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IMPULS- MOMENTUM-CARPI SMA
Linear momentum of a particle: The symboL denotes the linear momentum
and is defined as the mass times the velocitypzfrécle.
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ORNEK 1: THE LINEAR IMPULSE-MOMENTUM RELATION
Calculate the linear momentum of a particle of nmas40 kg which has a

velocity of V=3 +4 + & nyg
Cozum:

L =mv =10 +4j +3K)

kg —m
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=30i +40j +30k

Impulse of a force from timet; to t,: The integral of the force over the time
interval of concern is its impulse. The impulseadbrce is a vector given by the
integral
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ORNEK 2: THE LINEAR IMPULSE-MOMENTUM RELATION

Calculate the impulse of the forfe™ 211 T3] N from timet = 0s to timet =

2S.

COozum:

(2ti +32))c :(tzi_+t31)i§
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O =N

=4i+8 N-s
Newton’s 2 law: Newton’s second law states that the resultaatldorces
applied on a patrticle is equal to the rate of cleasiginear momentum of the
particle.

2F=L

This reduces to the more familiar statement of llusif one notes that in
Newtonian mechanics it is assumed that mass igaansnd, therefore,

L=rv+m =nma,

The linear impulse-momentum relation Integration of Newton’s"® law over
the time interval front, tot, results in

JXFdt=[Lld= [YFd=L(t)-L)=
t t t

ORNEK 3: THE LINEAR IMPULSE-MOMENTUM RELATION
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A projectile of massr=10kg having an initial velocity o/ = 3+4 nysis
subjected to a horizontal wind force as shown efthure. Calculate the
projectile’s velocity just after the wind has ended
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Cozum:
Linear impulse-momentum relation:

to
Ly + IZEdt =L, ()

8]

Ll =my, :]_O(Si_ + 41) :30i_ + 401 kg —m

t2 t2 2 2
[>Fdt = [(-Fyi - mgj)dt =~ F,dti -mg | dtj
=-10i -10(98))(2)j =-10i —1962jN -s
L, =mv, =10v,
Substitution into (1) gives:

301 +40j —10i ~1962) =10v,

= v, = 2i —~156]
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Therefor, the linear momentum of a particle is dehby the impulse of the
resultant force on the particle. There willdservation of linear momentum
only if the impulse of the resultant force is zero

For a system of particles:Consider the system of particles shown below. Each
particle in the system has a mas&nd at time; has a velocity;, and from

timet; to timet, is acted upon by the resultant external f¢gfcand the internal
forces of interaction between the particleg;ofAs a result of the impulse of the
internal and external forces on each particlena t, the particle with massy

has a velocity ;.
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Writing the impulse momentum equation for eachipl@rand adding them up,

=f

considering that Newton’saw requires thati = ii, we get fom particles

to
for my : myvy + .[(E1+1112+[13+...)dt:mly1
51
to
for my i mpvy + [(Fp +1 1+ 9o +.. 0t = Moy

ty

to
for m,:myv,+ J'(En +fg tfp +.. 0t = mny:]

ty

n t2 n n .
>mvi+ [(CF)dt =Y my;
i=1 t, i=1 i=1




Therefore, the total linear momentum of the systenhanged by the impulse of

the external forces. Recalling the relati®cm = zm\_/, we can rewrite this
equation as

ORNEK 4: THE LINEAR IMPULSE-MOMENTUM RELATION
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m; =5kg ‘ m, =10kg ‘

The two particles are moving at velociy =100 M/s gnd Vo =5 M/s jygt
before they collide and become connected. Calcthateelocity of the system
after the collision.

Solution:
Timet; Timet,
A1 Vo .
m; =5kg m, =10kg my m,

to
> my + szextdtzzmy*(l)
U

2. mv = (5)(10)) + AO)(5i) =100

kg —-m
S

to
IZEextdt =0 (Noexternaforceg

ty



> my =(B+10)Vi (Bothhavethesamevelocity)
Substitution into (1) gives
100 =15V i= Vv =667

m
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CARPISMA

Frictionless impacttmpact refers to the interaction of two partioldsen the
interaction interval is very short. Frictionlesspatt refers to short interactions
when there is no noticeable effect due to friction.
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The free-body diagram of the two particles dutimg collision is
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The impulse momentum for each particle is
I3
*
maV,+ [(Fy+ Noydi=muv, (1)
3}
Iy
*
msVp + |(Fy—Nmydi=mgvy  (2)
|

WhereE 4 and £z are the externally applied forces. The general isgu

momentum relation for this system will be
Iy

MV q+mpVp+ I(EA +Fg)dt =mgvy + mg¥y (3)

]

An empirical relationis used to account for the loss of mechanicalggnier the
impact. This relation is between the relative spbad the particles approach
each other and the relative speed that they seplaoah each other. This
relation is
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wheree is the coefficient of restitutigran empirical constant between 0 and 1.
The collision is considereglastic ife=1. In an elastic collision the magnitude of
the normal component of the relative velocity befand after the collision is

the same. The collision is considefaty plastic if e=0. In a plastic collision

the normal component of the relative velocity @& tivo particles becomes zero
(i.e., the component of the velocity of the twotdes in the normal direction
becomes the same).

Note that (3) is a linear combination of (1) anyl éhd, therefore, is not an
independent equation. Impact problems are solved) @juation (4) and a
combination of (1), (2), and (3).

When there is negligible impulse due to externedde The time of the impact

is assumed to be small.E4and 2 are bounded (must be less than infinity),

when one Iet:,(r2 —h ) go to zero, the impulse of these forces go to ae
one can simplify the above set of equations to get

MY 1)y v (Vg)y =mu(¥ ), +ms(Vs),  (5)
(v =(v): (6
(v5) =(¥s): (7

— (E; )F’I B (E;)ﬂ (8)

(Eﬂ)ﬂ o (EB )rz

Z

The subscripts andn refer to the components of the vectors alongl—l,,amd!
directions. Examples of bounded external forcesanstant forces, such as the
force of gravity, and forces resulting from motisach as spring forces. In these
cases, if the impact time is small, we can ignbeeitnpulse of these forces and
use equations (5)-(8).

The angular impulse-momentum relation



Angular momentum of a particle: The symboH denotes the angular
momentum and is defined as the moment of linear emum around the point
O, and given by the equation

Ho=rxL

ORNEK 1: THE ANGULAR IMPULSE-MOMENTUM RELATION

A particle of massn=10 kg is at position (1,2,3) and has a velocity

V=3+2 +K s, calculate the angular momentum of this plarabout point
O with coordinates (0,2,1). The coordinates aremivm meters.

COozum:

n =

=@1-0)i+ (2—2)1+ B-Dk
i+

2k m
kg —-m

L =mv =10(@3i +2j +k) =30 +20j +10k
Ho =rxmv = (i +2k)x @0 +20] +10k)
=20k -10j + (2)(30)j - (2(20)i

kg—m2
S

= —40i +50j + 20k

ORNEK 2: THE ANGULAR IMPULSE-MOMENTUM RELATION
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A particle of massn=5 kg is at the position shown and has a velocity

v=3+4 m/s. Calculate the angular momentum of this parabout poinf.

A y mv,, =(5)(4)=20
2 4y _ _

-— mv, =(5)(3) =15
P 1 J__1_1m
= I
| - X
-1 2
<3

3m

Solution:
Assuming counter clockwise to be positive

Hp = (3(20) - (15 = 45%kg - m* /s

Impulse of a moment from timet; to t,: The integral of the moment over the
time interval of concern is its impulse. The imputf a moment is a vector
given by the integral



11

Moment and rate-of-change-of angular momentum relabn: Starting from
Newton’s second law, calculating the moment of l=itled of the equation with
respect to a poir® on an inertial frame results in

This resulting relation between the moment and ke of change of angular

momentum is called the moment-rate of change ofilangnomentum relation
(MRCAM).

ORNEK 3: THE ANGULAR IMPULSE-MOMENTUM RELATION
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The motor M applies a constant mombhito rotate the particle. If the particle

of masan=20 kg starts from rest and the motor applies a emarlo=10 N-m,
calculate the speed of the particle after 10 sexosgisume the particle is fixed
to the bar at a radius of 0.1 m.

Solution:

t
Ho, + [ 2 Mqdt=H,, @)
i1
H, =0 (starts fromresty =0 )

ty 10
[> "M ydt = [M,e,dt =1000-0)e, =10Ce,
t 0

substitution into (1) gives
10Ce, = 2ve, = v=50m/s

The angular impulse-momentum relation Integration of Newton’s"? law
over the time interval fror to t; results in
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tr ty ty
jZMO dt = Iﬂodt:_[ 2 Modt=Hg(t;) -Ho(t)=

ty ty ty

Therefore, the angular momentum of a particle anged by the impulse of the
resultant moment on the particle. There willdo@servation of angular
momentum only if the impulse of the resultant motmezero

ORNEK 4: THE ANGULAR IMPULSE-MOMENTUM RELATION
10m/ s

L e
0.5m

smooth hce ~7 O

I ‘
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ParticleA of mass 1 kg moves on a smooth horizontal suidades connected
by a string to particl®. B has a mass of 2 kg. Parti@as released from rest at
time t=0 when particl@& has a circumferential velocity of 10 m/s and ausaf
0.5 m. Write the equation of motion of the system.

Solution:

Particle A:
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2F,=ma,=N-mg=0 (1)
> M, =0=H, = constant
Ho =rxmv =(re,)xma(te, +réey) = mar2de,
2/ 2/ 2 10
H, =constant> r°=r;6, = (05) (E) =5
=r20=5 (2

> F =ma, = -T =m,(i -r6?
=-T=r-rg> @

Particle B:

Mg g ‘ Mgapg

ZFZ =ma, = T -mgg = -Mgag
=T-(2)(98]) =-2ag 4
Kinematics relation:



15

r +| =constar=1 =-I

=i=-ag (5

Add (3) and (4) and substitute (5) to get

~19.62=F -rf°+ I

Substitution from (2) gives
25

-1962=3-% (6)
r

Equation (2) and (6) are the equation of motiortliersystem.



