Newton's laws of motion /

/\B

SOLUTIONS OF NEWTONS LAWS OF MOTION

EXERCISE-1
PART - |

SECTION (A) :
A-1.  Gravitational, Electromagnetic, Nuclear.
A-2.  Newton's llI'M Law
A-3.  Newton's lI"® Law
A-4.
N
NI
mg
Vertical wall does not exert force on sphere (N' = 0).
=
Wl 10N
A-5
ZT 10N
3l Mg
4T N
m
6 | Mg
For block
mg =10 +N [Equilibrium]
= 1x10=10+ N
= N=0
(1) and (2) are action reaction pair
(3) and (6) are action reaction pair
(4) and (5) are action reaction pair
A-6.
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Newton's laws of motion / ﬂ—

Action reaction pairs (1) and (2)
(3) and (4)
(5) and (6)
(7) and (8)

m, |
2
777, 7777 TITITTTTTIIT
A7 () l
m,g m.g
(LY
T
NT
N, >
N m, >T’ m, >F
12 NIG Nze
(d) i (e) /i 1/// 1177 ///I 17
m.g (g m.g m.g

. N,
0]
m,g
AN
m.g
SECTION (B)
lF =mg
B-1.
¥
AN
N=F+mg [equilibrium]
= N =mg + mg
= N = 2mg
B-2.

—»F m1g¢ <—N N, ¢ m.g <i

th nf
It is obvious that both blocks will have same acceleration. If we take both block as one system then.
{Newton‘s second Iaw}

F-F=(mi+m2)a _ _ o
in horizontal direction

= a=0
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Newton's laws of motion /

B-4.

Now take m1 as a system
Newton's second Iaw}

Ln horizontal direction

F-N=m:a
= F-N=0
= F=N

mig—N1=0 [Equilibrium in vertical direction]
Now take mz as system
Newton's second law
N—-F=m2a . . . .
in horizontal direction

= N—-F=0

N=F
mzg —N2=0 [Equilibrium in vertical direction]
= N2 = mzg

The sphere is in contact at two surfaces one at wall and one at ground.
So one Normal reaction can be exerted at A and another at B.

Nw =0 [Equilibrium in horizontal direction]
Ne—mg=0 [Equilibrium in vertical direction]
= Ne = mg

9N, =

] ¢mg =

- N, =

[EETTEETTT LT
B
N cos 60°
N

N

60°

Due to symmetry normal reactions due to left and right wall are same in magnitude
W —-Ncos60—-Ncos60=0 [Equilibrium in vertical direction]

= W—E—E—O
2 2
= N=W

AN
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Newton's laws of motion /
B-5.

= Na = mg
cos 30
:> NA= wN

Ne—Nasin30=0

= NB = Na sin 30

1000 1
= Ng= —— =
3 2
= NB=@N
3

N

B-6. Ni1cos30°=50+—2%
N7
Nlﬁ_&: 50
2 2

/) 20

[Equilibrium in vertical direction]

[Equilibrium in horizontal]

Ni sin30° = —%

%“Z

Ni= \/E N2

Solving equation (1) & (2)

N1=136.6 N
N2 = 96.59 N
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Newton's laws of motion /

SECTION (C) :
C-1.
10N =
]
10N T1 TW T? Tz T3
<« > «—{—— +—» «———  +—»
A B
T1-10=0 [Equilibrium of A]
Ti=10N

C-2.

Similarly T2 and Tz are also 10 N

(a) 10 N (b) 15 N

LI

3

5

w
AAAARRANARANRRNRRARRN RN

v c
1kg
Tc-10=0
= Tc=10N
Te—Tc—-5=0

= Te—10-5=0
= Te=15N

Ta—-Te—5=0
= Ta=20N

(c) 20 N
Ta
1% mg =35
Ts
Ts
2 é mg=>5
Te
TT

[o}

3

I

img:10

[Equilibrium of block]

[Equilibrium of 2]

[Equilibrium of 1]
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Newton's laws of motion /
C-3.

LI P
N
T,
0.3 kg T,
"
T,
0.2 kg 12
T2-2=0 [Equilibrium of lower block]
= T2=2N

T1—T2—3=0 [Equilibrium of upper block]
= T1=5N

C-4.  For finding distance travelled we need to know the acceleration and initial velocity of block.

T T
T T
UL B L
3 kg 6 kg ¢
i i
m.g m.g
mzg — T = mza [Newton’s second law for mz]
T —mig =ma [Newton’s second law for mi]
mz2g — mag = (M2 + my)a [adding both the equation]
= a= (mz — ml)g
m, +m,
= — 3 X g
6+3
a :g: E m/s?
3 3
s=ut+ 1/2 at?
=0x2+1/2x10/3 x 22
S :2 m
3

T-mg=m,a
T:ml(g+%j:3x40/3 T=40N

Force exerted by clamp on pulley is 2T

= 2x40=80N
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Newton's laws of motion /

C-5.
T,
T, T
T4 Tz[ JTa
F v
mg
T1=F [Equilibrium of string]
T3 =T [String is massless and pulley is friction less so tension must be same on both sides of string]
= Ts=F
Similarly T2=F
Ts=T2+Ts [Equilibrium of lower pulley]
= Ts=2F
Ts=mg [Equilibrium of block]
|:1=T2=T3=m Ta=T1+T2+Ts
[Equilibrium of upper pulley]
=Ta= m
Section (D)
D-1

V, cos 6,
Since string is inextensible length of string can’t change
Rate of decreases of length of left string = rate of increase of length of right string

Educating for better tomorrow

= V1 cos 61 = V2 cos 02
V, cos6
— 1 = 2
Vv, cos 6,
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Newton's laws of motion / ﬂ—
D-2.

1—V,

2—>
TEEErrrrrrrrrrrrrrrrrrrrrrrrrrrrrry

Velocity of point 1 is V1 which is 0 because string is fixed.

Velocity of point 2 is V2

2 =y
2
0+V, _ U
2
V2=2u
D-3.
V,
_>V2 —» @

Va = Vl%vz [Pulley 1]
Vi+V2=2VA ccoeriinnnnn |
VatVi_y, [Pulley 2]
Va+Vi=0 .. I
= V1=-0.6
—0.6 +V2=2Va
Vo=2x0.6+0.6
V2=1.8m/s

Ve =V2=1.8m/s

D-4. tan37°= 2n (wedge constrained relation)
B

N sin6
> N
N cos6
Nsin37°=mas ... (@)
ForRod -»>mg—-Ncos37°=maa ... (i)
From equation (1) & (2) aa= g_g a3=@
25 25
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Newton's laws of motion / ﬂ—
D-5.

T10 m/s

-20 m/sT l T1O m/s

20 m/s
V1= % [constrained relation of P4]
Vi=-5m/s
10= 2+Ve
2
V2a=25m/s T

Ve = V2 = 25 m/s upwards
Ve, =V1i=-5mls

= Vp = 5 m/s downward

[because we have assumed upward direction as +ve for Vi]

E ¢ 1 —>»p
Z ¢, a
Z )

D-6. Z :

L

l1+ 0= C
/1" +02=0
b-a=0 a=b

Acceleration of A bi + b]
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Newton's laws of motion /

SECTION (E)

E-1.

E-2.

E-3.

T,

60 N 60 sin 45

60 cos 45 |B

60 sin 45 60 N wW

Since point A is massless net force on it must be zero other wise it will have « acceleration.

= F1—60cos45=0
=  F=30V2N
F2—60cos45=0
F,=30 V2 N
W-60sin45=0
W =302 N
£ —ma
a= axf+ay]
ox, dy ;
dt? dt?

=(10) i + (181) |
att=2sect=2sec

a=10i + 36j

F =3 (10} +36))

= 30i +108]

Fl= 30°+108° =112.08 N

.
: 1
<@

| m1Ta

Fe—] m, |—>T l

TTTTTTITTTT T ITTTTTTTTT] T m.g

It is obevious that acceleration of both the blocks is same in magnitude.
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Newton's laws of motion /

F-T=ma [Newtons second law for mz]

T—-mig=mia [Newtons second law for mi]

After adding the above equations.

F —m1g = (m2 + mi)a

mg
2

=

—mig = (M2 + mi)a

mg
2(m, +m,)

The value of ais —ve it means

= m9 in the direction opposite to assumed direction
2(m, +m,)
F
E-4. R4—mg=ma aT mg = 1N
R,
R,
Re—1=0.1x 2 aT mg =N
R,
R,
Rs=12N aT mg = 1N
R,
R,
Rs —mg - Rs=ma aT mg = 1N
R,
R,
R3—1-1.2=0.1x2
aT mg = 1N
= R:3=24N
Similarly
R2=3.6 N
R1=4.8N
F=6N
Fret = ma
=0.1x2
=0.2N
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Newton's laws of motion / ﬂ—

E-5.  [dp =pr—pi= [F dt=Areaunder the curve.
pi=0
Net Area16 —2—-1=13 N-s
Vi=13/2=6.5im/s
[As momentum is positive, particle is moving along positive x axis.]

E-6. (a) When the block m is pulled 2x towards left the pully rises vertically up by x amount.
.. as = 2aa
F.B.D. of blocks

T=m2a ... Q)
F.B.D.

FBD of A,

N2T

Alzmfia

2mg

2mg—-2T=2ma

mg-T=ma ... (2)
(1) + (2) = mg = 3ma

a=g/3

) as = 29/3

(b) £ =xs + 3Xa

2 2
_adxg + d°x,

= 0

dt? dt?

3mg
= O=-aBs + 3aa
= aa=3aa . (1)
For B,
T=mas ... (2)
For A,
3mg-3T=3maa ... (3)

mg—T =maa
By (1), (2) & (3)
as = 3g/4 Ans.
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Newton's laws of motion / ﬂ—

E-7. (a)
For Block (A)

50N 30°mgsin30°
T=50N .. (2)
For Block (B)

T =mgsin30° ... (2)
" 50 =me x 10 x 1/2
= ms = 10 kg Ans.

100N=T
(b)
1B | 100N
meg

SECTION (F)

F-1. Reading of weighing machine is equal to the normal reaction Normal reaction is not affected by velocity
of lift, it is only affected by acceleration of lift.
Forl,llandlll a=0

N-mg=0 [Equilibrium of man]
N =mg =600 N

For IV, VI and VII IV, a=+2m/s?
N —-mg=ma [Newtons II law]
N=60x2+60x10=720N

For V and VIII a=-2m/s?
N—-mg=ma [Newtons II law]

N =60 x (—2) + 60 x 10 = 480 N
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Newton's laws of motion /
F-2.

lift but depend on acceleration.

ForI,ITandIlla=0 a=0
T-100=0 [Equilibrium]
T=100N
For 1V, VI and VII
T-100 =ma [Newton’s II law]
T-100=10x% 2
T=120N
For V and VIl
T -100=ma [Newton's II law]
T —100 = 10(-2)
T=80N
1
aT T
100
F-3. Initially
Tae = 2mg, Tec = mg
The T..
m m m
(a)
T mg mg
mg Tec
For A 2mg+ mg = maa = aa =39
ForB Tas—mg— Tec = mas
= 2mg—-mg—-mg=mas = mas =as =0
Tec— Mg = mac = ac = 0.
TAB
m @ m TaB
(b)
mg
Tae = 2mg
Tas —Mg = mas
2mg —mg = mas
= as=g (M

an=0&ac=g\).

/\g

Reading of spring balance is equal to the tension in spring balance which doesn’t depend on velocity of

AN Resonance”®
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Newton's laws of motion / ﬂ—

SECTION (G)
G-1.  If we take both A and B as a system then there is no external force on system.

= Mmaaa + meas = 0 [Newton'’s IT law for system]
60aa+75%x3=0

= e
4

~..

SOA B
a 3m/s”
% 60kg  75kg

G-2.

; = ,

AF-(M+m)g = (M+m)a

_4AF-(M+m)g_ 4F
M+m M+m

a

-9

G3. To=W, +W +W
To= WAM +WBm +Wcm
=10(10-2) + (15 x 10) + 8 (10 + 1.5)

=322 N Ans.

SECTION (H)

H-1. Pseudo force depends on mass of object and acceleration of observer (frame) which is zero in this
problem.
= Pseudo force is zero.

H-2.

F.B.D. in frame of lift

It is obevious that block can accelerate only in x direction. ma is Pseudo force.
= mg sin 6 + ma sin 6 = max [Newton's II law for block in x direction]
= ax=(g+a)sind
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/\g

Newton's laws of motion /

PART - I

SECTION (A)
A-1. Force exerted by string is always along the string and of pull type.

When there is a contact between a point and a surface the normal reaction is perpendicular to the

surface and of push type.

A-2.  The ground on the horse

S
—_— >
SECTION (B)
&
a1
2m ’
F N
B-1. —> < m
—
N
A B
F—N=2ma, [Newton's II law for block A] N = max
[Newton's II law for block B]
= N =F/3
a?_
D
aZ
2m <«
N m
o N F
> e—
A B
N =2 maz [Newtons II law for block A]
F—N=mza [Newtons II law for block B]

= N =2F/3 so the ratiois 1: 2

B-2.
L}.
a
2 kg — >
6N N 1kg
S <t N 3N

Both blocks are constrained to move with same acceleration.
6-N=2a [Newtons II law for 2 kg block]
N-3=1la [Newtons II law for 1 kg block]

= N = 4 Newton
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Newton's laws of motion /

SECTION (C)

C-1.

C-2.

C-3.

T T cos0O

T sin®

mg

Point A is mass less so net force on it most be zero otherwise it will have « acceleration.

= F-Tsind=0

= T= F

sin_ 0

[Equilibrium of A in horizontal direction]

[Equilibrium of point A]

When string become straight 6 becomes 90°

150 N
TcosO+Tcosd—150=0
2 T coso =150

75
cos 0
= T=w
T, T,

R

la B| V30 ¢3oCTa

I
"
la Al Y10

10-Tz2=1a [Newton’s Il law for A]
T2+30-T1=3a [Newton’s Il law for B]
T.:-30 =3a [Newton’s Il law for C]
= a=g/7

= T2=69/7
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Newton's laws of motion /

C-4.
i

¢12g T a=22m/s’

"
TTz

T a=22mls’
¢8 g

T2—8g=8a [Newton’s Il law for 8 kg block]
= T=8x%x22+8x%x9.8

=96 N

Ti—12g-T2=12a [Newton’s Il law for 12 kg block]
= T1=12%x22+12%x 9.8+ 96

T1=240N

C-5.
T T

g
| e

Mg -T=Ma [Newton’s Il law for M]
T-mg=ma [ Newton’s Il law for m]
= T=
fm<<Mthanm+ M= M
r-2.m Mg
m+M
= T=2mg
Total downward force on pulley is 2T = 4 mg.

=

SECTION (D)

D-1.

o
S
2

>

u cosf

The length of string AB is constant.

= Speed A and B along the string are same u sing =V
usino=Vv u= _V
sin 0
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Newton's laws of motion /

1~

2

D-2. A=2

D-3.

By symmetry we can conclude that block will move only in vertical direction.
Length of string AB remains constant
.. Velocity of point A and B along the string is same.

VcosO=u =

D-4. Let AB=/,B=(x,Y)
\73 =Vx’i\ +Vy]
sz\E ’I‘ +Vy]
X2 +y2 = (2
2XVx+2yvy=0

= \/§ + (tan60°) vy =
Hence from (i)

Vo= V3 0 —j

Hence ve =2 m/s

D-5.

2m/s
v]

B]
4m/s|

u
cos ©

- (i)

= \/§+¥Vy:

0 = vy=—1

V = (velcoity of B w.r.t ground)

V-4

— =2 V =8 m/s (velcoity of B w.r.t ground)

2

V' = 6 m/s (velcoity of B w.r.t lift)
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Newton's laws of motion /

D-6. u cos 45° =v cos 60°

or v= 2
SECTION (E)
E.1 F=ma

~ dv

a=—

dt
E2. F=-ma
E-3. In free fall gravitation force acts.
E-4.
T T
%I ‘TQ‘

M, gsina A B M, gsinf3

M2 g sina— T = M2a [Newton’s Il law for M2]

T—-Migsing = Mia [Newton’s Il law for M]

By adding both equations

a= M, sina—M, sinf g

M, + M,
E-5. Case 1
T, T,
a, T l a,
T, T, mg 2mg

Ti1—mg=maz
2mg—-Ti1=2mas

[Newton’s Il law for m]
[Newton’s Il law for 2m]

Educating for better tomorrow

= a1 =09/3
Case 2
F
2.t
F F=2mg mg
F—-mg=ma: [Newton’s Il law for m]
= 2mg-mg =maz = a=g = az>a
®
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Newton's laws of motion /

E-6.

E-7.

E-8.

E-9.

E-10.

E-11.

4 m/s’
—

m, [—>F

F=mi14
F=m26
F=(mi1+m2a

= F:E+E a
4 6

Due to symmetry we can say net force on body M is 0.

6 m/s’
—>

m,—>F

[Newton’s Il law for ma]
[Newton’s Il law for mz]

[Newton’s Il law for (m1 + m2)]
= 1= |:1
4

Acceleration is O

mg—gmg:ma
4
= a=og/4
F=6 i -8 j+10 k
F=ma

-

=

!

=m |a

6> +82+10°=m 1

[Newton’s |l law for man]

m = 10+/2 kg.
0*=r+2 — X
m

v =0v’+2 as

m 2 F

=

1 —
0=9+ & (—mj =  Fl=¢F

E!TT
<« M

0
LTI777777777777777777777777777777777777777777777 7777777777777

Mg sind — T = Ma
T=Ma

[Newton’s Il law for block 1]
[Newton’s Il law for block 2]

By dividing both equations

2 T = Mg sin6

Mg sin6
2

T=

a=24m/s2

AN
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Newton's laws of motion / ﬂ—

SECTION (F)
F-1.
TT T T
fY' — '?qv
T T
T @T
mg = 10 mg =10
T-mg=0 [ Equilibrium of block]
T-10=0
T=10
Reading of spring balance is same as tension in spring balance.
_a _ &
F kx kx
F-2. —» M, «— —> M,
kx kx
—_—
F—-kx =mzaz [Newton’s Il law for M]
kx = mzaz [Newton’s Il law for M2]
By adding both equations.
F = mia1 + meaz = a = m
m2
a
—_—
T T T
F-3. 2 kg > <« JHEEIIII———>

O O

Reading of spring balance is same as tension in the balance.
= T=10g =98N

T=2a
[Newton’s |l law for 2 kg block]
= a =49 m/s?

F-4. Weight of man in stationary lift is mg.

|

mg—n=ma [Newton’s Il law for man]
= N=m (g-a)

Weight of man in moving lift is equal to N.
,_mg _3 - az9

m (g—a) 2 3

N

mg
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Newton's laws of motion /

F-5. N=m(g-a),N<mgifa®)
N=m(g—a)N<mg
and N >mgifa (1)
Reading of spring balance is less than m
if a () and reading of spring balance is

4

mg
N
greater thanmifa (1)
SECTION (G)
G-1.
10 kg 20 kg
O—TN— )—> 200w
_> _»
12 m/s® &
F = miai + mzaz [Newton’s law for system]
200=10x12+20x a a=4m/s?
a1
o
m, F
20kg[— > F
G-2.
m, = 30 kg
F = 180N
F=mlal [Newton’s Il law for m1]
180 =20 a1
= ai =9 m/s?
Net force on m: is 0 therefore acceleration of mz is 0.
SECTION (H)
H-1.

ma cos 37

mg sin 37 —ma cos 37 = map

= ab=gsin 37 —acos 37 =10 x 3/5 -5 x 4/5 =2 m.s? w.r.t. wedge

FBD of block is shown w.r.t. wedge and FBD of wedge is shown w.r.t. ground. Fp is pseudo force.
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Newton's laws of motion /

H-2.

=

Block is not stationary w.r.t. wedge

N —-masin 37 —mgcos 37 =0 [Newton’s Il law for block]

N=1x10x4/5+1x5x3/5
N=11N.
Net force acting on block w.r.t. ground.

N

mg sin 37

mg cos 37

F= \/(mg sin 37 + (mg cos 37-N)
3 2 4 2

2\/ [10xgj + [105—11j = /6% +32

F= 3 J5N.

_—
a

F.B.D. of wedge is w.r.t. ground and

F.B.D. of block is w.r.t. wedge.

Let a is the acceleration of wedge due to force F.

Fp is pseudo force on block

mg sin 30° —ma cos 30°=0
F=(M+m)a

=

F = (M+ m) g tan 30°.

[Equilibrium of block in x direction w.r.t. wedge] a = g tan 30°

[Newtons Il law for the system of block and wedge in horizontal direction]
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Newton's laws of motion / ﬂ—
H-3.

Acceleration of point A and B must be some along the line L to the surface

= a sin 6 = g cosO
a=gcot0

PART - Ill

1. Let a be acceleration of two block system towards right
— Fz _Fl
- m, +m,

a
—

The F.B.D. of mz is T
Fo—T=mz2a
: F, F
Solving T = M[—Z + —1]
m,+m,\{m, m,
(B) Replace F1 by — F1 is result of A

T mom [F_z_i]

m,+m,\m, m
(C) Let a be acceleration of two block system towards left
— Fz _Fl
m, +m,
a
b
y - <—F
The FBD of mzis N

.. F2—Nz2=mza
: F F
Solving N = M[—l-i-—zj
m +m,\m, m,
(D) Replace F1 by —F1 in result of C

No MM, [i_i]
m+m,\m, m,
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Newton's laws of motion /

kx/2=T KX

m

l T T

mg 2T = Kx
T=mg

F.B.D of pulley
AT
T
m
Kx T \
mg
T = kx . T=mg, T = kx+T=2mg
F.B.D. Block A
T kx
m
kx=mg+T e, (1) I l
m
Uy
F.B.D. Block B
TT
B m
¢ T=mg ......... (2)
mg
kx = 2mg X = @
k
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Newton's laws of motion /

A lm

3
Q <+
R

F.B.D. of Lower Block (B)

By()&((@2) T=

2mg

N 5 X
> T T |
(a) Let b be acceleration of block B w.r.t. wedge
ie. ; =b asw=bcosBi —bsino]
BW
{=Xa+X2 . Q)
o ol —~ 0=—a+b
dt dt
= b=a ... 2
- & . &
Ay =acosOi —asino j
XNG = acceleration of wedge w.r.t. ground = —a [ €))
- _-> -
e T Apw Awe
" @, =(acosh-a) i —asin0 j Ans.
(b)
d’x d’x d’x d’x
{=4xg+xa=>0=4 2B + 2A ; 2A = —ans : ZB:b = 4b = ass
dt dt dt dt

AN Resonance”®
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Newton's laws of motion / ﬂ—

(c)
o _dPx, 4 = d’x,, b——dZXB
B "gr 0 T Tat P
Length = xc + X8 —Xa + C + X8 — Xa
= {=Xc+2xg—2xa+C

2 2 2
-0 dxC+2de_2dxA

dt? dt’® dt’
=0=aca—2b-2a . g =—(2a+2b)

g’ce :ng +g;G=—(2a+2b) j +ai

LA = ai—2(a+b) | Ans.

(d) Let a be acceleration of wedge A.
Acceleration of blocks A & B along normal to contact surface (shown by dotted line) must be equal.

Q’A
09/&
S a
b
o ”:% S
9 KQ
S
i.e.bsin®=acos0 a=btan 0
5; = —Dbtan e] Ans.
EXERCISE-2
PART - |
1.
N
_ Nsin®

along (- ve x axis)
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Newton's laws of motion / ﬂ—

2.

The free body diagram of cylinder is as shown.
Since net acceleration of cylinder is horizontal,

Nas c0s30° = mg or Nas = mg (D)
and Nec — Nas sin30° =ma or Nec =ma + Nas Sin30° .... (2)

Hence Nae remains constant and Ngc increases with increase in a.

Acceleration of two mass system is a = ZL leftward
m

FBD of block A

N cos 60° —F =ma= r2n_F solvingN=3F
m

T sin® T sin®

2T sind =W
T =W/2 cosec 0

T1c0s45° = T2c0s45°

= T1=T:2

(T2 + T2) sind5° = mg
\ETl =mg
T1= m

N

AN
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Newton's laws of motion / ﬂ—

T sin6 = Mg +L

N

Tsino=Mg+ 9 . 0]

2
T, _ mg .
—_— == . ii
572 (i)
Dividing (i) and (i)

M+m/2 2M

tan0= ——— =1+ — Ans.
m/2 m

T cosb =

6. T=mg
2Tcosb6 =T
T =Mg
2mg cosf = Mg T

M
cosfo=—<1
’m A B

M < 2m

7. let L1 and L2 be the portions (of length) of rope on left and right surface of wedge as shown
Magnitude of acceleration of rope

% [L,sina—L,sinf] g . .
=0 (v L1 sina = L2 sing)
Z\

8. By setting string length constant Va < (i /; > Vv,
L=1/1+ 20+ 203 —C )
After differentiation L' = 0 so A
—2Va+ Vo +2vo= 0
= 3vo=2va

a=

M

v

3
VA= —Vo
2

VAB = VA— VB

= V—2° towards right.

y =16 cosb

V:%:—ZOSH’IO@ = u=—
dt dt dt

o
<
oS
— | D
(S NN
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Newton's laws of motion /

10.
f
la
w
w—f=ma w-ma=g
W{1——a}:f w{1—ﬂa}:f w{1—5}_f
w mg g
11. Legnth of groove = /3 + 4> =5m
Acceleration along the incline = gsiné = g sin 30° = g/2
Acceleration along the groove = g/2 cos (90—a) = g/2 sina = %x g = 4m/s?
v2 =2as
v=42x4x5= 40 m/sec.
12.
(Force diagram in the frame of the car)
Applying Newton’s law perpendicular to string
mg sin6 = ma cos 6
tan 6 = 3
g
Applying Newton’s law along string
= T-myg’ +a’ =ma T=ma\fgz+a2 +ma Ans.
13.
T, =900N
[ta
300N Mg
900 -300-m x 10 =ma 600 =m (10 + a)
600
10+a
600 _ m = 600 _ 30 kg.
10+10 20

AN Resonance”®
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Newton's laws of motion / ﬂ—

14.

15.

16.

For first case tension in spring will be

T, =2mg
;
Ts=2mg just after 'A'is released. 9
2Zmg-mg=ma=a=gdg
T.= mg
B lb

In second case Ts=mg 2mg

2mg —mg = 2mb
b =g/2
alb=2
Tsind = m (g sina + ao)
T cos® = mg cosa

- A (gsinowa()]
gcosa
o = tan (gsinowraoj
gcosa
Slope of vrel — t curve is Constant.
= arel= Const. ma1—a2# 0

Inference that at least one reference frame is accelerating both can’t be non - accelerating
simultaneously.

PART - I
Naz Cos a a, sinB
a;
. Va, | i'
; sin o N cos a

It is obvious that aceleration of cylinder is Il to the wedge | and acceleration of triangular block is Il to
the wedge 2.

az casa = a1 CosP [constrained relation between the contact surface of block and cylinder]
N cosf —mau g sinf = miau [Newton’s Il law for cylinder along the direction parallel to the wedge1]
M2g sina — Ncosa = mzaz [Newton’s Il law for block along the direction parallel to the wedge2]

By solving equation I, Il and IIl we get

sina.cosa + sinfcos

=g Sc050 S cos
COS“ o +COoSs“ B

j: 5N Ans

AN
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Newton's laws of motion / ﬂ—

2.

5.

A F sina
F
a S
F cosa
Tn A

s

mg—N-Fsina=0 [Equilibrium of block in vertical direction]
at breaking off the contact N = 0.

= F sina = mg
= at sino. = mg
m

= t= —g

a sin a
Fcosa=mA [Newton’s second law for block in horizontal direction]

dv

= atcosa=m rm

__mg
a sina

K a cos
de:—a t dt
] m (]
a cos ot?
= V=————— e 1
m 2

2
After putting time limits v =29 €95 &

2a sin®a
equation | can be written as dx A t?
2m
X t 3
jd (o COSOLItZ at = 2 cosa t°
: 2m 2 m 3
28
After putting limits. x = w
6a® sin” a

Vet _A+Y  4+2

Vnm = = = =3
2 2 2

o? 1
aA :—g = —

dt 2
as = 8aa by constrained relation
as = 4 m/s?
aT I}l

T

T T
T

[ J T T

aAT Ll__l [b laB
50
100

AN
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Newton's laws of motion /

2an=a+ as

2an=3 + aB

2T — 100 = 10aa

50-T =5as

= as+aa=0
2aa—3+an=0
aa = 1m/s?

= as = —1m/s?.

Pl

2m

—>T
A 2T 2T ( i
F a’
% aA P
é T

;<2
@

2T

S TJ_CJT
y -
(0] (e}

<l — ' B
-
as
2T
<o 4m
P —
aB

as +a =2aa [constrained relation for pulley 1]
O+a' =2as [contrained relation for pulley 2]

From above two equations
3as = 2aa

3
—aa=—as I
2
F—2T = 2maa [Netwon's Il law for block A] ... II
3T =4 m as [Netwon's Il law for block B] ... IT1
From equation I, IT and III
3F
a = ——.
17m
mag — 2T = maaa [Newton's II law for block A] (-

LI

T — msg = msas [Newton's II law for block B]

as + O = 2aa [constrained relation for pulley P1]

ma = 4mg [Given in question]

From above four equations

ar= ==2.5m/s?

N @ INJ?e]

as =5m/s?

h :% aat? [Equation of motion for block A]

P2

H'

= t:g sec.
5 m.g msg
H is the distance travelled by block B in vertical direction till % T,
second
= H= %aat2 [Equation of motion for block B]
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Newton's laws of motion /

2
2 5

H=04m

H’ is the distance travelled by block B due to gained velocity.

V1 = agt
=5x04
vi=2m/s
v22=vi?+2aH
02=22+2 (-10) H’
H = i =0.2m
10

Total distance =H+ H’

= 0.6 m=60cm.

(atacos60°)cos60°

(a+acos60°)sin60° —

a+acos60° a
T + N sin60° = Ma

V3 _

T+N— =Ma
2

T co0s60° — N sin60° = m[a — a cos60° — a cos?60

I_M:ma{l_i_i}

2 2 2 4

- T—N\/_:%

mg — N cos60° — T sin60° = m(a sin60° + a cos60° sin60°)

mg_ N _ T8 :ma{ﬂﬁ}
2 2 2 4
2mg —N T\/_ ——3\2/§ ma = = 32\3{5

®
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Newton's laws of motion / ﬂ—

9.

AL=JlP+x-L

Fret, = mg — 2F cos0

dnet = 0 —2—k (’\ﬂ_2 +x? —L) —X

m ’LZ +X2

10. Acceleration of bead along rod is ma sino;

macosa

———— =acosa

m
1 acosat?=/
2
= 2L = 2sec
acosa
11.
a a,sin45°
a,cos45° a,
aW
Tcos45 a,cos45°
T N,
N,
m.gcos 45° mggsind5
m,gsin 45° A mggcos45
—
a

All the forces shown are in ground frame. aw is the acceleration of wedge w.r.t ground and a is the

acceleration of blocks w.r.t wedge.
mag Sin45° — T = ma (a — aw cos 45°) [Newton's Il law for block A along the wedge in ground frame]

magcosd — N = ma awsin4s° [Newton's li law for block A in direction L to the wedge in
ground frame.]

T —msgg sin 45 = ms (a — awcos 45) [Newton's Il law for block B along the wedge in ground frame.]
Ne — mgg cos 45° = mg (awsin45) [Newton's Il law for block B in direction L to the wedge in

ground frame]
Nasind5 + T cos 45 — Ns sin 45 — T cos45 = mwaw
[Newton's Il law for wedge in horizontal direction in ground frame].

After solving above five equations we will get  aw = %m/s2 = 40 cm/s?
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Newton's laws of motion / ﬂ—

PART - Il
1.
T=mug
when thred is burnt, tension in spring remains same = mag.
mig — mz2g = mza Mg = a = upwards
m2
a=o
m.g
2 F=auat
a= dv = %y ....(ij  straight line curve 1
dt m
dv = = tdt
m
2
v= 2% 9 curve 2 ...(ii)
m 2
divide (ii) by (i)
2
= ia -a.am_am — Paacebole curve 2.
2 2 «a 20
3 T
0 >
0
T
F
F=2Tcos6 T=
2cos0

6T cos 64 TT
on incrcasing 6, cos decreases and hence T increases.
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Newton's laws of motion /

4,

By string constraint

an =2a8 Q)
Equation for block A.
10x10%x ———T = 10an ... @)

2
Equation for block B.

oT- 40 408 ©)

N

Solving equation (1), (2) & (3), weget aa= _—E m/s?

ap= —>mis? = T=10\
2\2 V2
Apply NLM on the system 12 m/s’ a
200 =20a+ 12 x 10 —> =
[0 i 20} 200 N

80

—=a

20
=4 m/s?

Spring Force =10x 12 =120 N

There is no horizontal force on block A, therefore it does not move in

x-directing, whereas there is net downward force (mg — N) is acting on

it, making its acceleration along negative y-direction.

Block B moves downward as well as in negative x-direction. Downward C
acceleration of A and B will be equal due to constrain, thus w.r.t. B,

A moves in positive x-direction.

Due to the component of normal exerted by C on B, it moves in negative x-direction.

Pseudo force depends on acceleraton of frame and mass of object

a

T sin 37 —
4]
T cos 37 Y T cos 37
F.=ma T
F
— .

T sin 37

2kg 8 kg

mg

F.B.D. of trolley is w.r.t. ground
F.B.D. of suspended mass is w.r.t. Trolley.

Tcos 37°-mg=0 [Equilibrium of mass in y direction w.r.t. trolley]
L sf;ng' T=25N
Tsin37°-ma=0 [Equilibrium of mass in x direction w.r.t. trolley]

T sin37 _ 15
a= —— =_"—

=
m 2

F—Tsin37 = 8a [Newton’s Il law for trolley in x direction w.r.t. ground]

= F =8 x15/2 + 25 x 3/5 F=75N

AN
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Newton's laws of motion /

9.

10.

11.

(A) True
(B) True

S, ——>

(I.F)

o

Accelerated & moving with velocity V.

Vv = constant

s,| <——e—

—_>a

F-ma=o0

(N.I. F)Tav

r

X -t curve is

(1) straight line when a =

0

(2) concave up when uniform a > 0

(3) concave down when uniform a < 0.

Accelerated but not moving.

In the region AB & CD acceleration = 0 = Force = 0

— Vs

By string constrain
va+tu—-ve=0

or VB=U+Va

Differentiating both side

as =0+ aaAns.

B /@—m

—>

a

V = constant

ma
<—.—>F

F-ma=o0
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Newton's laws of motion /

X,=2x2 =4m

Hence relative displacement =4 —4/3=8/3 m

PART - IV
FBD of Block in ground frame :
Applying N.L. 150 + 450 - 10 M = 5M
= 15 M =600 = M= 600
15
150 N
N 450 N
] ’[ 5 m/s®
vV
Mg =10 M
= M =40 Kg Ans.
Normal on block is the reading of weighing machine i.e. 150 N.
If lift is stopped & equilibrium is reached then
T=450N
N
Mg =400 M
450 + N = 400
= N=-50
So block will lose the contact with weighing machine thus reading of weighing machine will be zero.
AT
v
400 T=40¢g
So reading of spring balance will be 40 Kg.
T=450N
N =400 N
40kg [ ] Ta
Mg = 400 N
_ 950-400 _ 450 _ 45 )
a=z=— = a= — = —mls Ans.
40 40 4
4 a = & =t
P 10
Y t 2
d—V:t = jdv=_|.t dat = v:t—
dt 5 o 2
Putting v = 2 we have t = 2 sec.
dx e z 4
Now —_— = X = — | = =
dt 2 P 6 3
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Newton's laws of motion / ﬂ—
5. From above
2t =136 = =12 —=t=2.3 sec.

6. a=t=4
after 4 seconds Ve =2 m/s
Vp=4%2=8mls
Viel=8—-2=6m/s.

“““ A

4

UUUOOUUOOCU0

9. L
I
v
mg
0] Al =12
Fs = KA/
< 2mg [
L 2
Fs<mg
T+Fs=mg
K¢
T=mg——
2 2
- K¢
ii mg— — =ma
(ii) 9-
2m
Ifitis so
Fs>mg
i.e., Al < g string unstretched & T = 0.
EXERCISE-3
PART - |
1.
Y
%
--------------------- > X
ma cos 6 = mg cos (90 — 0)
= a_ tan® = a :ﬂ
g g dx
= i(kxz): E = X:i:D
dx g 2gk
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Newton's laws of motion /

PART - I

1. Vertical component of acceleration of A

a1 =(gsin6).sin6

=gsin60°.sin60°=g. 3/4

That for B

az:gsin3O°.sin300:g%

N @

(ans). = %9 -3

2. F=ma=Foe™
av_FK

m

—bt

100N
100N

10k§
=100;

1
T

-
-

=49 m/s?

F = 100N.
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Newton's laws of motion / ﬂ—
HIGH LEVEL PROBLEMS (HLP)

1. (a) (i) acceleration att = 1s
a= 3670 _ 1 gnms?
2-0

TT

150g

T-150g =150 a
T=150x%9.8+150 % 1.8
= 1740 N.
(i) Att = 6s t = 6s, a=o

T=150gN
=150 x 9.8 = 1470N
(i) Att=118 t=118; a=-1.8m/s?
1.8 m/s? down
150g-T=150a

N T
\La

4
1509
T=150x (9.8—1.8)=1200 N
(b) Height = Area of v - t graph
=1/2(12 + 8)3.6 = 36 m

_ Displacement _ 36

(c) Average velocity= ——— = — =3 m/s
time 12
(d) Average acceleration = chgnge '|n Eelbe b = 0-0 =0
time in taken 12
y
2. g; =—ai
X
o]
2
a 9 g; = (bcosb — a) i —bsin 6]
b

As there is no external force along x direction

. 2maax + maex =0
2m(-a)+m(bcos®—-a)=0
3a=bcoso ... Q)

a =2ai -3ajtan ... (2)

Uy
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Newton's laws of motion /

N

mg
along x-direction

Nsin6=mx 2a
Along y-direction
mg — Ncos 6 =m 3atan 0
= mg — 2ma cot 6 = 3ma tan 0
= g=al2cot6 + 3tan 0]

gsin6coso6

~ 2c0s20+3sin2 0

a= gsin 6 cos 6 b:3g sin 0

3-cos?0 3-cos’0

Ta
W.M.

F.B.D. in NIF.
Nl

m
mag

Ni=mg+ ma
80.5g =mg +ma ... (1)

a=0
|W.M.|

F.B.D.in
N,

mg
F.B.D. in N.L.F.
Nima la

mg W.M.l

N3 + ma =mg

= Ns=mg-ma =595g=mg—-ma....

1) + (3) 1409 =2mg
m = 70 kg Ans.

(@) .. N2 = true weight = 70 kg. Ans.
(b) by (1) 80.5 x g=mg + ma

= 10.5g=70a =

70

10.5x10
a=-—"—""~

=1.5m/s?® Ans.
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Newton's laws of motion /

4, Let a be acceleration of system
Ncoso
N
0
Nsind ——> Nsin6=ma ... Q)
mg
Ncos6=mg . (2)
Dividing (1) by (2) , we get
a=gtane . 3)
_a,
M’ —>T
T=(M+m)a ... (4)
TT
M la Mg-T=Ma ... (5)
\LMg
4+(@3B) Mg=M+m+M)a . (6)
, M'+m
by (3) & (6) Mg = (M’ + m+M)gtan 6 =M= Ans
coto-1
-
5, 1m/sZT 15kg T-150=15x1
150N
T=165N Ans.
s=lap 5= 1 x1x¢
2 2
t= \/1_05 Ans.
6. Let a1 & a2 be acceleration of monkey & Block respectively
Y/
-
-
nfa
I (&7,
l'mg
'I\T
F.B.D. Monkey alT mai=T-mg ai=— —g .......... Q)
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Newton's laws of motion / ﬂ—

'I‘T

F.B.D. Block azT M| maz=T-mg az= T_ (o UTIN (2
m
mg
By (1) & (2)
ar=a arel=0,asUe=0

Relative displacement is zero.
Hence separation remains same.

7. Let b be acceleration of masses mi1 & m2 with respect to wedge & a be acceleration of wedge w.r.t.
ground.

y

O X
> -2 .2
Axe T aaw © Awe
=bi—ai =g, =b-a) i .. )
- _ > - _ of ; o} :
dpg = agy T ayg - PCc0s37°i —bsin37°j —ali
- _(4b - 3b-
asc -(?—ajl —?] ............. ©))
As Fexternal, x = 0
= Maaac , x + Meass ,x + mw awc,x =0

= 1.3(b—-a)+1.5 [%b—a) +3.45(-a)=0

= (1.3+15+345a=(1.3+1.2)b
= 6.25a=25hb
= 5a=2b (D)
b—a= E a
2

F.B.D. System:m: m,—T

Frame: T=13x %a ............. (2)

F.B.D. System : m:
Frame :
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Newton's laws of motion /

5a

Y\ N+1.5 a sin 37°
N

1.5a

1.5 acos 37°
+

1.5g cos 37°
1.59 sin37°

Along the incline :

15a2 + 1592 —7=152
5 5 2

= 9-T=255a
by (2) & (3) (2)

5a

9=45a
= a = 2m/s?
b = 5m/s?
s=Lpe o 2-Liuse t-1s
2 2 2
5/2m
. (X
—
2m
0] oV, =ut+a, =0+2x1

- V. =2m/s Ans.

mg

agg

i 2 =(%x5—2jf—% x5]

— 2 o~
agg = 21 —3]

ay, = |age| = V13 m/s?

VMZ = ap,t
Vi, = V13 m/s?
3.9

Ans.

by (2) TZT x2 =T=3.9NAns.

8. m>m’

Let a be acceleration of M w.r.t. ground
b1 = acceleration of m’ w.r.t. ground
b2 = acceleration of m w.r.t. ground

E’MG =ai ame = bui XmG = —b2i

AS Fexternalx = 0

= Mamex + (M+m+m’)amex +mams,x =0
m’bs + (M +m + m’)a —mbz
mbz—-mbi=(M+m+md)a ... Q)

AN Resonance”®

Educating for better tomorrow

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Toll Free : 1800 258 5555 | CIN : U80302RJ2007PLC024029

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005 \



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Newton's laws of motion / ﬂ—

m’ —» b, <« m

—1>a

F.B.D. Systerh 'm' |

b,
Frame : I.F. — Ti=mbs ... (2)
[T
F.B.D. System : M
b,
Frame : — Tz2=mb2 ... 3
T m|
F.B.D.
System

Frame :N.LF.
F.B.D.
System

Frame :N.LF. mg—T2=m(b2+a) ... (5)
(2) +(4) = mg=m’(2b1—a)
g=2bi-a . (6)
(3)+(B)=> mg=m(2bzta) = ... @)
g=2b>2+a
Solving (1), (6) & (7) we get
ae  (m-m)g
2M +3m+3m’
9. Let the acceleration of B downwards be ag = a
From constraint ; acceleration of A and C are

Ans.

aa=acot0= % towards left

a
ac = 3 upwards

free body diagram of A, B and C are

l‘\{coseJrT 2{
N'<
B C
Nsing<«— » Nsind l
A N v
2mg mg
. 9m
Nsind=— (acoth) . 1
o, (acot0) (1)
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Newton's laws of motion /

2mg—-T—-Ncosb =2ma
a
2T-mg=m—
J 2
solving we get
ac= 2 = 3m/s?
2

Ans. 3m/s? upwards

10.
10m/s
o,gs?"
&
T
Let vx and vy be the horizontal and vertical component of velocity of block C.
The component of relative velocity of B and C normal to the surface of contact is zero.
10+ 5cos 37° —vx=0 (1)
vx =14 m/s
From the figure /1 + /2 + /3 = constant
% + dﬁ + % =0
dt dt dt
(-10)+(=5-10cos 37°) + (—5sin37°+vy) =0 Vy = 26 m/s.
11. Pseudo force on a particle depends on mass of particle and negative accleration of observer.
12.

vcosO=u
v=usecoH

d_v :usecetane@
dt dt

tan 6 = bly
do b dy
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Newton's laws of motion /

13.

14.

— ucosH tan?0 .............. II
b
2 2
= dv _ Y tan% from I and II = dv _ Y tan%e
Method - |

As cylinder will remains in contact with wedge A

Vx=2u

As it also remain in contact with wedge B
u sin 30° = Vy cos30° — Vx sin30°

sin30° + Usin30°

y:

* cos30° cos30°

Vy = Vx tan30° + u tan 30°
Vy = 3u tan30° = \/5 u

v= V2+V2 =VTu Ans.

Method - Il
In the frame of A

30°

130°

3u sin 30° = Vycos30°
= Vy=3utan30°=\/§u

and Vx=2u = v=,[v3+vj =7u Ans. .

m =40 kg

4F1 — F2 = ma [Newtons Il law for block]

4F, -F,
m

t=0to 2 sec.

F1= 30N

F2=10N

_ 4x30-10

=0

=a=

=a

t=2to 4 sec

=2.75m/s?
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Newton's laws of motion /

15.

F1= 30N
F2 = 20N
_ 4x30-20
BT
Fort=4to 6 sec.
F1= 10N
F2= 40N

a= 4x10-40

40

Fort=6to 12 sec
F1=0, F2=0
= a=0m/s?
V12 — Vo = ao-2(2 — 0) + az-4(4 — 2) + as-6(6 — 4) + as-12(12—6)
Vi2—15=275%x2+25%x2+0x2+0x%x6
Vi2 =12 m/s

=a = 2.5m/s?

=0 m/s?

By constraint velocity component of block along the string should be u

= vcos6=u or V=USEC O oot (D)
vcoso
0
Y
Y
dv de
from (1) a=— =usecOtan6— ......... (2
dt dt
T sin64 T
"
| N Tcos®
—+——a
Y i
v
mg

Initially when block is at a large distance 6 is a small component of T in vertical direction is very small.
As block comes nearer and nearer. T sin 6 increases and N decreases.
When T sin6 = mg then block just loses contact with the ground

so TSINO=MQ ....ccovieiieeeeeeeeen, 3)
TCoSO=Ma .....cccovvveeeeeeeennn. (4)
) &(4) =
atan 0 =g .........occeevivninneennn (5)
h
8

“— X ——>
also, x = hcot 0

x__ h cosec?0 a0
dt dt
= —Vv = —hcosec?0 ((jj_? [as x is decreasing ((jj_)t( = —V]

AN
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Newton's laws of motion /

16.

17.

usec6 _ do

or T enn?n Ay
hcosec“0 dt

............... (using (1)) cereeeeennnn(B)

using (2) , (5) and (6) we get

u seco tano [

useco
hcosec?0

jtanezg

putting values of u, h & g we get.

tan‘0=1=06= =~
4

Ans. 0

N

vt tv,

Pulley P1
0+v,
e 1
> (1)
Pulley P2
=i Ve L ov=vi+ Vs .
Pulley Ps V= %

Eliminate V1 & V2 to get

= 2u+Uu—-2u=2v=3u=4v

V= gu Ans.
4

Solving problem in the frame of pulley

1
3.25cos0 — 1 sinb = \/§cos

1 sin 30
30 +1sin 30
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Newton's laws of motion /

18.

19.

3.25cos0 —sin= >+
2" 2
3.25¢c0s0 —sin6 =2

13cos0—-4sin6=8
1341—sin’06 = 8+ 4 sind

169 — 169 sin20 = 64 + 16 sin%0 + 64 sind

185 sin%0 + 64 sind —105=0

:sinezE :>tan9:§.
5 4

9m/s

9 cosa = Vv sina -

19-R

—— =tana -
12

(R+5)2=(12)*+ (19 — R)?

=R=10

Hence from (i) and (ii)
v=12m/s

Before cutting the spring

T2=mg
After cutting the spring
T,=mg

¢ m]l2

E

m

il 2mg
2mg-mg=2ma
a=g/2
T3 =mg/2

T2—T3:mg_m :m
2 2

0]
(i)
[Pythagorean]
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Newton's laws of motion /

20.

21.

2mg sin37°—T = 2ma

4
= a=— m/s
3
= a = —m/s
= aa = M m/s
3
Ncos6

N sin® = mb

N sind = m(a cos6 — b)
2mg — N cosb = ma sin6
4gsin6
 1+sin?0

B2
= h=£asinet2 = t= h(lL"le) .
2 2gsin“ 6
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