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Newton's Laws of Motion & Friction

3@ W€ TH chapter § mains or
advance weightage & %1 Terdt od
FHET Mains 3 B 911 389 question
I8 S € but advance ¥ =g € &4
question I8 T & but T mechanics
&1 3 fundamental chapter 2 it T

physics H use 2T, so 39 chapter
1 gk § 1

INERTIA

% It is the tendency to resist the change.

% Itis the property due to which a body wants to be
in state of rest or in uniform motion in a straight
line.

% Mass is the measurement of inertia.

Momentum

It is the net motion contain in the system.

3@ WE a1 ¥ ¥4 98 <@ kissi body a1 system
momentum FekTe 1 qleT Bl 21

—
Pbody = Mbody Veom of body

—> —>
Psys'rem = Msys’r. Veom of syst.

Force —— Push or Pull
Types of Force

6m; m,

I"Z

1. Gravitational force > mg,

2. Electromagnetic force

Tension force, Normal force,
Friction, Electrostatic force,
magnetic force etc.

I 89 12th

3. Strong nuclear force }
class & &I

4. Weak nuclear force

151’

Newton Law (Law of inertia)

% A body continue to be in state of rest or in state
of uniform velocity (st. line) until or unless net
external force acts on it.

Newton Second Law
- d?
F net = F

ext

Q? ) dmv) oV _ dm

net = M=tV —
ext dt dt dtv
If mass of system is constant then

<—> > mdv.
Fne'r = —— "Mma
ext d'f

3 TUH Foad & W S8 F = ma 7@
T < S rocket propultion @ mass
variable B € df =& F = ma &l @
Hehd|

¢ If m — Const

=
P=mv’

Newton Third law

% For every action there is equal and opposite
reaction at the same time, simultaneously of the
same nature.



% Action and reaction simultaneously @ & THfeT

we can't say &1 % action & 3 % reaction. SR FK  body ki;Si L
% Two different body event. TR W e Tt N
surface s ¥ contact/touch X
SKC W & @ 3§ body W body ®1 TF
AP PPFPPPFPFPFPFEFCF normal force @M 3@ I TA Hel
DA RO BRI BRSO B0 B B O SO B B0 RO mg I &l T Bez 315 9 only
According to this Ia\w TR ATBW . normal force F1 a1 FT @ 3
force e F > @1 B off A ™ =99

force @mm@m F, of same nature at

same time ., @ & earth = block ™ N

(38 A F A% Fell 95w emwr) £ f

TN—/ (normal force) &
Block, earth & contact @ © df earth #t di block

m
— e % contact W & Hence, earth block i touch =X
N W@ ® @ earth W it normal & S block wrmam|
N = mg
mg Ear’rh L block
Z& normal 3R mg action reaction pair & 21 /\
(Achon r‘eacflon
pair)

%l?vﬁ 98 mg, normal, tension
force g = T

‘ N~ > lock 3 earth

L AT
GRAVITATIONAL FORCE
=4 Block = = incline plane =
(b) S
0

mg (I earth 7 mass T TN) (©)
99 @ mg #I direction towards the centre of earth 2 O

S8 &9 gravitation ¥ detail & WA ”\N ”\N
| Block =% earth W | Draw the FBD of Block
L AmE A A mg |
force @ e &I SKC

2 9 9 %9 9 9% 9 9 9% 9 % 92 2 9
9 9 93 9 J 9 9 3 9 9V V9

=79 ¥ g <l FBD (Free Body Diagram)
I 1 Hae™ € 59 body T ¥W FBD

NORMAL FORCE
T ® § 39 W o 9 ER external

% It act towards the body perpendicular to the | RRINSREEEIEEEENCIoY: M GCIoCIl
surface. W AT force TN W ® TH THH wIE

% Pushing nature. Hes T

@




Q. Draw FBD of all the block in following cases.
(a)

e
T
TN mz
o .
ng

7@ <t block equillibrium ® & df & block ™
we can say

net T a1l force = net == dTeT force
N; =myg N,=N;+m,g = N,=mg+myg

(b)

?Mzef M,
F M, N

I

§ Since, both block
are in equillibrium so

SR 9 force = =
wall o force and 3T
o force = aT¢ ol

force
N;=mg

M, M,

JNGRPE N

F=N'
N’:qull
F=N'=N

N, = m,g

wall

Q. A cylinder of weight W is resting on a V-groove
as shown in figure. Draw its free body diagram.

Sol. @
N, - \Nz

mg

Newton’s Laws of Motion & Friction

TENSION FORCE

% Itact away from the body towards string.

% It is a pulling force.

Q. Draw FBD of mass in following case.

(a) mji‘“m
massless
string

Here if string is massless then ‘rensmn at every
point is massless

Q. Find tension in each string if all string are mass

less.
I Tl
T,=T,+50..()
Both block are in
Bk = |
[E 50 T, ! equillibrium so I =Tt
T, i force = < =t force
10k i
(5] T, =100 .....(ii)
100 Solve (i) and (ii)
T,=150

& ¥ detail @ @ g3 At W fora Uz @ ® 9E 4
T 38 direct #X, W el THT 1 Uehg <@ A4 fomaan
mass @ 8 (15 kg so, T, = 150) similarly = areft
W F ThE T tension T

= 150 T, =500
5kg 5kg
VT2 = 100 A T, =450
) ig)
30kg




Q. 10 kg block is suspended through a string of
mass 20 kg as shown in figure. Find T,, Ty, T.

Sol. 1@ e tension T8 & @I 3Tk 4 total foam

mass 21
A
20kg T =100N
B
° W mid T, = (10 + 10)g = 200 N
¢ T,=300N
10kg
Q.
F
E massless T,=150
b T, = 200
10kg T, =250
¢ T, = 350
i 1 10kg (mall =it T=i) T = 350
T: = 350

Mall STt TE 318 Aol mass areit Tt

Q. A block of mass m is attached with two strings
as shown in figure. Draw the free body diagram
of the block.

Sol.

EQUILIBRIUM ot Hare

SKC

2 9 2 2 92 9 9 9 9 %2 %2 9% 9 9

D99 9 9 9 9 9 9 9 9 2 9 9D
3R body equil ¥ & O TIH WEw ¥Rl FBD TIeH
TR forces ® X-Y axis ¥ deal R fF F . = 0
FLE Hddd FW a1 force = A= a1t force, left @
force = right @ force

If body is in equil
= F)m = 0 (Translational equil.)

= = =
SF,=0, =F,=0, XF,=0

Q. Body is in equilibrium find 6 = ?

% HA A A
ques. fr=at 5
9 ¥ 4 9%
mains 7 BT

Tsino = 80
TcosO = 60
80 4

60" 3

tano =

Tsin53° = 80

mg = 60 T - 100
or after solving we got T = /F? +(mg)*

M-2 Lami theorem

Tsin® <«---

- = -
If F,+F,+F;=0, infollowing case.
F, F,
Fl _ FZ _ F.3
sing,  sinG, sind,
F3
Let's solve last ques from lami theorem
.
0
80
180-6 80 I 60
sin(180 - 6) sin90  sin(90 + 6)
60 Hﬂ_/
80 _ 60
sind ~ cose

_ 80 _
tano = 60 =06:=53

9% g @ I lami theorem wfea method = 7
bcz 1 df T feel Wt ® 3R time Sa1 & @R
T FE1 o & @ el g O ° o aaen 1 g
So, i will suggest %1 component @, force
equate F%h solve F|




Q. Sphere is in equil find force applied by inclined
plane in following figure.

Equilibrium
10k

Sol.

mg = 100

N;cos 30 = N,cos60
N, sin 60 + N, sin30 = mg = 100

Now you can solve and get N, and N, 3 7 &3
@ lami theorem ¥ answer verify X &I

3@ 9 ques. H string ™ tension T8 & T qlrhT Bl

% reading of spring balance similarly normal gs+ T
T k1 BT € reading of weighing machine

@

Spring Balance

Reading of spring balance
System = T = 100N

@
2] (=20

g weighing machine

Reading of weighing machine = N = 200 newton

Newton’s Laws of Motion & Friction

Q. Reading of weighing machine in following.
250
In
0

lF =250 N
weighing machine

Reading of weighing machine will be 15
N = 250 + 150 = 400N
@D 25 kg @) 20 kg @}Okg @ 50 kg

Q. Two particles of masses 10 kg and 35 kg are
connected with four strings at points B and D
as shown in figure. Find T;, T,, T,

Sol.

Analysing the equilibrium of point D:

>F =0 orT;sin45°-T,sin37°=0 .. ()
and 3'F =0 or T, cos 45° + T, cos 37° = 350
.. (i)

Solve both eqn. and get
= T,= 150v2N and T, = 250 N

@



Similarly for equil of point B
T, cos 30° =100 + T, cos 37°
T, sin 30°+ T, sin 37°= T,
250,
get

Put value of T, =
& solve both egn
the ans.

e o U W€ Y Il calculation g¥ewet
# @fh advance & point of view ¥ 3d
TA WA A QA SR A

7

Q. A cylinder and a wedge of same masses with a

vertical face, touching each other, move along
two smooth inclined planes forming the same
angle a and B respectively with the horizontal.
Determine the force of normal N exerted
by the wedge on the cylinder, neglecting the
friction between them.

;»1
Naz cosa a, sin .
2

a, sin a N cos o

It is obvious that acceleration of cylinder is
parallel to the wedge I and acceleration of
triangular block is parallel to the wedge 2.

a, cos a. = a; Cos B . ()
[constrained relation between the contact
surface of block and cylinder]

N cos B -m; gsinp =ma, .. (i)
[Newton's IT law for cylinder along the direction
parallel to the wedgel]

... (iii)
[Newton's IT law for block along the direction
parallel to the wedge 2]

m,g sino.- N cos o = m, a,

@)

S

ol.

By solving equation (i), (i) and (iii) we get

sina.cosa +sinfcosp
N=mg > 5
cos“a+cos“ B

Q. The masses of blocks A and B are same and

equal to m. Friction is absent everywhere. Find
the magnitude of normal force with which block
B presses on the wall and accelerations of the
blocks A and B.

I
chos3271\iBsi n37°
9
B

NBW

N sin(3
a,sin37°

a, lmg
a,sin37°

7777777T77777777777777777777_

NAB

mg - N cos 37 = ma,
[Newton's II law for block B in
direction]

N sin 37 = ma,
[Newton's II law for block A in horizontal
direction]

ag cos 37 = a, sin 37

[constrained relation for contact surface
between block A and B]

By solving above three equations we get

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\l\\\\\\\\\\\

vertical

_129 29 . 4mg
%5 % 5 N s
Ngy = N'sin 37
[Equilibrium of block B in horizontal direction]
12mg
= Now= 755"

Physics @



PULLEY SYSTEM / ATWOOD
MACHINE

Ideal Pulley — massless, no friction
between string and pulley.

Real Pulley

T=50
T'=2T=100

Q.
Find m
if all mass are
in equilibrium
2T T1:100
2T=mg
2x100=m=x 10
T |m=20kg
T TN VUV TN
Q.

All masses are in equil
find unknown mass

4T T=100
q “ 2T = m,g = m, = 20kg

4T = m,g = m, = 40kg

o ¥ § kissi Th T
o tension T wHell @R %ﬁ ‘ 2T
3Tk according B W A g,

tension FRTel efiet |1 e '
T HL HIR FY BT ATehT
T # tension T, 2T, 4T
type 3TT| 39 calculation
easy &I

D

Newton’s Laws of Motion & Friction @




Q. Find acc and normal between blocks.

a a
—_— —

20N 2kg |3Kg 5N

Sol. a a
20 N N 5N
|20-N=2a | [N-5=3a |

Solve and geta=3,N=14
Method-2:
—>
(Fne) -20-5=(2+3)a
ext 15 =5a
a
—
20 2kg N
20-N=2x3

SKC

T S o= Teet R NLM 78 ® ®
3I7er faT W& @8d 81 important s
a1 @ € 5 @ w4 normal, tension
A spring force I8 A 4% @l %1 FBD
TR eqn fagt & (VVI)

Q. Find acc and normal between blocks.
a a a
—_—— >

70N, [ T3kg [Bkg 30N

a- 70 - 30
© 10

force applied by 3kg on 5kg
N [BkgJe—z5—

—
a

N - 30 = 5a
N=30+20=50

Q. Find acc of each block and tension in string.
a a

— —
2kg 3kg 100N

Newton’s Laws of Motion & Friction

=4

Sol. [2kg}—>" <«—{3kg]—= 100
e

a
T=2a| [100-T=3a |

Solve and get a=20and T = 40

a=20
T=40

| [Pkg]—[3kg}— 100N
100-0
0= 2573

=20
T=2a

Fgl— 1o
T T, T
I 1 S 7y Ky B

Sol.
o 70-0 4
4= 2+3+2
Ti
_— T1=2xa=2x10220
. “ T,-T,=3a
L {3kg] T, T,-20=3x10
— T,=50N
40N | :

Sol. _100-40 _
T =12
40 T T-40:=2x12
—>—0:12 T=64
a a
R —_——
2 T T
Q. {2k}~ fakg}—{Bkg}— 100N

find T, &T,

Sol. = 100-20 _ -T, =

ol. ¢ 5335 -8 100-T,=5x8
onzes

«83)



Sol.
Vi
N -
< m
ma
(Pseudo) mg

&l = Mg < (f o

J <aq

m
N = ma (1)
Mg = (f)yex = HN
mg = uma

G:E

Answer for both the (a) and (b) is same and

g9
equal to m

Angle of Repose/Angle of Sliding

IR # SR I image T T T H FR IS T
HAed O increase HI % df 59 angle ™ 3 mobile
just = fFEET start 8 STCT S angle &1 &7 frger
I angle ®&d € e @ angle of sliding.

Newton’s Laws of Motion & Friction

A block of mass m is at rest on a rough incline plane
making angle 6 with horizontal. The angle 6 at wedge
block is just about to slide down is called angle of
repose.

When block is just about to slide

(£ max
W®
o
o
0
mgsing = (f,),qx = HsMgcoso
U, = Tand

0= tan™ (1) = angle of repose
If 6<6, = Rest
0> 6, = Slide down

*

tano =p, = 1

B

6, =30
0 < 30 = Block Rest
0> 30 = Block Move

Angle of Friction
C Resultant of N and (f,), .,

N
E\ A
F \9Q angle f
—
(F-Jnox l
(fs)
tano = stax mg
0= ‘ran‘l(us)
uN
tano = T

105



mg

Netcontact force = 1, N? + F2

—>V (move)

10kg
fi = umg

f, umg
0=ﬁk=T=M9(‘ﬂ®)

*

Stopping distance f&mer = fT 3rd eqn of
motion @l 07 = v2 - 2(ug)x

% When block is moving up along the inclined

ma = mgsin® + [, mgcoso

a = gsin® + ugcoso
RIES

% When block is moving down along the inclined

@
s
min value of F so that block slide up.

Fnin = Mgsin® + (f ), .«

{ Frnin = Mgsing + pmgcose. |
X

*

min value of F to prevent the block sliding
down

F + (f)max = Mgsin®

[ F = mgsin® - umgcosd J

Q. In following fig. Find distance travel by block
before coming to rest.

20m/s _
Sol. Ve=0
10kg
L‘L = 4 < X >

a=ug=4(q:|@)=cos‘r.
0%=(20)%-2 x4 x x

x=50m

Q. In the given fig. block is projected along the
rough incline (u = 0.5) with speed 50 m/s. Find
distance travel by block before coming to rest.

Physics @
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