. When itispulled directly up the plane
by aforce of 6kgwt, it moves with acceleration

of 2ms™2. If a force of 3kg wtis applied down
the plane, it moves with this acceleration
(g=10ms™?)

1. Ims? 2. 2ms? 3. 3.5ms 4. 4.5ms™>

35.

36.

37.

38.

39.

40.

A body of mass m iskepton an inclined plane
ofiinclination 30° to the horizontal. If the angle
ofrepose is 45° static friction on the body is

mg m
1. E 2. Tg 4.\/> mg
A smooth inclined plane of length 4m is making
an angle 30° with the rough horizontal plane. A
body isreleased from the top of the smooth
inclined plane travels a distance of 8m on the
horizontal surface and comes to rest. The coef-
ficient of friction is
1.0.025 2.0.0025 3.0.25 4.Zero
Length of an inclined plane is Sm and it is
inclined at 30° to the horizontal. Work done to
move the block up the plane with uniform ve-
locity is 100J. Then work done to move the
block up the plane with uniform acceleration of
4ms? is (u=1/13)
1. 140J 2. 400J 3.300J] 4.100]
A body of mass 2kg ison an inclined plane
inclined at 30° to the horizontal. The force
applied on itparallel to the plane so thatitmoves
up that slope with acceleration of 2ms 2 against
a frictional force of SN.
I. 5N 2.9 N 3.14N 4.18.8 N
A block is kept on awedge of inclination 30° to
the horizontal as shown. With what acceleration
the wedge should be moved so that the block
does not move relative to the wedge?

3.mg

an”
l.g 2. g/\/g 3.\/§g 4. g/\/i

A body is released from the top of a smooth
inclined plane at height h above the ground.
Simultaneously another body is pushed up with
avelocity V from the bottom. If they meet
after timet, inclination of'that inclined plane to

the horizontal is
cos™ (Lj
2. hu

1. sin” (Lj

hu

3 sin”' (Lj 4. cos” (h_uj
ut t
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41.

A block of mass lkg lies on a horizontal sur-
face inatruck. The coefficient of friction be-
tween the block and the surface is 0.6. If the
acceleration of the truck is Sms’z, the frictional

force acting on the block is
1. 5N 2.10N 3.I5N  4.20N

47.

an angle o with the vertical, the maximum pos-
sible value of o is given by

l.cota=3 2. tana =3

3. seca=3 4. cosec o =3

A block of mass /3 kg is kept on a frictional

surface with u=1/2 /3. The minimum force to

42. Ablock A ofmass 2kg rests on another block
B of mass 8kg which rests on a horizontal floor be applied (as shown) to move the block is
The coefficient of friction between A and B is /
0.2, while that between B and the floor is 0.5. F
When ahorizontal force of 25N is applied on B, L 60°
the force of friction between A and B is
1. Zero 239N 350N 4.49.0N I.5N 220N 3.10N 4.20/3 N
43. A block ofmass, lying onaroughhorizontal || 48. Ablock rests onaroughinclined plane making
plane is acted upon by a horizontal force P and an angle of 30° with the horizontal. The coeffi-
another force Q, inclined at an angle 6 to ver- cient of static friction between the block and
tical. The block will remain in equilibrium, if the plane is 0.8. If the frictional force on the
coefficient of friction between it and surface is block is 10N, the mass of the block (in kg) is
Q [g=10ms 2]
\f;][ 1.20 240 3.16 4.2.5
| 49. A small block sides without friction down an
P~ inclined plane starting fromrest. Let S be the
(P+Osin0) (Pcosf+0) distance travelled fromtimet=n—1 to t=n.
© (mg+QcosO) © (mg —Qsind) n .
Then g s
(P+ Qcosb) (Psin6 —Q) ™
3 mg+0sing)  * (mg—0cos0) 2=l 2nel 2 2
44. A bodyofmass 100g is sliding from an inclined C2n " 2n-1 7 2n41 7 2n+1
plane of inclination 30°. What is the frictional || 50. A smooth inclined plane makes anangle of 30°
force experience if u=0.7? to the horizontal. The constant force applied
3 . 3 parallel to the plane to produce a 10kg block to
1. 0.7 N3 2. = 3.— 4.0.35 slide up the plane with an acceleration of Ims2is
22 2 . 1.39N 242N 349N 459N
45. Ablock of mass M ispulled alonga honzoptal 4. the system can not remain in equilibrium
rough surface by arope of mass m by applylng 51. A block X kept onan inclined surface just
a force Fatone end of the rope. f is the begins to slide ifthe inclination s 6 . The block
friction between block and the surface. The force . [
which the rope exerts on the block is isreplaced by another block Y and it is found
thatit just begins to slide if the inclination 0, is
1. FMM +f 2. mFM f (0,>0,). Then
me me 1. Mass of X =massof Y
3 mF+fM MF- fm 2. Mass of X <massof Y
© M-m M-m 3. Mass of X>massofY
46. Aninsectcrawls up a hemispherical surface. 4. All the three are possible
The coefficient of friction between the insect and
the surface is 1/3. If the line joining the centre of
the hemispherical surface to the insect makes
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KEY

1.3 2.2 3.3 4.1 5.2
6. 4 7.3 8.3 9.4 10.3
11.1 12.4  13.2 14.4 15.1
l6.1 17.3 18.3 19.3 20.3
21.4 22,3 23.1 24.4 25.2
26.3  27.1 28.2 29.2 30.4
31.1 32,2 33,1 34.4 35.2
36.3  37.1 38.4 39.2 40.3
41.1 42,1 43,1 44.2 45.1
46.1 47.2 48.1 49.3 50.4
51.4
HINTS

1. abox:atruck_l’lk'g

2. s=ut+%at’ (butyu=0

3. Common velocity after collision
__mu o3y
Com, +m, 310

IINTA -
2 M) ~HMEX

2s
4. Resultant acceleration of the box a = z—z
_2x 1,
100 10™

If ais the acceleration of the truck and ‘m’ is
the mass of the box

ma-—u, mg=ma,; a=a1+ug

1 1
o= i — v (v=
5. mL o mu - m (v=0)

(L=0.336x10"%J/kg)
6. mro’= M, mg
a=8A=p, g
R=mg-Tsin
8. F=p R < >TcosH

mg

g Tcos@— R

m
1
9. ;_12 \J1— 1 cotd =3 J1— g, cot45°
2

10.  Frictional energy=Initial potential energy * 100
NEW TYPE QUESTIONS

1. Match List [with ListII from the combinations

below
List—1 List —II

a. non—conservative froce  e. depends on mass

b. conservative force f. workdone independent
of path

c. deceleration due to g. workdone depends on
friction on rough path
horizontal surface

d. accelerating forceon  h. independent of mass
a smooth inclined
surface

The correct match is
1.a>gb—ohco>f,d—oe
2.a—>fib>ec—ohdog
3.a>gbo>fic>hd—e
4 a—>ebo>gcohdof

2. Match the following

List—1
a. Static friction

List —I1
e. constant for a given
pair of surfaces
f. independent of area
of contact
g. selfadjusting
h. has the least magni
tude foragiven normal
reaction
a—>ebo>f,c>gd—>h
a—>hb-oficoedog
a—>gb—oec—o>f;d—>h
a—>gb-ohco>f,doe

b. Limiting friction

¢. Kinetic friction
d. Rolling friction

Rl o
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3. Match the following

List — I List — IT
a. Frictional force e. Zero
b. Gravitational force f. Electromagnetic force
c. Whenabody onrough  g.mgsin0
inclined plane is just to
move, then the net force
acting on the body is

d. The force acting on a h. conservative force
body placed on a smooth
inclined plane is
The correct match is
l.a>hibofic>gdoe
2.a—>fib>hcoedog
3.a—>ebogc—o>f,d—>h
4 a—>gb—oec—ohdof
4. Match the following
List— 1
a. frictional force
b. rolling friction
c. ball bearing

List—1I

e. reduction of friction
f. adhesive force

g. deformation at the
point of contact

h. increase of friction
1. conservative force

d. excessive polishing

The correct match is
l.a>1b—>e;c>hd>f
2.a>fibo>ficoedog
3.a>fib—o>gc—o>e;d—h
4. a—>1i;b—>f,c>h;d—e
5. Match the following
List — 1 List — 11
a.two rotating discsare  e. generated friction is equal
brought in contact coaxially toapplied external force
b. contact force onabody f. lossofrotational KE s

S.no. Ratio of times

1.
2.
3.

If p, p, and p, are the coefficients of limiting,
kinetic and rolling frictions between two given
surfaces. Arrange them in ascending order

Lopg Mg by 2. Hps Hyo Mg

3 Ko My My 4 e Mo By

Three bodies P, Q and R slide down along three
different frictionless inclined planes, starting from
rest from the respective tops of the planes. If
the respective lengths and angles of inclination
of'the planes are 4m and 30°, 2m and 45°, 2m
and 60° and 'V, VQ and V, arethe respective
speeds when they reach the bottoms. Arrange
them in decreasing order of magnitude

1. Vg, VQ, v, 2.V, VQ, Ve

3. Vo, Vg, VQ 4. VQ, Ve Vo

The ratio of time taken to slide down along a
rough inclined plane to an identical smooth in-
clined planes and angle of inclination and coeffi-
cient of friction as follows.

Angle of Coefficient of

inclinations
frictions
t/t,=2 6= 30° K,
t/t,=4 0= 45° K,
t/t,=3 0= 30° [T
Then the correct relation between pu, 1, , 1, 18
L=y <py 27, 7 Ry
3oMTH <K, Al g g

Identify the correct order

in which the value of normal reaction increases
object is placed onrough horizontal surface

a. the object is pushed with the force F atan

placed onrough surface  transformed partly angle © with horizontal
into heat b. the object is pulled with the force F atan
c. Tocontinue amotionis  g. theresultantofnormal angle © with horizontal
easier than to initiate reaction and friction c. The object is pushed down with the force F
the motion normally
d. fora static frictionless ~  h. kinetic friction is d. The object is pushed up with the force F
than limiting friction less than static friction normally
The correct match is 1. a,b,c,d 2.d,b,a,c
lLasfib>gc—>hd—oe 3. a,cb,d 4. b,d,c,a
2.a—>gbo>fic>e;d—h
3.a>hboecofidog
4, a—>e;bohco>fid>f
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10.  Three bodies A, B and C of masses 1kg, 2kg 17.  A:Pulling alawnroller is easier than pushing it
and 3kg are atrest on a horizontal surface of R :pulling increases the apparent weight as the
coefficient of friction 0.5. If they are pulled w1t.h vertical component of the puling force acts upward
forces 20N, 30N, and 25N respectively, their LA ’ B 3C 4D
accelerations a,, a, anda, will be inascending 18. A More force is required to push abodyup a
order as follows. .
l.a.a.a 2. a, a2 rough inclined plane than that to move the same
3 aA, aB, aC 4 aC, 0 aA body down .the same plane o

1. The fBolloév ing particles are pr]?)jec‘ge q (/)\n the same R : The friction always acts parallel to inclined
horizontal rough surface. plane downwards

1. A 2.B 3.C 4. D
S.NO. Mass K.E. 19. A :Whenabody tends to slide down aninclined
1 10gm 20J plane, force of friction acts up the plane
2 20gm 40J R : Friction always opposes the relative motion
3 40gm  100J LA 2B 3.C 4.D
4 >0gm 200 20. A:Abody onan inclined plane just tends to
Which of the above particles are stopped in the slide dowr} if the angle of inclination is equal to
same time due to friction. angle of friction
1.10gm, 20gm 2.10gm, 40gm R : When the angle of inclination is equal to the angle
3.20gm, 50gm 4.10gm, 50gm of friction, the compound of weight parallel to the
planeis just sufficient to overcome the frictional force
A': Assertion R : Rfaason 1. A 7B 3.C 4. D
ﬁ‘z:ﬁlsztohf gand Raretrue. Ris correct expla- 21. A: An obj ec't projected with same velocity on
B. Both A and R are true. But R is not cor- the paths of dlfferent. rough surfaces are brought
rect explanation of A to rest in different distances
C. A is true. Ris false R : The workdone against the friction depends
D. Both A and R are false. on the path travelled by the object

12.  A: On polishing the surface the friction de- 1. A 2.B 3.C 4. D
creases upto certain limit butincreasesbeyond || 22 A : Frictional force is independent of the velocity
that o . 3 of the body.

R : Onpolishing the surface, the irregularities e . i
are cut off R: Friction is due to surface irregularities
LA 2.B 3. 4D LA 2.B .¢ 4D

13.  A: When abicycle is being pedaled, the friction || 23. A :Theacceleration of abody sliding down a
on the front wheel is in a direction opposite to smooth plane of inclination 30° is 5m572
the motion of bicycle . . ,

R : Therear whe}ell while being pedalled, pushes R:a=gsin§=10sin30°=5ms g

the front wheel on rough road due to which the 1A 2.B 3.C 4. D
friction opposes the relative motion 24. A The acceleration of a body moving up a
1. A 2.B 3.C 4. D rough inclined plane, when itispulled up by a

14. A It isdifficult to move a bike with its breaks on force, depends on its mass
R :sliding friction is greater than rolling friction R : Frictional force acts down the plane when
1A .2' B 3 C 4.' D the body moves up the plane

15. A:Ona rainyday,itis difficult to drive a caror
bus at high speed. l.A 2.B 3. C‘ 4.D
R: Thevalue of coefficient of friction is lowered || 25- A:When external force acting onabody mov-
on wetting the surface. ing on arough horizontal surfaceis doubled,
1. A 2.B 3.C 4. D the acceleration of the body is doubled.

16. A horse hastopulla cart harder during the first R : The acceleration of a body moving on arough
few steps of his motion horizontal surface is proportional to the resultant
R: The first few steps are always difficult force actingonit.

1. A 2.B 3.C 4. D 1. A 2.B 3.C 4. D
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26.

27.

A : The time of ascent for a body projected to
move up a rough inclined plane is less than the
time of descent

R: The retardation for upward motion is more
than the acceleration for down motion

1. A 2.B 3.C 4. D

A : Work done in moving a body over a smooth
inclined plane does not depend upon slope of
inclined plane, provided its height is same

R: W=mgh=mglsin0

1. A 2.B 3.C 4. D

MULTI CORRECT TYPE QUESTIONS

32.

33.

A block is placed on arough floor and a hori-
zontal force ‘F’ is applied onit. The force of
friction ‘f” by the floor on the block is measured
for different values of F and a graph plotted
between them

a. is a straight line of slope 45°

b. is a straight line of slope less than 45°

c. isastraight line of slope 45° for small F and a
straight line parallel to the F—axis for large F.

d. there isa small kinik on the graph

1. b& dare correct 2.a is correct
3.c&darecorrect 4.a&b are correct
Two blocks A and B are pressed against a

28. Let F, FN and f denote the magnitude of the . . i .
. vertical wall by applying ahorizontal force ‘F’.
contact force, normal force and the friction There is no fiiction betweenA and B. The
extended by one surface on the other keptin a. Both blocks A and B can be at rest for any
contact. If none of these is zero magnitude of F
a. F>F b. F>f b. B can be at rest A moves
c. F,>f d. F~f<F<F+f down for smaller magnitude of F
1. a&carecorrect 2. b & care correct c. Both Aand B will move
3.a,b & d are correct 4.only a & b are correct down for smaller magnitude
29. Anobject of mass 10kg moving with a velocity d.Acanbeat restand b )
) moves down for larger magnitude of F
of 5.6ms™" on a surface comes to rest after
travelling a distance of 16m. Then
a. coefficient of frictionis 0.1 @EE
b. workdone against the friction is 156.8]
c. retardation of the body is 8.4 ms 2. | a&bare correct 2. ¢ & d are correct
d. th(; ZIOCk comes to rezzstt:r:; sec 3.a&darecorrect 4.b & care correct
l.a are correct : ¢ are correct 34. Ablock isthrown up an inclined plane with cer-
3.¢c &.d are correct 4.2, b & care (.:orrect tain velocity to reach the top ofit. If the length
30. A horizontal force (?f 20N is apphe.d toa of the inclined planeis1 and its angle of incline is
block of mass 4kg resting on a rough horizontal equal to angle ofrepose, then
table. What can be said about the coefficient of a. the retardation is 2g sin 0
static friction between the block and the table b. the retardition is 2g tan 0
[g= lOms’z] 1
ap > 05 b. n=05 c. n = 0 d. n <0.5 c. the time of ascent is ‘figsine
31. Ablock slides down an inclined plane of angle
45° with constant velocity. Ifitis then pro- d. the time of ascent is _1
. ] . 1 ) 2gtand
jected up the same plane with velocity 10ms
th — 10ms 2 1. a&carecorrect 2. a& dare correct
en [g=10ms ] 3. b& care correct 4.b & d are correct
a. the retardation while going up is 1 0./2 ms > 35. Anobjectof mass ‘m’ isprojected ontherough hori-
| zontal surface of coefficient of friction ‘w with some
b. it comes to rest after moving up for f ] nitial K.E., Thetime °t” taken before stopping is
1
c. it comes to rest after moving up for /2 s a.tap bl ﬁ c.tom d.1¥ ;
d. coefficient of friction is 0.5 1. Both a & b are correct
1.a,b & d are correct 2. a, ¢ & d are correct 2. Both a & care correct
3. a&barecorrect 4. c & d are correct 3. Both b & d are correct
4. Both b & care correct
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36.

Two blocks of masses m and 4m connected
by a spring of negligible mass are compressed
and released. They move off in opposite direc-
tionwith velocities V, and v, immediately after
release and come to rest after covering distances
S,and S,. Then

no_4
A
S, 16
b. S = 1 (if coefficient of friction is same
2
for both blocks)
S2
c g = 1 (if friction is same for both blocks)
1
S, 16
d. S = 1 (if coefficient of friction is same)
1
for both blocks

1. only a & c are correct
2. a,b & c are correct
3. only b & c are correct
4. ¢ & d are correct

KEY

3 5.1
.2 10.2
15.1
20. 1
25.4
30.3
35.3

N
wW N

W WNN— = O\~

AN — AN—= N =

N W = = N —
WNN == QDD
NN
U b et (YD i
W — — 00 W
W oo W oo W
N W — W —

PREVIOUS EAMCET QUESTIONS

A box of mass 50kg is pulled on an inclined
plane of 12m along and 2m height by a constant
force of 100N fromrest. Itacquires a velocity of
2m/s when itreaches the top of the plane. The
work done against friction in joules is[2002M]
1. 50 2.100 3.150 4.200
A body moves along a circular path of radius
5m. The coefticient of friction between the sur-
face of the path and body is 0.5. The angular
velocity, in rad/s with which the body should
move so that it does not leave the pathis (g=
10m/s%)  [2002 - M]

1. 4 2.3 3.2 4.1

A body of weight 64 N is pushed with just
enough force to start it moving across a horizon-
tal floor and the same force continues to act
afterwards. Ifthe coefficients of static and dy-
namic friction are 0.6 and 0.4 respectively.
The acceleration of the body will be (accel-
eration due to gravity =g) [2001-E]
g £

LS 2. 0.64g 3. 5

A particle is projected up along arough plane
of'inclination 45° with the horizontal. Ifthe co-
efficient of friction is 0.5, the retardationis (g=
acceleration due to gravity) [2001-E]

4.0.2g

g g 3¢ g
1.5 2.2\/5 3.2\/5 4.\/5
A block of weight 200N is pulled along a
rough horizontal surface at constant speed by
aforce 100N acting at an angle 30° above the

horizontal. The coefficient of kinetic friction be-

1. A body ismoving up oninclined plane of angle i
0 with an initial kinetic enrgy E. The coefficient tween the block and the surface is
of friction between the plane and the body is . 1.0.43  2.0.58 3.0.75 4.0.83
The workdone against friction before the body Consider the following two statements Aand B,
comes torest is [2002E] and identify the correct choice in the given
pcosd answer
" Ecosf +sind 2. 2pE Cos6 A. Forabody resting on a rough horizontal
LIE cos0 LIE cos0 table, itis easier to pull at an angle than push at
3. o o, A the same angle to cause motion
H co§ o N §1n o H COS‘ ¢ + sin ¢/ B. Abodyslidingdown a rough inclined plane
2. Abody is sl}dlng dowpq rough inclined plane. of inclination equal to angle of friction has non—
The coefficient of friction between the body .
and the plane is 0.5. Theratio ofthenet force zero acceleration [2001 - M]
required for the body to slide down and the 1. Both A & B are true
normal reaction on the body is 1:2. Then, the 2. Ais true butBis false
angle of the inlcined plane is [2002 E] 3. Aisfalse but B is true
1. 15° 2.30° 3.45° 4.60° 4. Both A & B are false
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9. Abody of mass m, projected vertically upwards 16. The maximum speed with whicha car can be
with an initial velocity “u’ reaches a maximum driven round a curve of radius 18m without
heighth. Another body of mass m, is projected skidding (when g= 10ms 2 and coefficient of
alonganinclined plane makinganangle 30° with friction between rubber tyres and the roadway
the horizontal and with speed ‘u’. The maximum is0.2) is [1998 — E|
distance travelled along the inclineis [2001 —M] 1. 36 kmph 2. 18 kmph

h h 3. 21.6 kmph 4.14.4 kmph
1. 2h 2. h 3 ) 4‘Z 17. A body is projected along arough horizontal

10. A body of mass 5kg rests on arough horizon- surface with a velocity of 6 m/s. If the body
tal surface of coefficient of friction 0.2. The comes torestafter travellinga distance of 9m,
body is pulled through a distance of 10m by a the coefficient of sliding friction is (g=10ms’2)
horizontal force 25N. The K.E. acquired by it [1998 — M]
i [2000 - E] 1. 0.5 2.06 3.04 4.0.2
1. 200J 2. 150J  3.100J 4.50J 18. A block of mass 10kg is pushed by a force F

11. A body issliding down an inclined plane having on ahorizontal rough surface moves with an
coefficient of friction 0.5. If the normal reaction acceleration 5m/s? and when the horizontal froce
is twice that of the resultant downward force is doubled, it gets an acceleration of 18m/s2.
zllzrrlli ?dﬁiﬁ%ﬁ:; i:g[lgot())e(?i(z? the inclined Then gle coefficient of friction is (assume g=
1150 2.30°  3.45° 4. 60° 10ms™) [1997-E]

12. A car is moving on a circular level road of ra- 1.0.8 2.0.2 3 0.4 4.0.6 )
dius of curvature 300m. If the coefficient of fric- 19 A body of mass 10kg h_es ona rough horizon-
tion is 0.3 and acceleration due to gravity is tal surface. When a horizontal force of F new-
10m/s*. The maximum speed the car can have tons acts onit, it gets an acceleration of Sm/s?
is [1999 — E] and when the horizontal force is doubled, it gets
1. 30 km/h 2. 81 km/h an acceleration of 18 m/s>. Then the coefficient
3. 108 km/h 4. 162 km/h of friction between the body and the horizontal

13.  Abodytakes four—third times as much time to surface is (assume g=10ms?) [1997 - M]
slide down rough inclined plane as it takes to 1. 0.2 2. 08 3.04 4.0.6
side down anidentical but smooth inclined plane 20. A 30kgbox hastomove upan inclined slope
ifthe angle of inclined plane is 45°. The coeffi- of 30° to horizontal ata uniform velocity of 5
cient of frictionis [1999-E] metres/sec. Ifthe frictional force retarding the
;' ;; ;6 2.9/16 ey motion is 250N the horizontal force in New-

. . . _ 2

14. Twobodies having the same mass, 2 kg each, tons tomove up is (g=10 m/sec)[1996 M
have different surface area 50m® and 100m? in 13002 N 2. 300N
contact witha horizontal plane. Ifthe coefficient 3. 300./3 N/2 4.300x2/ 3N
of friction is 0.2 the forces of friction that come || 21. A body of weight 50N is placed on smooth
into play when they are in motion, will be in the surface. If the force required to move the body
ratio (1999 - M] on the smooth surface if 30N, the coefficient
1. 1:1 2.1:22 3.2:1 4.1:4 of friction is [1996 — M]

15. A van ismoving with aspeed of 72 kmphona 1. 0.6 2.123.03 4. 1.67
levelroad, where the coefficient of friction be- || 22, A brick of mass 2kg just begins to slide down on
tween tyres androad is 0.5, the minimum ra- inclined plane at an angle of45° with the hori-
dius of curvature, the road must have, for safe zontal. The force of friction will be[1996-M]
driving of van, is (g=lOm/sz) [1999-M] 1. 19.6sin45° 2.9.8 sin45°
1.80m 2.40m 3. 20m 4. 4m 3. 19.6 cos 45° 4. 9.8 cos 45°
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23. A uniform'cha'in of 1€I‘lgth ‘I.j'ha‘ngs partly ﬁom WTand WSind
a table which is kept in equilibrium by friction. 3. = 4, <
The maximum length that can stand without slip- Sin(0 = d) Tan(0-d)
ping is *°, then the coefficient of friction be- 31. Ablc‘)ck ofice at 0°C whose mass initially is 42
tween the table and the chain is [1995 - E] kg_ shdes.alioing a honzpntal surface (W=0.1)starts
with an initial velocity 4 m/sec. and comes to
1. I’ 2. I 3 ! 4. L-1 rest. The ice melted as a result of friction be-
L-1 L L-1 [ tween the block and tableis ........ gm
24.  Ablock of weight 100N ispushed bya force F [1986 —M]
on a horizontal rough plane moves with an ac- 1.05g 2.lg 3.80¢g 4.16¢g
celeration 1 m/s?, when force is doubled its 32. Thehorizontal acceleration that should be given
acceleration becomes 10m/s”. The coefficient (1
of friction is (=1 Oms 2) [1994—E] to asmooth inclined plane of angle sin (?J
1. 0.4 2.06 3.05 4.0.8 to keep an object stationary on the plane, rela-
25. A body of mass 60kg is pushed with just enough tive to the inclined plane is
force to start it moving on arough surface with [EAMCET 2003 E]
:ls =0.5 and p, =0.4 and the f9rce continues g \/ﬁ g
o act afterwards. The acceleration ofthe body I 77 - 2.g JiP—13. 4. T
is [1993 — M] \/I_—l g \/l +1
1. 0.98 m/sec? 2. 3.92m/sec? 33. A horizontal force, just sufficient to move a
3. 4.90m/sec? 4 Zero body of mass flkg lying ona rough horizontgl
surface is applied on it. The coefficients of static
26.  If the coefficient of friction is /3 , the angle of and kinetic friction between the body and the
friction is [1994 - M] surface are 0.8 and 0.6 respectively. If the
1. 30° 2. 60° 3. 45° 4.37° force continues toact even after the block has
27. p, p and p are the coefficient of static, kinetic started moving, the acceleration of the block in
and rolling friction between two surfaces. In ms 2 is (g=10ms2) [EAMCET 2003 E]
their increasing order of magnitude one can write 1. 1/4 2.12 3.2 4. 4
[1992,95 - E] 34. Theminimum force required to move a body up
1. po<p <p 2. T TR T an inclined plane of inclination 30°is found to
3 oy < 4 _ be thrice the minimum force required to prevent
e = H T T it from sliding down the plane. The coefficient
28. A cube of 10N rests onrough inclined plane of i . £ P .
slope 3in 5. The coefficient of friction is 0.6. offriction between the body and the planeis
.. [EAMCET 2003 E]
The minimum force necessary to start the cube
moving up the plane is [1990-E] L1/43 0 2.1/243 3.1/343 41/43
1. 88N 2. 16.2N 3. 10.8 N 4. 21.6 N 35. The minimum force required to move a body
29. Kinetic friction is always ...... than the rolling up an inclined plane is three times the mini-
friction mum force required to prevent it from sliding
[1987 — E] down the plane. If the coefficient of friction be-
1. Smaller 2. Greater 3. Equal 4. None 1
30. A pulling force making an angle 6 to the hori- tween the body and the inclined plane is m,
zontal is applied on ablock of weight W placed
onahorizontal table. If the angle of friction is d, the angle of the inclined plane is
the magnitude of the force required to move [EAMCET ENG 05]
the body is equal to [1987-E] L.60° 245 3.30° 4.15°
WCosd Wsind
L Cos(0-a) 2 Cos(0-d)
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36.

2

A cubical block of mass ‘m’ rests on a rough v
horizontal surface ‘W’ is the coefficient of static 17. S= 2u, g
friction between the block and the sur‘f a’c © .A 19.  When the applied horizontal force is “F” and
force mgacting onthe cube atanangle ‘0” with o e
. . the force of friction is ‘f”, then the resultant
the vertical side of the cube pulls the block. Ifthe ; S
- force on the body when its acceleration is 5
block is to be pulled along the surface then the 5
value cot (0/2) is (2005 M) m/s” would be ma, =F —f
1. Less than p 2. Greater than p Similarly ma,=2F—f
3. Equal to n 4. Notdependent on p f
Coefficient of frictionp ==~
R mg
KEY .
L4 )3 30 44 5 4 20. F=mgsin0+ umg cosO
: : : : : Horizontal t of f =F
63 75 . 9 1 10,2 orizonta cm;ponen of force =F cos0
1.3 12.3 13.1 14.1 15.1
21. =mg;u="-
16,3 17.4 18,1 19.2 20.4 N=mg:n=7y
21.1 22,1 23,1 24.4 251 22.  Friction force =mg sin0
26.2  27.1 283 29.2 30.2 23.  Weight on the hanging part=(M/L)lg
31.2  32.1 333 34.2 35.3 weight of partresting on the table =M/L
36.2 (L-Dg
Friction force = uR=p(M/L) (L-Dg
HINTS u(M/L) (L-Dg=M/L)lg n=1/L-1
1.  Work energy theorem 24. mg=100N -»m=10kg;
1, 1, al = 1lm/s?, a,=10 m/s’
o, my =W=FS F—f=ma,2F-f=ma,
a=—(gsin 0+ g c0s0) 25. Net force acting on the body = (p —p, ) mg
v2 —u?=2as Acceleration = (us -n) g=0.1x9.8
E =0.98 m/sec?
= . 26. p =Tan6
mg(sin 0+ 4, cos0) 28.  F=(mg)sinf+p, _mgcosd
F=y, mg coso 30. R+P sin@=W;R=(W-Psin0)
W=ES. f=p, R=p, (WP Sind),
3 W= 1 mv2 t, (W—psinb)=p cos 0
2 n W=p [(cosO + Hy sin0)]
4 V=g Substitute — = and 14
ubstitute =, =tand="~""
= g
r OTHER COMPETITIVE
5. a=(u, —n)g EXAMINATIONS QUESTIONS
6. a=g(sind+p,_ coso) 1. Finq the dista_nc;e_ trave'lled by a body b@fore
7. p=tan coming to rest ifit is moving on arough horizon-
9' 290k tal surface with a velocity 36 km/hr and the
- K , & . coefficient of friction between the body and the
K" =2glsing surface is 0.2 (g=9.8 m/s?)? (IIT 77)
10. Frictional force =umg 1.20m 2.255m 3.30m 4.None
1. pmgcos O x2=mgsin O 2. Ablock of mass 2kg rests onarough inclined
my? plane making an angle of30° with the horizon-
15. T K me tal. If = 0.7, the frictional force on the block is
) IIT 80)
16. mv__ u, mg 1. 98N 2. 0.7x098x /3N
g 2.98x 3N 4. None
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A 40kg slab rests on a frictionless floor. A 10.  Onthe horizontal surface ofatruck ablock of
10kg block rests on the top of the slab. The mass lkgisplaced (u=0.6) and truck is mov-
static coefficient of friction between the block ing with acceleration 5 m/sec®. The fractional
and theslab is 0.6, while the kinetic coefficient force onblock will be
of friction is 0.4. The 10kg block is acted 1. 5N 2.6 N 3588N 4. 8N
upon by ahorizontal force of 100N. Ifg=9.8 11.  When abicycle isin motion, the force of fric-
m/s?, the resultant acceleration of the slab is tion excreted by the ground on the two wheels
(NCERT “ 82) is such that it acts
1.0.98 m/s? 2. 1.47 m/ 1. in the backward direction on the front wheel
g2 and in the forward direction on the rear wheel
3 1.52 m/s2 4. 1.1 m/s> 2.1in the forward direction on the front wheel
A block has been placed on an inclined plane. anq in the backward d.i rect.ion on therear wheel
The slope angle elcj)f the plane is such thP;lt the 3. in the backward direction on both the front
block slides down the plane at constant speed. and. rear wheels o
The coefficient of kinetic friction is equal to 4. in the forward direction on both the front
(CBSE * 93) and rear wheels
1. Sin 0 2.CosO 3.g 4.Tan6
A long horizontal rod has a bead which can KEY
slide along its length and initially placed at 1.2 2.1 3.1 4.4
adistance L from one end A of the rod. The S.1
rod is set in angular motion about A with con- 6.2 7.1 8.3 9.3
stant angular acceleration a. If the coefficient 10. 1
of friction between the rod and the bead is pn 11.1
and gravity is neglected, then the time after HINTS
which the bead starts slipping is 4. Downward force must be equal to upward force
P 1 so mg Sin 6 = mg cosb.
1. = )= 3T Therefore p="Tan6
o Va \/,u_a 5. For equilibrium, me?L =map
4. Infinitesimal L(at)?=Lap
On arough horizontal surface, a body of mass
2kgisina velocity of 10ms™'. Ifthe coefficient 2= H ort= \/z
of frictionis 0.2 and g= 10ms 2, the body will @ o
cover adistance of (MP PMT 1999) 2
1. 10m 2. 25m3.50m 4.250m 6. The covering distance by abody s=
Maximum value of static friction is 2ug
1. Limiting friction 2. rolling friction (10)°
3. static friction 4. normal = T -=25m
reaction 2x0.2x10
When a body of mass ‘M’ slides down an in- 8. Workdone w=FS =p RS
clined plane of'inclination 6, through a distance H, mgcosh . S
‘S’, the work done against friction is 9. Because lesser force is required maintain the
1. Mg (“k cosO —sinB)S  (BHU Med-1999) motion of a body, than the force required to
2.1, Mgsin® S start the body from the rest
k 10, F=ma=1x5=5N
3. w MgcosB S 4., MgtanB S
A static friction is
1. Equal to dynamic friction
2. Always less than the dynamic friction
3. Always greater than the dynamic friction
4. Some times equal to dynamic friction
sk kosk
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