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A hammer of mass 1 kg moving with a speed of 6 m s~
strikes a wall and comes to rest in 0.1 sec. Calculate

(a) Impulse of the force

(b) Average retarding force that stops the hammer

(c) Average retardation of the hammer

Soln.: m=1kg, u=6m/sec,v=0,t=0.1s i

(a) Impulse=Ft=m(v—-u)=1(0-6)=-6Ns
(b) Average retarding force that stops the hammer

F=i=6ON
0.1

60

(c) Average retardation, a= £ = =p 60 m/sec?
m

EQUILIBRIUM OF CONCURRENT FORCES

o  Concurrent forces : Forces acting together on a body at
the same point are called concurrent forces.

e A number of concurrent forces acting on a body are said

to be in equilibrium, if the resultant of these forces is |

zero or if the concurrent forces can be represented
completely by the sides of a closed polygon taken in the
same order.

Mathematically : 17“1 + Fz +IEE3 +..F F‘n =0

e Lami’s theorem :Accordingto Lami’s theorem, when |

three concurrent forces F, F, and F; acting on a body
are in equilibrium, then

A _5H_H

where
a = angle between f‘2 and F3
B = angle between F_'3 and ‘51

v =angle between I*_‘l and F“z

Types of Forces

o  Weight : It is the force which the earth attracts any body
to itself. It is given by W= mg
where m is the mass of the body and g is the acceleration
due to gravity.

e  Reaction: When abody is pressed against a rigid surface, "'

the body experiences a force which is perpendicular to
the surfaces in contact. This force is called normal force
or reaction.
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e  Spring force : The spring force is given by F'= —kx where
x represents the enlongation or compression ofthe spring

and £ is the force constant of the spring. |

APPARENT WEIGHT OF A MAN IN A LIFT i

O When the lift is at rest or moving with constant
velocity, the apparent weight = mg. Thus, apparent

7

weight = true weight.

o When the lift is accelerating upwards with
acceleration a, then apparent weight = m(g + a).
Thus, apparent weight is more than the true weight.
O When the lift is accelerating downwards with
acceleration a, then apparent weight = m(g — a).
Thus, apparent weight is less than the wae weight of
man.
e  Ifthe cable supporting the lift breaks, the lift falls freely
with a = g, then apparent weight = m(g — g) = 0.
e When a person of mass m climbs up a rope with
acceleration a, the tension in the ropeis 7= m(g+ a).
e  When the person climbs down the rope with acceleration
a, the tension in the rope is 7= mi(g — a).

| When the person climbs up or down with uniform speed,

the tension in the rope is T'=mg

MOTION OF BODIES IN CONTACT

e  Two bodies of masses m, and m, respectively are placed
in contact with each other on a smooth horizontal surface.
Let a force F' be applied on m, as shown in the figure.
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O Common acceleration of the system,
F
m] + I’)’l2
O Contact force between m, and m,,
m,F

ml+m2
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e  When the force is applied on m, as shown in the figure.
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o Common acceleration of the system ,
F
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o Contact force between m, and m,,
,__mF
7}11 + m2

e When three bodies of masses m,, m, and m, respectively
are placed in contact with each other on a smooth
horizontal surface. Let a force /7 be applied on m| as
shown in the figure.

o Common acceleration of the system,
F

m +m, + my

O Contact force between m, and m,,

(mz +m, )F

I’il1 + m2 + n’l3

a=



{aws of Motion

e Contact force betsween m, and m,,
m.F
3

)’321 + 1722 + 3‘1*23
VWhen the force Fis applied on mi, as shown in the figure.

Common acceleraticn of the system,
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MOTIGN OF CONNECTED BODIES

2

“When two bodies of masses m, and m, respectively are
connected by a uniform massless string and placed on a
smootk horizontal surface. Let a force F be applied on
m., as shown in the figure.

e
. F
o Common acceleration ofthe system, 2= —
m, + ni
1 2
. w0
O Tension, 7 = —r—in_-
an + 7112

When three bodies of masses m,, »t, and m; respectively
are connected by the strings and placed on a smooth
herizontalsurface. Let a force Fis applied onm, as shown
in the figure.

O Acceleration of the system, # = ———
BL - H1 + L,

m]F

O Tension, I=—
Vil 4"737 “+ N,
H F4 3

. (m, nzz}F
o tension, 7, = et
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When two bodies of masses 2, and n1,, 7N
{m,>m,} connected by an inextensible i ®
string passing over a ligiit #rictionless ’\-/
pulley as shown in the figure b
> Acceleration of the system, s
n
(my—-m,)g
PG Y 4 b
B+ 1, mag BT
1 2 S ey |7
O Tension in the string, iy
_ Zmlng _
et g
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2 When two bodies of masses #1, and m, are aftached to
the two ends of inextensible string passing over a
frictionless pulleyattached tean edge of a horizontal table
as stown in the figure.

& Acceleration of the system, z =
Iill + n,

. . . LI E
e Tension in the string, T = —ab 25
,”Hl - ?’?22

In fgure 4, 3 and C, each block have acceleration 4. #.2nda,
respectively. £, and F) are external forces of magnitude 2mg
and g respectively. Find the value of a,, . and &,

4 2

3

Fi=2mg
""i:mu
2mg ~mg m—m ¢
Seln. : g == e (= e =
T e = £
m Lt 4 im
mg + mg —mg
o = ————= = ‘g,c[eaﬂya‘; > g Bty
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A pulley system.is shown in figure, puliey P, is fixed toa rigid
support and puiley £, is capable of meving freety wpward of
downsvard. The pulleys and strings are ideal. ¥eights of two
masses 4 and & are 200 N and 300 N respectively. Find the
tensions 7, and T, and also the acceleration of 4 and 3
{z=10m s~}

200 N 301 - .
Ssln. 2 m m‘M&ZOKg f”zf;i\";
g [\../?

10
300N -

i =
and g = =30kg i 37,2? iz
Becanse the strings ol mla T T
Because the strings are 4 T 4 o, e
ideal the tension along a + ! S
str1ng remams.the same. 206N ; T,
The forces acting on the _
pulley ®, are 27, upwards g5
and 7\ downwards.
300N

7, =21,
The force lifting B up is 27, while one pulling 4 upwards
is only 77.

Hence, mass #rises up while 4 moves downwards.
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. a
Let the acceleration ofA=—1]—,downwards and

acceleration of B = a, upwards.

Since for a displacement x of 4 downwards, B suffers a
displacement only X

Hence, a, = 2a,

Equation of motion for 4

200 - T, =20a, (1)
Equation of motion for B
T,-300 = 30a, = 27, -300= 30 x -
= 27,-300=15q, (i)

100 ‘
On solving (1) and (1), @ = i 1818ms™>

a, = % 20.909ms
2

and 7; = 30a, + 300 = 27.27 + 300 = 327.27N

~)
—

T,=-1=16364N

0|

Hlustration 9
A rope of negligible mass can support a load of M kg. Prove
that the mass of the greatest load which can be raised is equal
M

to=-

1+—
at*
is the height through which the said load rises from rest with
uniform acceleration in time z.

kg, where g is the acceleration due to gravity and A

Soln. : Since the rope can support a load of Mkg, the maximam
tension the rope can withstand is given by 7= Mg (figure a).
Now, if a mass m is raised by the rope with a uniform
acceleration a as shown in figure (b), then the net

A« 4
®

mg
(®)

Upward force on the mass m = (T — mg) where T” is the
tension in the sting.

Then. from Newton’s second law of motion,
T’ ~mg=ma or T'=m(g+a)
For the greatest value of m,

T=T ~om(g+a)=Mg
Mg M .
£ = ()
g+a V+alg

1
Now, from the equation of motion, s = ut + ~a £

“

We get h—O-&-l 7 =2
get, pafora=—

|
1
|
|
|

|
|
|

From equation (i),

Mustration 10

A horizontal force 0fS00 N pulls two masses 10 kg and 20 kg
lying on a frictionless table and connected by a light sking.
What is the tension in the string? Does the answer depend on
which mass end the pull is applied?

m=

Soln. : — <«
7, 1
F " ote—e m2
(a)
__d’ _i’
TZ T’)
my > €= m L=
(b)

Here, m; = 10 kg, m, =20 kg and 7= 500 N

Case (a) : When the force #'is applied on mass #1;: Let T,
be the tension in the connecting string. The free body
diagram with all the forces in the horizontal directions of
the masses m, and m, are shown in figure (a).

Now, applying Newton’s second law of motion to masses
m; and m, we get.

F-T =ma .-(1)
and T} =ma ..(11)
Eliminating a from eqgns (i) and (ii) we get,

-F-17, T F 20x 500
L =S = T 1 = m' = X = 333.3 N
my m, m+m, 10+20

Case (b) : When the force is applied on mass »,. With
reference to figure (b), we can write,
T,=ma ..(iii)
and F-T,=m,a ..(v)
Again eliminating @ from eqns (iii) and (iv) we get,
mF 10 x 500
m +m, 10+20

So, the tensions in both the cases are different, ie., it
depends on which mass the force is applied.

T,= =166.7N.

It may be noted that the acceleration is same in both the
cases.

A uniform rope of length L resting on a frictionless horizontal

| surface is pulled at one end by a force 7. What is the tension in

the rope at a distance / from the end where the force is applied?
Soln. : Let 4BC be the rope and the force Fbe applied at the
end A (see figure). We have to find out the tension at
point B of the rope. Ifm is the total mass ofthe rope, the

m
mass/unit length = T



