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Equilibrium of Forces & Law of motion and friction

Basic Concept

Mechanics can be defined as the branch of physics concerned with the state of
rest or motion of bodies that subjected to the action of forces. OR It may be
defined as the study of forces acting on body when it is at rest or in motion j
called mechanics.

Mechanics can be divided into two branches.

« Statics It is the branch of mechanics that deals with the Qrces
acting on a body in equilibrium. Either the body at rest o@fcrm motion
is called statics

« Dynamics: It is the branch of mechanics that de the study of forces
on body in motion is called dynamics. It is fur ided into two
branches.

o Kinetics It is the branch of the dynami hich deals the study of
body in motion under the influenee orce i.e. is the relationship
between force and motion a e ed or the effect of the force
are studied

o Kinematics: It is thedr he dynamics that deals with the
study of body in motion witReut considering the force.

Force 0

« Forceln generaﬁ rce.s ush or Pull, which creates motion or tends to
create motion, des r tends to destroys motion.

« In Engineetingymeghafics force is the action of one body on another.

move a body in the direction of its action, A force is

chara by its point of application, magnitude, and direction, i.e. a
forcéuig a vector quantity.
Units of\for

Th owing force units are frequently used.

o Newton
o The S.lunit of force is Newton and denoted by N. which may be
defined as TN =1 kg. 1 m/s2
o Dynes
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o Dyneis the C.G.S unit of force. 1 Dyne =1 g. 1 cm/s2 One Newton
force = 10° dyne
o Pounds
o The FPS unit of force is the pound. 1 Ibf =1 Ibm. 1ft/s2 One pound
force = 4.448 N One dyne force = 2.248 x 1076 Ibs

Principle of Transmissibility of forces

« The state of rest of motion of a rigid body is unaltered if a force

the body is replaced by another force of the same magnitude aad
but acting anywhere on the body along the line of action of the repla

force.

« For example the force F acting on a rigid body at point A@rding to the
principle of transmissibility of forces, this force has the sami€ effect on the
body as a force F applied at point B. 4

Free-Body Diagram: O :

« Adiagramor sl? body in which the body under consideration is

freed from the contagt surface (surrounding) and all the forces acting on it
iorf§ at’contact surface) are drawn is called free body
diagran. dy diagram for few cases are shown in below

(including
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Steps to draw a free-body diagram: @ L 4
. Select the body (or part of a body) that you wan alyze, and draw it.

1

2. ldentify all the forces and couples that arg applied onto the body and draw
them on the body. Place each force a le“at the point that it is
applied. Q

3. Label all the forces and couples with
solution process.

4. Add any relevant dimensio ntoyour picture.

e labels for use during the

Equilibrium: The concept of
stationary or which is‘n i
equilibrium is usually u

to be in the state of stati

ilibiium is introduced to describe a body which is
wi constant velocity. In statics, the concept of
analysis of a body which is stationary, or is said
ilibrium.

\ 4
Particles: A parti a body whose size does not have any effect on the results

: dy is formed by a group of particles. The size of a body affects
the results ny mechanical analysis on it. A body is said to be rigid when the
rela sitions of its particles are always fixed and do not change when the

Force System:

« When a member of forces simultaneously acting on the body, it is known
as force system. A force system is a collection of forces acting at
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specified locations. Thus, the set of forces can be shown on any free body
diagram makes-up a force system.

Types of system of forces

o Collinear forces :
o Inthis system, line of action of forces act along the same line i
called collinear forces. For example consider a rope is being pdlle
by two players as shown in figure.

« Coplanar forces

o When all forces acting on the body are in the sam@@forces
2

are coplanar

« Coplanar Concurrent force system
o A concurrent force system contains for ose lines of action
meet at same one point. Forces may_be tensile (pulling) or Forces
may be compressive (pushing)

o

o Non-Concurrént Co-Planar Forces

offorees acting on the same plane but whose line of

s not pass through the same point is known as non

ent coplanar forces or system, for example, a ladder resting

inst a wall and a man is standing on the rung but not on the

nter of gravity.

. lanar parallel forces

o When the forces acting on the body are in the same plane but their

line of actions are parallel to each other known as coplanar parallel
forces for example forces acting on the beams and two boys are
sitting on the sea saw.

« Non-coplanar parallel forces
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o Inthis case all the forces are parallel to each other but not in the
same plane, for example the force acting on the table when a book
is kept on it.

ADDITION OF FORCES

« ADDITION OF (FORCES) BY HEAD TO TAIL RULE

o To add two or more than two vectors (forces), join the hea
first vector with the tail of the second vector, and join t of the
second vector with the tail of the third vector and so oﬁ

o Then the resultant vector is obtained by joining th first
vector with the head of the last vector. The magni@d the
direction of the resultant vector (Force) are found g ically and
analytically.

« RESULTANT FORCE
o Aresultant force is a single force, whichyproduces same effect so
that of number of forces can p@ is called resultant force

COMPOSITION OF FORCES g
o The process of finding out resultant Force of given forces

(components vector) is mposition of forces. A resultant force
may be determined by, fallowing methods

o PARALLI:’ ETHOD
= Accor o parallelogram method ‘If two forces (vectors) are
tinggsimultaneously on a particle be represented (in
nitude and direction) by two adjacent sides of a
arallelogram, their resultant may represent (in magnitude and

direction) by the diagonal of the parallelogram passing
through the point.

= The magnitude and the direction of the resultant can be
determined either graphically or analytically as explained
below.

» Graphical method Let us suppose that two forces F1 and F2
acting simultaneously on a particle as shown in the figure (a)
the force F2 makes an angle 6 with force F1
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« First of all we will draw a side OA of the parallelogram in magnitude and
direction equal to force F1 with some suitable scale. Similarly draw t
side OB of parallelogram of same scale equal to force F2, which a
angle 6 with force F1. Now draw sides BC and AC parallel to the S
and BC. Connect the point O to Point C which is the diagonal
parallelogram passes through the same point O and hencesi
resultant of the given two forces. By measurement the I@ iagonal

gives the magnitude of resultant and angle a gives the direetion of the

resultant as shown in fig (A) @ o
B C B ‘

F, / :

/ :

Py }/
F1 / A O i A

fie (A) O Fig (B)

Analytical method ¢

r%BC, from point C drop a perpendicular CD to
siown in fig (B)

OABC, OA =F1 OB = F2 Angle AOB =6
« Now,considerthe ACAD in which Angle CAD =8 AC = F2
e Byr g the vector F2 we have, CD = F2 Sin 8 and AD = F2 Cosine 0

o Inthe parall
meet OA

ing to Pythagoras theorem ,(Hyp) 2 = (per) 2 + (base) 2

« 0C2=DC?+0D? 0C?=DC?+ (0OA+AD) 2

« FR2=F2Sin20 + (F1 + F2 Cosine 8) 2

« FR2=F?2Sin%0 + F?1 + F?2 Cos?8 + 2 F1 F2 Cosine 6.
« FR2=F?2Sin%0 + F?2 Cos?0 +F?1 + 2 F1 F2 Cosine 6.
« FR2=F?2(Sin%0 + Cos?0) + F21+ 2 F1 F2 Cosine 8.
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« FR2=F22(1)+F?1+2F1 F2 Cosine 6.
e FR2=F22+F?1+ 2 F1 F2 Cosine 6.

e FR2=F21+F22+2F1 F2 Cosine 6

e FR=vVF?21+F?22 + 2 F1 F2 Cosine 6.

TRIANGLE METHOD OR TRIANGLE LAW OF FORCES

« According to triangle law or method” If two forces acting simultane
on a particle by represented (in magnitude and direction) by the
of a triangle taken in order their resultant is represented (in magai
direction) by the third side of the triangle taken in opposite o

forces are acting on a body such that they can be repres dbysthe two
adjacent sides of a triangle taken in the same order, thenitheifresultant

will be equal to the third side (enclosing side) of that trian aken in the
opposite order. The resultant force (vector) can ifed graphically
and analytically or trigonometry.

« Graphically, Now draw lines OA and AB to e‘eonvenient scale in

magnitude equal to F1 and F2.

« Join point O to point B the line OB willsoe third side of triangle, passes
through the same point O and hen e resultant of the given two
forces.

« By measuring the length of OB he magnitude of resultant and angle
a gives the direction of th% as shown in fig (B).

0 :

Fig ()

« Now draw a line OC to represent the vector in magnitude, which makes an
angle 6 with x-axis with some convenient scale.

« Drop a perpendicular CD at point C which meet x axis at point D, now join

point O to point D, the line OD is called horizontal component of resultant
vector and represents by Fx in magnitude in same scale.
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« Similarly draw perpendicular CE at point C, which will meet y-axis at point E
now join O to E. The line OE is called vertical component of resultant vector
and represents by Fy in magnitude of same scale

|

|

|

" O
Analytically or trigonometry Q

In ACOD, Angle COD =6, Angle ODC =90° @ N

. OC=F
. OD=Fx
. OE=CD=Fy

« We know that Cosine 8 = OD/0OC. Co’@ x/F And Fx = F Cosine 6

« Similarly we have Sin 8 =DC /OC, Si /F And Fy = F Sine 6
Equilibrium Equations for a rigi

Arrigid acted upon by any appliédlo ill tend to translate dan rotate about a
particular axis. The tendency tajtranslate is due to the action of the resultant
force on the body andgth Cy to rotate is due to the action of the resultant

couple.
Equilibrium will occ o%»ody if the resultant force, as well as the resultant
couple, are bo

« For rium, the sum of all forces acting on the body is zero.
Resultant e=2F=0

% The sum of the moment about any axis must be zero.
Resultant Moment =M =0

Equilibrium Equations in 2D:
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The resultant force vector for a planar force system acts on the plane of action
of the original force system.

2F=2Fx+3Fy

The resultant moment vector acts perpendicular to that plane.

2Mo =3|rx F| = 3F4

where d is the perpendicular distance between any moment centre O e line

of action of F.

scalar form as follows:

2

The equilibrium equations for the two-dimensional case can b@n in the
2

ZFy =0

YMo=0 < )
Force System Classification librium
Coplanar and concurrent IF, Fy=0
Coplanar and non-concurrent %= IM,=0 Fy=0
Non-coplanar and concurrent IFy=0 IF,=0

\ 4
Non-coplanar and non-concurr x=0 M, =0 IFy=0
IM, =0 XF,=0 IM,=0

Law of Motion

Law 1:

y continues in its state of rest, or of uniform motion in a right line,
compelled to change that state by forces impressed upon it.
Projectiles continue in their motions, so far as they are not retarded by the
resistance of air, or impelled downwards by the force of gravity. A top, whose
parts by their cohesion are continually drawn aside from rectilinear motions,
does not cease its rotation, otherwise than as it is retarded by air. The greater
bodies of planets and comets, meeting with less resistance in freer spaces,
preserve their motions both progressive and circular for a much longer time.
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Law 2:

The change of motion is proportional to the motive force impressed, and is made
in the direction of the right line in which that force is impressed.

If any force generates a motion, a double force will generate double the motion, a
triple force triple the motion, whether that force is impressed altogether and at
once or gradually and successively. And this motion (being always directed
same way with the generating force), if the body moved before, is added
subtracted from the former motion, according as they directly conspire

are directly contrary to each other; or obliquely joined, when they aregobli
as to produce a new motion compounded from the determination d @ )

Law 3: Q

To every action there is always opposed an equal reactj r, thle mutual action
of two bodies upon each other are always equal, and dife€ted to contrary parts.
Whatever draws or presses another is as much d essed by that other. If
you press on a stone with your finger, the fing pressed by the stone. The
Third Law, commonly known as the “action-te w, is the most surprising
of the three laws. Newton’s great discover‘h t when two objects interact,

they each exert the same magnitude ofgorcenga’each other. We shall refer to

objects that
interact as an interaction pair. Q

Friction Force

Frictional forces aIsog i there is a thin film of liquid between two
surfaces or within a,liquidNits€lf. This is known as the viscous force. We will not
be talking about such forgesgand will focus our attention on Coulomb friction i.e.,
frictional forces n two dry surfaces only. Frictional force always opposes
cy of an object to move against another object or against a
surface. inguish between two kinds of frictional forces - static and kinetic
' served that kinetic frictional force is slightly less than maximum
stati ional force.
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Friction

W

The applied force F, the weight W, the normal reaction of
the surface N and the frictional force acting on a block
being pulled on a rough surface

Figure 1

The block does not move until the applied force F reaches a maximugs
Fmax. Thus from F = 0 up to F = Fmax, the frictional force adjusts i atit
is just sufficient to stop the motion. It was observed by Coqu F'max is

proportional to the normal reaction of the surface on the object, Youjcan observe

all this while trying to push a table across the room; heavier the e, larger the
push required to move it. Thus we can write ¢

LN )
ot E =N

where ps is known as the coefficient of tion. It should be emphasize
again that is the maximum possible valtg o tional force, applicable when the
object is about to stop, otherwiseyfri orce could be less than, just
sufficient to prevent motion. We that frictional force is independent of
the area of contact and depen

As the applied force Rg nd F, the body starts moving now experience
slightly less force com 0. This force is seem to be when is known as the
coefficient of kinetig frictiog, At low velocities it is a constant but decrease
slightly at high v ies®A gchematic plot of frictional force F as a function of
the applied fokce hown in figure 2.

Finax Applied force

Figure 2

www.jkchrome.com www.jkchrome.com www.jkchrome.com



www.jkchrome.com www.jkchrome.com www.jkchrome.com

Values of frictional coefficients for different materials vary from almost zero (ice
on ice) to as large as 0.9 (rubber tire on cemented road) always remaining less
than 1.

A quick way of estimating the value of static friction is to look at the motion an
object on an inclined plane. Its free-body diagram is given in figure 3.

A block of mass m on an inclined plans (left) and its free-body
diagram (Fight) when it is about to slide down the ramp ‘
Figure 3

Since the block has a tendency to slide down, thg frictional force points up the

inclined plane. As long as the block is in e<®
mg sin 8 = maximum friction K

mgeos8=N
As 0 is increased, mgsin® incr@ase when it goes past the maximum
possible value of frictiog frmax ock starts sliding down. Thus at the angle at
which it slides down We X
mgsin 8= fo. = K4, }’

B g M, =tan &

Impulse omentum
Linear Momentum and its Conservation
ar momentum of a particle of mass m moving with velocity “v is defined as

p=my

o Linear momentum, being the product of a scalar and a vector, is a vector.
« It has dimensions M.L.T-1 and units kg.m.s™ .
o The direction of the momentum vector is the same as the velocity vector.
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We can express Newton’s second law in terms of linear momentum in this way

EF _ ﬁ_ d(m\")

=N— = ma.

« Thus the resultant force on an object (system) equals the time rate of €han f
linear momentum of the object (system).
o The definition of linear momentum enables us to put the second | a more

general powerful form.
« If, in addition, the system is an isolated one then we can formulate @ law of

conservation of linear momentum.

2
Impulse and Momentum @

e Impulse is defined as simply change in mo . In%a collision between two
particles (and especially a contact collision fo
of interaction might vary with time.
o The force is relatively short-lived, beiﬁ before clock time ti and zero after

clock time tf and having a relatively e value at maximum.
o The elapsed time for the int iste a good approximation At = tf — ti.
/ L 2
4

fig above shows A force that varies over a relatively short elapsed time. The area under
the force curve is equal to the magnitude of the impulse
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o The sum of forces is a function of time.
« To find the change in momentum we must integrate over the elapsed time for the

interaction:
- - - " —
Ap=p,-p, -fz F(ryde .

e The change in momentum is defined as the impulse and given the sym

]-:j'zi'(nm-l\i’. O

o Impulse has the same dimensions and units as momentum and¥§ also a vector.

o The impulse has a magnitude equal to the area unde rc@ curve between
the two clock times, that is, over the elapsed time of ision.

o The direction of the impulse vector is the same ction of the change in
momentum vector.

By Newton's Second Law, the net force is equal’ c
acceleration,

This can be substituted into t @n for impulse,
4 \rE

j=) Far
3 Av i

ass of object times its

*

The formula for impulse becomes,
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] =m(v; —vy)
J=muv, —muy,
~]=p.—p

This equation is called the impulse-momentum theorem. In words, it state

the change in momentum of an object in a certain time interval is equal e
impulse of the net force that acts on the object in the time interval.
Using this formula, it is possible to relate changes in momentum t es
that were applied to cause the change. D

It also shows that the time over which a force is applied has

change in momentum that results.

It is also important to note that the units for momentum and i e are
effectively the same. The unit of momentum is kg m/@tMunit of impulse is

the

the Newton-second, N.s.

Conservation of Mo

When two objects interact, such asin a hey may exert forces on each
other.
The forces the objects exert on ea n be considered part of
a closed or isolated system. the forces involved are internal forces.
If any outside forces affect ste , these are called external forces.
According to Newton's Thi hen there are no external forces, the internal
forces that act betweenit ob cts have equal magnitudes and opposite
directions. If thegw e labelled A and B, the forces they exert on each
other are,

PB on ‘

ollision, these forces act for the same amount of time. If the collision
me t1 and ends at time t2, then the time duration of the collision is At
impulse experienced by object A is,

The impulse experienced by object B is Jg,
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» If the values for the forces in these impulse equations are substituted in to the
equation for Newton's Third Law, the result is,

EI on® — —Es ond
ol
At At
By the impulse-momentum theorem, this is equivalent to, Q

Pz —Psa = —(Paz —Pas) @ 4

« Inthis equation, Pa1 means the momentum o
momentum of object A at time t2, Pg1 mea
t1, and Ps2 means the momentum of objeetyB

o The equation can be rearranged to p e

and terms for time t2 on the other,

Pasr T Py ™ Pasx ¥ Pa:z Q

o Inthis case, in which théretwere ho external forces, the sum of the momenta
before the collisign | e sum of the momenta after.

e Ingeneral, as long re are no external forces, the total momentum of the

system is constant. This s known as conservation of momentum.

time 12.
erms for time t1 on one side,

If ther external forces, the total momentum P remains constant, even if the
mo individual objects change.

Instantaneous Impulse

Example: bat and ball contact

J=fF-ﬂ‘I=“LP= Py —p;
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o Therelation between impulse and linear momentum can be understood by the
following equation.

Ft= m(v—u)

Where, F = Force, t = time, m = mass, v = initial velocity, u = final velocity

« Rotation about a fixed point gives the three-dimensional motion of a rigid
attached at a fixed point.

Theory of Collision

o Acollision occurs when two or more objects hit each other. en cts collide,
each object feels a force for a short amount of time.

o This force imparts an impulse or changes the momen of each of the colliding
objects. ¢

o Butif the system of particles is isolated, we kno

o Therefore, while the momentum of each indivi
collision changes, the total momentum of t

The collision between two bodies may be clas @
Oblique collision. K

o Head-on Collision
o Letthe two balls ofm mT and m2 collide directly with each other

entum is conserved.

o ways: Head-on collision, and

with velocities v1 afid v2in the direction as shown in figure.
o After the collisi
L 2

city becomes and along the same line.

me My

O— O~

Before collision

ge along the common normal direction.

o No component of impulse act along the common tangent direction.
So, linear momentum or linear velocity remains unchanged along
tangential direction. Net momentum of both the particle remains
conserved before and after collision in any direction.

General Equation for Velocity after Collision
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;

o m—em, m,+ em, |
"1.-1: —_— —_—— -:
|y — My Lyt
" m, — em, | ‘ m, + en,
v, = = = - = .'1
Solmt+my |0 | myp+omy

Where m1 = mass of body 1

e m2 =mass of body 2
o V1 =velocity of body 1
o V2 =velocity of body 2= velocity of body 1 after collision= velocit after
collision Q
Where e = coefficient restitution

2
e In case of head-on elastic collision e = 1 @
o In case of head-on inelastic collision0<e <1
« In case of head-on perfectly inelastic collisio

her the process
lastic collisions, whereas kinetic
g an inelastic collision. In both

The procedure for analyzing a collision depends
is elastic or inelastic. Kinetic energy is con
energy is converted into other forms of en
types of collisions, momentum is

o Elastic Collisions
o Some kinetic energyis cohverted into sound energy when pool balls
collide otherwise| the'c8llision would be silent and a very small amount of
kinetic ener. o friction.
o However, the ated energy is such a small fraction of the ball’s kinetic
energy that we treat the collision as elastic.

ely. Assume that the collision is head-on, so we are dealing with only one
ension—you are unlikely to find two-dimensional collisions of any complexity on

AT Il Physics. The velocities of the particles before the elastic collision are "* and '?,

respectively. The velocities of the particles after the elastic collision are 't and 2 .
Applying the law of conservation of kinetic energy, we find:

1 . 1 1 . i .
2 2 2 2

— 1T —TRals = IS —fhalof

A 2
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Applying the law of conservation of linear momentum:

T+ mgin = g o+ g

e These two equations put together will help you solve any problem involving elastic
collisions. Usually, you will be given quantities for 1, ™2 "t and "#, and can then

manipulate the two equations to solve for 1" and "
e A head-on with the cue ball in pool, Both of these balls have the same mass, a

velocity of the cue ball is initially © . What are the velocities of the two balls after t
collision? Assume the collision is perfectly elastic

betors

= S f.i' )
— L ey

ifees

Substituting 't = 72 = 7
find:

Applying the same substitutiofs t@'the equation for conservation of momentum, we find:
i = e - e
0y =l + vaf

Ifw e this second equation, we get:

?:12 = uu’g + 'I',‘g-fz + darpfuad

By subtracting the equation for kinetic energy from this equation, we get:

Bt = 1)
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e The only way to account for this result is to conclude that v = 0 ang consequently.
vy o= vy

Inelastic Collisions

e Most collisions are inelastic because kinetic energy is transferred to other forms of
energy—such as thermal energy, potential energy, and sound—during the collision
process.

o The Kinetic energy is not conserved, in inelastic collision. Momentum is conse in a
inelastic collisions.

o The one exception to this rule is in the case of completely inelastic co

o Completely Inelastic Collisions

o A completely inelastic collision also called a “perfectly” or astic
collision, is one in which the colliding objects stick togethe pact.
o As aresult, the velocity of the two colliding objects is the sa er they collide.
o Because”t T ¥2 T ¥ question may be asked for 4
for eg. below two gumballs, of mass m and mass 2m respective de head-on. Before
impact, the gumball of mass m is moving with a velocity ', the gumball of mass 2m is
stationary.

}.r fx e

t, note that the gumball wad has a mass of m + 2m = 3m. The law of conservation of

entum tells us that "1 = 7% andso® = ¥1”*. Therefore, the final gumball wad
oves in the same direction as the first gumball, but with one-third of its velocity.
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._x

Oblique collision

Kinematics and Dynamics of Particles and Rigid Bodies

Plane Motion: When all parts of the body move in a parallel plane tig d

body said to perform plane motion. Q
« The motion of rigid body is said to be translation, if every n the body

remains parallel to its original position at all time 4
« Intranslation motion, all the particles forming.a r dy move along
parallel paths.
« If all particles forming a rigid body movealo

known as rectilinear translation.
« If all particles forming a rigid body ‘t ove along a parallel straight
thyth

line but they move along a curve gh it is known as curvilinear
translation.

arallel straight line, it is

velocity, acceleration, time ce travelled by the body. In straight line

Straight Line Motion: It define e equations with the relationship between
ist
motion, acceleration @ n

v=u+ at

Distance travelled in nth second:

1
5,=u+ :arjzn— 1)

e
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Projectile Motion: Projectile motion defines that motion in which velocity has
two components, one in horizontal direction and other one in vertical direction.
Horizontal component of velocity is constant during the flight of the body as no
acceleration in horizontal direction.

Let the block of mass is projected at angle 6 from horizontal direction.

u

FY
R range O
Projectile motion Q

Maximum height @ 'S
u’ sin” &

Hn’.ax = F:"c:r
-

Time of flight O
T 2usin g Q&

Range

7 .
1" sin 28

£ *

J en a rigid body move in circular path centred on the same fixed axis,
hen the particle located on axis of rotation have zero velocity and zero
cceleration.

« Projectile motion describes the motion of a body, when the air resistance

is negligible.

Rotational Motion with Uniform Acceleration: Uniform acceleration occurs when
the speed of an object changes at a constant rate. The acceleration is the same
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over time. So, the rotation motion with uniform acceleration can be defined as
the motion of a body with the same acceleration over time.

Let the rod of block rotation about a point in horizontal plane with angular
velocity.

( )/ -------------------- } -----
Rotational mc "nn
4
Angular @

de
m=

dt

velocity (change in angular displacem pQ time)

Angular acceleration Q

Where 8 = angle be een lacement.

locity, the various equations with the relationships between
velocity, d ment and acceleration are as follows.
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Where wo = initial angular velocity, w = final angular velocity, a = angular
acceleration, and 6 = angular displacement.

Angular displacement in nth second:

1
0 = mﬂ+:af(2n— 1)

i

Relation between Linear and Angular Quantities

There are following relations between linear and angular quantities i ational
motion.

2
e =lel=1

er and e are radial and tangential unit vector.

Linear velocity

>

Linear acceleration (Net)

: 2
a=w're+—e,
dt
2
Tangential acgel
ifv
a_’II =
(ra change of speed)

Centripetal acceleration
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Net acceleration,

Where ar = centripetal acceleration

a: = tangential acceleration

¥4 " .
P
Position of radial and
tangential vectors
Centre of Mass of Continuous : tre of mass of continuous body can be

defined as

ass about

fydm_fydm

@ [am M

« Centre of mass about
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« CM of uniform rectangular, square or circular plate lies at its centre.

« CM of semicircular ring
AN ] O
: ia

e« CM of semicircular disc 9

R?CM Iﬁ
: 3n

« CM of hemispherical shel @
o T \Q
— ' (O

« CM of solid helﬁ'

Th duct of mass and velocity of a particle is defined as its linear momentum

().
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p=my

p= g2iKm
-
dt

Where, K = kinetic energy of the particle

F = net external force applied to body

P = momentum O
Rocket Propulsion 0

2
Let mo be the mass of the rocket at time t = 0, m its maSsfat any time t and v its

velocity at that moment. Initially, let us suppose that theyelocity of the rocket

is u.

Rocket propulsion

o Thrust for theyrocket

rate at which mass is ejecting
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vr = relative velocity of ejecting mass (exhaust velocity)

Weight of the rocket w = mg
Net force on the rocket

—dm
Fo.=F—-w=v, [T]—mg

Net acceleration of the rocket

O
) O

E_m r

*
V=u—g+v, mo

m
Where, mg = mass of rocket at time t=0 O
m = mass of rocket at time.

3
™
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