l After studying thiz ehapter, the stugents will be able to: |I||

* $24%

Differentale hetween scalsr and veclor quantifies | O
Repressnta vecior in 2-0 e v perpandicular componsnts. t
Dweerbe the product of two waciors{dol and cross-product) along with thalrpoop ;
Darnve the equatione of modion [Fer uniform accelersdon casoe only. Do i definitions of
o+

valocly and acceleraiion os wel oe graphical ly] r
Sohw problames ueing the equatiane of matlon [For the cesae of mation Ina

siraight line, including the maotion of bedies feling in a mm ral fisld wihout &
rpsigiance. This ako Incudes sluations wharg the equations of naed o ba reschad Ino
werllcal and hovlzontal components for 2-D motion] A

Evalugte and mnalyse projectie motien Inthe absence of girmg -]

[Thie Inciudes eohving problams making uas of the bal 4
i) Horzontsl mmmmtf'u‘ﬁufvnlnﬂyiﬁmqff
i) Accskarabon is b the veriics dirschon and |

iy The horizontal motion and varfical
regising students lodetemine for projecti

- How hgh doss g7 )
- How farwould lwmnglhemgf?‘?

- Wharewould i be after glve

= How larsg will B remzin in ?

Eiluations mwﬁwmwﬂ: 1o celoulate fora projociile launched from ground height the
- [aunshangle matmmhﬂmmmmrm

s thatof & varlcally fras faling objscl.
Indapandent of aach othor. Sluations ey

- melation between anglss thatresultinthe sama range ]

Fradict g Eatively | p =i rasistance affects projectiie motion. [This indutes amElysis of both ke
horizontal comporent and vartical component of velocity and hance predicting gualit=ively the
renge of the ]

Bpply p% of consaration of momentum o solve simpls problems Including stastic and
izt s betwieen objectsin both one and wo dimensites.

Knowvladge of the concept of coaficient of mstttution = not required,

Examples of spplications nsiude:

- karets chops b brackas plle of bricks

= parcrazhes

= ball &bat

- The molian under Bt of 2 recked In 3 slrsight lne congldarng shom thrasts during which he
miass rama e conatant]

Pradict and analysa moflon for sleslc collsions [This Includes making use of the fact that for an
alastic colision, iolal kinatic anangy 15 conssrved and the rafzihe spasd of approach & soual o ihe
melative spend ofseparation]

Justify how the mamantun of 8 ciosed aystem & always consarved, ome changa i kinstic ansergy
may take place.
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BASIC CONCEPT OF SCALARS AND VECTORS

Soalars and vectors are basic concapta in physice. Many problems in phyaics require fo
distinguish between scalar and vector quantities to apply the comect mathematical and
conzeptual approaches, Understarding scalars and vectors belp us o grasp how
Fhysics applies to real-world situatfiens, such as cakculating the total distances travelled
{scalar) or datermining the magnitude and direction of force (vector). Leaming these
concepts develaps crtleal thinking and problem-zolving sklils. This chapter ls primarlly
congemed with vector algebra and its application in uniform accelerated motion, in a
straight line, maotion of frealy falling bodies in uniform gravitational fleld, projectie
motion, and interaction batweean cbiects inone and two dimensions.

2.1 SCALARS

Scalars are physical quaniities that are described solely by & magnitude (size or
amount} without any mention of direction. Thus, scelers are directionless and can be
fully characteiized by a singls number and s assoclatadunt.

Examples:
Masgs: Thea amount of matter In gnobjegt. Forsxample, 2 kg.

Distance: The total length of the path travelled by an object Irespectiva of the
direction. Forexample, S0m.

Shead: Tne rate at which an oblect covers distanss. Foraxample, 40km b,

Time: The duration between bwo svents taking place. Forexample, 20 s.

Energy: The capacily to doweark. Forexample, 25 J.

Temperature: Amsasura of the avarage kinslic enargy of particles in a substance. For
axgmple, 20°C.

2.2 VECTORS'

Those physical guantiies which reguire magnilude as well as direction for their

complete specification are known as veclors.
Examples:

Displacement: The change in position of an object. It has lergth, s distance
{magnilude) and a direction {e.g. 10 m owards west).

Valocity: Tha speed of an object In a particular direction [e.g., 50 km h towards
west),

Acceleration: Tha rate of change of velocity that ocours in either speed or direction or
both {8.9.. 10ma” upward).

Force: A push or pull aciing on an objed, delermined by its magnitude ang
direction {&.g; 20 N to the right}
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Graphlcal Representation of a Vector

A good way to represent a vector gquantity is to use a vector diagram, in which vectors
ara ofton represented by arrows. Tha length of the arrows Indicates the magnliude ang
the haad of the amow shows the diraction of tha vector. Vactors ara typically denoted by
bold face lefters {e.q; V, F) oran amow above syntml{ﬁ:}.

Recta ng ular Cam pohea nts of a Vector

A component of a vector is its effective value in a given direstion. A vector may be
considered as the resultant ofits component vectors along the specified directions. Itis
usuglly convenient 1o resolve a veclor into its components along .the mitually
perpendicular direciions. Such components are called rectangular componsnts.

Let there be a veclor A representzd by a line OF making
an angle 8 with the x-axis. Draw projeclion OM of vector A
on x-axis and projection ON of vector A on y-axds as shown
in Fig.2.1. Projection OM bsaing along x-direction is
represented by A, and projection ON along y-direction is
represented by A By applying haad totail rule:

AmR AL @Ay,

o A, Mox
Fig. 2.1

Thus, A, and A, are the comoponants of veclor A. Since these are at righl angles fosach

other, they ara callad ractangular components of A. Considering tha right angled

triangle OMP. the magnitude of A, or x-cormponent of Ais:

A SACOR0 ..y oein e k2D
And the magnitude of A, or y-component of A is:
A=Asing D (23)

Determination of aVector from its Rectangular Components

if the rectanguiar companents of a vactor as shown In Flg.{2.1) are given, we can find
out the magnitude of the vector by using Pythagorean Thecram.

Inthe right angle ACMP
(OPY =(OM] + (MY
or A =ACAA e bl (24

or A=+ A

Tha direction 8 is givan = —=
given by oM A

or 8= tan’ {Ai‘j et DY
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@ Ewample 2.0 | Find the angle between two forces of equal megnitude when the
magnilude oftheirresullant is also equalto the magnitude of either of these forces.

[ Setuvion  Let & be the angle betwean two forces £ and F, , whare F, is along the
x-axis. Then x-component of their resuitant will oe:

R=Ffcel+Fcogd
R,=F +Fcosd

And y-componentaf their resultant is
F=Fsin0+FsnA

R, =F,sing
TheresultantR isgiventy R*= R, +R;
As R = F,=F,=F
Hence F* = (F+Foosb) +(Fsing)’
F* = F* +F’c0s’0 + 2F" Gos 0+ F'sin'e
ar 0 = 2F'cosh+F* Ecna\"‘&"'ssn
or 0 = 2F° msH+F‘ 0= F* {20050 + 1)
Az F=0, g0 Zoosd = 1=0
or cosd =-05
or # = cod'(-0.5) = 120°

23 PRODUCT OF TWOVECTORS

Thers ars two types of vestor multl plications. The product of these two types ara known
as scalar product ard vector product.

Ifthe pm{ﬁﬁftwo veciors results In 3 acalar quantity, itis
mﬂadsmjm' product while i the product of two veclors
mnuﬂa‘hamntnrquantiy, itis callad vactyr product.

Scalaror Dot Product

The scalar product of bwo vectors & and B is writlen as AB and is defined as:

AB=AHBcosD.................. (2.6} -
where 4 and B are the magnitudes of vectors A and B and 8 is |
the angle between them. |
For physical intarpretation of dot product of two vactors A and :
B, these are first brought to 8 common origin (Fig.2 2-a) then, L '

AB =Alprojaction ofBon A) - g
ar Fig. 2.2 {r)
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A. B=A(magnitude ol componentof B in thedirectionofA ), Fig.2.2)
=A({Boosd) =ABcosd

Similarky B.A= B{Acos®)=0Acos B

This type of product when we consider the work done by

aforce F whose polntof application moves a distance dln

a direction making an angle & with the line of action of F, o
asshowninFig.2.3.

Waork done = (Effective component of force in the
direction of mation) x Distance moved

={Fcoal)d =Fdeosl
Using vector notation:
F.d =FdcosE=Workdone
Characteristics of Scalar Product

1. Sinoe A.B=AB cost and B.A = 8A coa 8 = ABcog b, henoe, A.B = B.A. The order of
muldplication | Irralevant. In oiherwards, scalar product Is commutativie.

The acalar product of two mutually parpandicular vechors (8 = 90"} is zero.
AB=ABcos8r=0

ha

3. Thescalar producl af two parallal vectars is aqual fo the product of thairmagnitudes.
Thus, for parallel vecions {6 = 0°).

AB=ABcos("=48
For anliparallel vactors (8= 1807 )
AB=ABcog 180" =-A0
4 Thesalf product of avector A is equal fo square of its magnitudea.
Ab=Adcos("=A"
5. Sanlarprql;_ljfgtdfhmvadurs A and B in terms of thair rsctang Ular companeanis

AB=AB A B4 AL, .o (2T

Equation {2.6) can ba used to find the angle betwesn two vectors. Sines,
AB=ABcosl=A B, +A.B +A.B,

a= AL, + A8, + 4.8,

2 e [2.8)

Tharafore cos
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Vector or Cross Product
The vector product of two vectors A and B, is a vector which is defined a=s:
AXB=ABSINON .oooooerrn (2.9}

where fi s a unit vector perpendicular 1o the plane
containing A and B as shown in Fig. 2.4 {a). s direction
can be determined by right hand nule. For that purpose,
place fogether the tail of vectors A and B {o define the
plane of vectors A and B. The direction of the product
vactor (s parpendicular to this plane. Rotate the First
vector & into B through the amaller of the two possible
angles and curl the fingers of tha right hand in the Flg- 24a)
direction of rotation, keeping the thumb arect. The direction of the product vector will ke
aleng the erect thumb, as shown in the Fig 2.4 (b). Because ofthis direction rule, BxAis
avactoroppositein signto Ax B(Fig. 2.4-c). Henca,

AxB=—BxA........{210) ~ 1

-
=
-

BXA

Pl 2408) Fig. 24{c Fig. 2.4d)
Characteristics of Cross Product
1. SincsAx Bisnotthe seme as B x A, the cross product is non commutative. so,
AxB = BxA
2. Thecross product of two parpendicular vectors (6 = 309 has maximum magnituda.
AxB=AB sing0*n =A8n

3. The cross product of two parallel or anti-parallel vectors is a null vector, because for
guchvactors 9=0°or 180°. Hancs,

AXB=ABsin0°f =0 or AxB=ABsin180°h =0
As5 a consequence AxA=0(8=0%
4. The magnitude of A x Bis equal to the area of tha parsllelogram formed with & and B
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a5 two adjacent sides (Fig.2 4-d),

Examples of Vactor Product

I.  When a force F is applied on a rigid body at a point whose position vector is r from
arny point on tha axis about which the body rofates, then the turning effect of the
force called the torgue « is given by the vector productofrand F.

t=rxF

ll.  The force F on a particla of charge o and velocity v in a magnatic fisld of strangth Bis
given by vecter product of v and B.

F=g(vxB)

2.4 EQUATIONS OF MOTIONS o )

Eqquations of mofion can be used to describe the mation of an abject in terma of its three
kinematic variables: velocity v, posilion S and lime & There are three ways lo pair theze
variables up: velocity-lime, pesition-time and velocity-positien. In this order, they are
called first equation of motion, second equation of motion and third equation of motion,
respactively.

; J.f-.t-rllrf_l‘ Foroe and Motion [

Thase equations of malion can only be applied lothose objacts, which are moving ina
straight linewith constiantaccalsration.

Derivation of First EquationofMotion

Suppoes a body |s moving with uniform acceleration along a stralght line with an Initial
velocity v, . Suppose its velocily changes from initial value v, to a final value v, in time
intarval £ Then the accslaration produced inthe bady during this time interval is given as:

=..Li_.£.
Rearmanging, we can write
v-w, = at
. visvhal..... 2070

This is the first equation of rmotion. it correlates the final velocity altained by & body with
initial velacity and the time interval §, when movingwith constantacceleration a.

Derivation of First Equation of Motion By Graphical Method
First equation of motion can be derived using velocity-time graph for an object moving
with Iniial valocity v, inal velacity v.and constant accalaration a.

Let the velocity of a body at point A bs viwhich changes to v.gl point B in time interval tas
shown in Fig.2.5. A perpendicular BD s drawn from point B o x-azis and another
parpandicular BE from B on y-axis, such that
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OA= ¥ = Initial velocity ofthe body
OE = DB =y =Final velocity ofthe hady

From the graph, it can observed thet;

DB=DC+CB

DE=0DA+CB {As 0OA = DC)
Therefore v, = CB+v........... {2.12) Flg. 2.5: Velosity-Time Graph
The value of CB inthe above sguation can be determined by taking tha slope of line AE,
which isaqual fo acceleration a.

o B
AC
Az AC= f
So 8= E
f

or BEwa (2.13)

CombiningEge. (2.12) and (2.13), we have

v.= vtal

This is the first equation of motion.
Derivation of Second Equation of Motion

Suppose a body is moving with uniform acceleration & along a atraight fine with an initial
velocity v, which become v, after ime intervel t, Let it covera adistance S ina particular
direction during lime {# then using the definition of welocity as rate of change of

displacament, wa cariwrita

Velocity = Displacement / Tims
or Dilsplacemant = Valaclty x Tima
Ifvelocity ofthe body ks nol constant, we can use averege velocity instead of velocity.
Thus Displacament = Average velocity * Time

Displacement = {Initial Velu:ity; {Final velocity) x Time

_ e )
8= = - =t

Using first aquation of motion, S = w; :

s - 2utet),
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A8=2vi+a’

S=utr L af L (214)

This s the sacond equation of motion.
Derivation of Second Equation of Motion by Graphical Method

Sacond aquation of molion can ba dadved using velocity-tims
graph for a body moving with Inltial velooity v, which attainz 2 i
final value v, in time interval { While moving with constant
accelsration &, it covers a displacement Sintimet. i

It can be seen Trem the graph that distance travelled by the g
bodyis, S=wvxl a-
Also S =Aras ofthe figure OABD Fig. 2:8; Velocity-Time Graph
S = (Area of the reclangle CACD) + (Area of the triangle ABC)
= (OAXOD)+ .2‘- {AC x BC)

As QA= vand OD=AC = {. S, the above équation becomes:
5= v,xt+%ﬁ x BC)

Here BC = af{From graphlcal representation of first equation of motion). By putting this
value in the sbove equation, we have

¥ 1 ,
=vtt S(Ix al’)
§= vr+—1-qt-"“7‘..
N

Thiais the sacond aqustion of motion,
Derivation of third equation of motion

Consider a body moving along a straightling with an initial velocily v which attains a final
valua ¥, in ims L. Let the displacemeant of the body ke S during this time interval. Than,
we canwrita;

Displa ! =tlniﬂa‘r velogity ;—Finalvelul:ily)ﬂime
g = —I:'f,. ;W}XI
B8 = MERIRT s (R S)
Liging the: first equetion of motion:
v, = wtal
or R o
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Putting the value of tin Eq. {2.15)
28 = (¥, +4)(——")

288 — v _ v
Thizis thethird equation of motion.
Derivation of third Equation of Motlon by Graphlcal methed

In the speed-time graph shown in the figure, the tolal distance S travelled by a body is
given by the area OABD under the graph, such that

= -; (Bum of parallel sides) » Haight

§= Ji (OA+ BD) =0D

Since OA=wv,, BD=v, and QD =1
The sbove equation becormes: ?
5= %{b&-ﬂ&}xr g
From first equation of motion, g
Tre — [a]
foi N = ¥ Flg. 2.7: Vidoalty-Tirme Graph

Putting ¢ in above equation
s = 1+ q}@

or ; =%{Vr+ w}(h? ;Ui}

it A e {2.16)

Thisis the third equation of motion.

The aquations of motion ane useful in solving the problema relating to linsar motion with
uniform acceleration. when an object moves along a straight line. If its direction of
motion dogs not change, then all the vector quantities can be manipulaied like scalars.
In such cases, inital velocity is taken as poasitive. A nagative sign i3 assigned o
guantities where direation is oppesite to that of inilial velooity. In the absence of air
resistance, all cbjscts in free fall at the surface of the Earth, move towards the Earih
with & uniform acesésration, This accelaration |5 known a5 accaleration dus to gravity,
denated by g and its average value at the Earth surface is taken as 9.8 m s™ in the
dewnward direction. The equation for uniformly accelerated molion can also be applied
to frea fall motion of the object by replacingaby g.
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| Enample 2.7 || Acar iravalling at 10 m s accalarales uniformally at 2 ms”. Caleulate
its velocity efierbs.
sowvonh v=10ms’
a=2ms"
f=53
V=7
Using firstequation of motion, ws can write
v,=v, +af
vi=10me"+2ms"xEs
v,=10me" + 10 me"
¥,=20ms’ >,
{ Ewsmpie 23 T A car travals with Initial velocity of 15 ma'. It accsierates et a rate of
2ms’ ferd seconds. Find the displacementof the car:
v=1ams"
a=2ms”
t =45
Displacement 5=7
By using 2nd equation of mefion,

g e-iﬁ_ﬁ%at‘
Putting the values

. .. ) I {(15ms'x48)+ %(2 mad}{4 s}

A S=Tém
{ Emsmplz 2.8 | In & short distence race, a contestant in a car starts from rest and
reaches the velogity of 300 km b, afier covaring a distanca of 0.45 km at a constant
accaleration, Find this constant accalaration.

Asctwonl  |nitial velocity=v,=0
Final velogity = v;= 300 km K"

v - 300X1000
60 <60
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=8333ms’
Digtance covered = S=045km=045x 1000 m =450 m
Lising third eguation of motion, we have
v =y =2a8

(83.33m 5" — (0F =2xax450 m

_ 694388 s?
S00m

a=772 ms?

2.5 MOTION UNDER GRAVITY >

-

A body falling frealy under the action of gravity s the most famillar example of uniformly
accelerated recfilinear motion. According to Gallic; all bodies fall freely {in vacuum}
under the: aooeleration due to gravity, denotad by ‘g’ lts sxpedmentalvalus is 9 8 ms"in
Sl units. This means that differant bodles, when allowed to fall from the same height,
sirike the: ground with the same velocity. As regards the sign of g, il is faken positive fora
falling bady {when Inidal valoclty s zéro} and nagativa for a bady projactad verilcally
upward {whan initialvelocity iz not zarn).
The equalions of motion for a freely Talling body, on putting a = g, become

v, =¥ + gt

Y 1.
S=h= vt + 5 gt
v, ¥ = 2gh

o Eeample 2.5 MAn iron ball of mass 1 kg is dropped from a tower. The ball reaches the
ground in3;34's. Find: (a)the velocity of the bal| on striking the ground, (b} the height of
the tower,

[ Sohuttan’  Bince the ball is felling under the action of gravity, we shall putt 2 = gin
aquations of motion

Mass of the ball =1kg
Time: taken o reach ground = 3.34 5
Initial walocity v,=1{
Finzl velocity W=7

Acoelration a=g=98ms’




]

Trtpic i &,

{a)  Using frst equation of maotion:
v,=y+gt
v,=0+@8ms7){3348)
v,=327mg’

{by  Using third equation of motion:
'l"r:_ “lz - 29-“1
(B2 ms' ' —{0Y=2x98ms’z 5

b o 1069.29 m’ &
196ms’

h=5456m

26 PROJECTILEMOTION

[ &
Chupten & Foroe and Motion

Yt

Upstll now we have baan studying the motion of a particlaalong a straightline i.e., moticn
in one dimension, Now we consider the motion of & ball, when il is thrown horizontally
from certain height. It s cbserved that the ball ravels forward as well as falls downward,
until it strikes somathing such as ground. Supposa that the ball laaves the hand of the
thrower af point A(Fig 2.8-a) and that its velocity at that instant is completely

heorizental. Lel this velogity be v, According to Newton's
first law of motion, there will be no acceleration in
horizontal direction, unless a horizontally directed force
acls on the ball. lgnoring the air iction, only forea
acting on the ball during flight is the force of gravity.
There is no horizontal force acting on it. So, its
horzontal velositywill rathain unchanged and will ba v,
untll the ball hitsthe ground. The horizontal motion of
ball is simple. The ball moves with constant horizontal
valocity compohent. Hence, horizontal distance x ia
givenby

SC R0 | T % &

The vertical motion of the baill iz aiso not complicated. It

will accelerate downward under the force of gravity and
hence a = g. This vertical motion is the same as fora
freely failing body. Since initial vertical velogity is zero,
hanca, vertical distance v, using Eq. 2.14 |s glven by

1
= gt
¥ 25’
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It is not nacassary that an objeat should be thrown with some initial velocity in the
hortzontal diraction. A foolball kicked off by a player; a ball thrown by a cricketer and a
missile fired from a launching pad, al projected at some angles with the horizontal, are
called projectilea.

Pl'ﬂ]ﬂdllﬂ motion & two dimanaional motion
under constant acceleration due to gravity.

In such ceses, the moation of a projeclile can be siudied easily by rescliving it info
horizontal and vertical componants which ere indepzndent of each other, Suppose that
a projectlle 15 fived In a diractian angle 8 with the horlzontal by valochy v, as shown In
Fig.2.8(b}. Lel compcnents of velocity v, along the herizental and vertical directions be
v,cosfl and v sinfl, respectively. The horizontal acceleration is 8, = O because we have
neglacted alr resistance and no other force Iz acting aong this dirgctlon, whereas the
verlical acceleration is a,=g. Hence, the horizontal component-y, remains constent and
atanylime i, wa have

Ve = Va S VO0S Bininnrnnnnnin s (2 18} [§ tntaraating imformation | I

Now we considar tha vartical mation. The initial vatical
component of the velocity is wsin® in the upwsard
direction.

The wvertical component v, at any instant ! can ba
determined by considering the upward motion of
projectile as free fall mofion {8, = —g). Using 1st
aquation of mafion:

¥y = v sind—gi {219}

The magnilude of velocity at anyinstant is:
O )
: A phologmph of two balls reldased

The angle¢which this resultant velocity makes with the  slmuimnecusly fom a mecharisn that
aliws one bel 1 drop frecly whie Inc

horizontal can be found from Giier 15 orotwied Rt At o
¥ time e two balle areral iha same el
teng = X {221 i@, Iheir verical displacements are

L gl

In projectile motion one may wish 1o determine the height to which the projectile rises,
the time of flight and horizontal range. These are described below,

Height ofthe Projectile

In order te detarmine the maximum helght the projectile attalns, we uss the equation of
motion:
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2a8=v v
Az body moves upward, a = - g, the Initlal vertical weloclty v, = keind=vas v, =0=v,
pecsuse the body comes to rest afterreaching the highest point, Since

S = haight = h

-2gh =0 -v'5in%e

v’ sin®0
g T

Tha height of projectile will be reduced in presence of air resistance, In ihe presenca of

airresistance, the upward velogity of the projectile will decrease and hengeits heightwill
also decraase during ima t.

Time of Flight

Tha fima takan by body to covar the distance from tha place ot its prajection lo the placa
where it hits the ground iz called the time of flight,

This can be obtained by taking 5 = h = £, becausa body goes up and comes back io the
sama laval, thus covering no vertical distance. If the body Is projecting with velocity v,
making angle & with the horizontal, then its vertical component will ba v.sint. Hence, the
equation of motion s:

or h=

.. [2.22)

5= 'u;H%gF
= g o | P
0 = v sing! zgt
(= _?-“-?F;;“‘“ s (228

where { iz the time offlight ofthe projecile whenitis projected from the ground.
Range of the projectile

Meximum distance which a projectile covers in the horizentsl direction is called the
TGS ONLN e,
Ta determine the range Rof the projectile, wa mulliphy the
horizontal companent of the velocity of projecton with
total ime taken bytha body to hit tha ground after leaving 5

the pointof projection. Thus, x wm.
I
R=wy xt Fange
i For an angle ez than 467, tha
or R = % 080 X2 el 1aachad by s projaciis and
g ha farge both wil be lese. Whantha
¥ g R T
B
or R= g 2 zinf cogd hﬂn“myr:m mare
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As2sindcos § =sin 20, thus, the mnge of the prajectile depends upon the velocity of
projectionand the angle of projection.

b
Therafare R= —‘gr-sin B0 oy (224

Formaximum range R, the factor sin 20=1, 30
20=sin' {1} or 26=90" or G=45°

Air resistance will slow down projeclile forward mofion, reducing its velocity v. The
reduction in v, will resultin a decrease in the range of projectile.

Furthermore, air resistanca is nol constant throughout the fight of the object. As the
objact slows down, the air resistance experienced by it also decreases. Thiz means thal
thie ohject retards more slowly and accelerates more slowly asit falis down. This resulis
In a frajactary that Is not parfectly parabolic but I skewad, with sleaper dascant than
ascanl

| Eample 2.6 | A ball s thrown with 2 speed of 30.m &' In a direction 30° above the
horizon. Determing the height towhich it rises, the fime:of flight and the horizontalrange.

ffebiony  Initially y
V. =V, cos6 =30 ms’ x cosdD" = 25.98 m s
v, =v,sind =30 ms’ x5in30" =15ms’

Az tha time of flight, is
i = zvrm - I_ Fgr your Information l
i~ Bt v -
4 - idesi Faln
=;2;:“’"_:' % (0.5)
F A omS
) Actual Path
So .f.z E:N:'iﬁms":&.,Ia
h 9.8mst
\) VsinZa rwl:ra;amw quLmr;mi':&
Height h= 'L"EE—" fails shar Jﬁlmlep%n. ;
G0 o {30m s'y{0.5)
186 ms*
= 1.5m
2 -
Range R= %siniﬁ = %snaa‘*
o S {30ms'y x 0.868

9.8mst
= 7T89.683m
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27 MOMENTUM

Wi are aware of the fact that moving cbjsct possesses a guality by virtue of which it
exerts a force on anything that tries to stog it. The fester the cbject is tmvelling, the
harder It le to stop It. Simliady, if two oblects move with tha eame velocity, then it s more
difficult to stop the massive of the two. Newion refemsad to this property as “momenium”,
a vector quantity defined as tha praduct of an objact's mass and velocity. This term is
now called linear momantum pof the body and Is defined by the relation:

PEMY weomren (225)

In this axpression, v is the velocity of the mass m. Linear momentum (s, therefore, a
vector quantity and has the direction of velocity. The SI unit of momentum ig kilogram
metre persecond (kg ms'). It can also be expressed as newton segond (N 5).

Momentum and Newton's Second Law of Motion

Conaider a body of mass m moving with an iniial velocity v, Suppose an extemnal force F
acts upon It for time ¢ after which veloclty bacomes v, The acceleration a produced by

this force is givenby v, - v, | Folnt to pondec? i
i _ init £ pe i
t
By Newlon's second law, the acceberation isgiven as:
F
a= —
m :
Equsting the two exprasaions of accalerstion, we have R
E W= 3
m t s
ar Fat =iil¥, = m¥ ... [226)
where rw, is the initial momentum and mv, is the final (k)
momentum of the bady. Which hurt you |n the above

atuations (a} o (b) and fink why?
The equatiun (2.26) shows that change in momentum is.
equal to the product of force and the tima for which force s’
applied. Thisform ofthe second law is more general than the ﬁ;ufse?mm oiject expedence
form F=ma, because itcan easiy be extanded te account Tor
changes as the body accalprates when s mass also
dlangu&.anrexlample. asa n:luuket umslsr&ft&ﬁ. itloses maa;n i Rk S o
becauseits fuel is burmtand ejected to provide greaterthrust. . o vour ekul. A force of

§l Paint to pander 5

From Eg. (2.26) & N might be-anough to fractre
F v, — iy your naksd ehull {ereniumd, but
f wiih acovering of sicn and hair,

Thus, sacond law of motion can also be stated n terms of & force of 50 N wolld be
momentum ss: neaded.
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Time raia of changs of momantum of & body [s aqual to the applied force.

Impulse

Somatimes we wish to apply the concept of momentum to cases whera the applisd force
is not canstant, itacts for very shorttime. For example, when a bat hits a cricket ball, the
force certainly varies from instant to instant during the cofision. In such cases, il is more
carvenlent to deal with tha product of force and ime (F x £ Instead of alther quantity
alone, The product of everage force F that acts during timetis called impulse given by

Impulse= Fxt=my, —mv, ............ {227}

{ Example 2.7 [ A 1500 kg car has lis velocity reduced from Zﬂms I:tﬂﬁrn 5'in3.0s.
Hawmgums the averaga retarding force?
[sowton)  Usingthe Eq. (2.27)

Fxt = mwv,—m,
Fx3Ds= 1500kgx15ma’ -15{:&;5;2{] mg'
or F =-2500 kg ms* _
=_2500N= —2.5kN |

The negative sign indicates that iha forge is retarding one.

Law of Conservation of Momentum

Let us consider an isolated system. Itis 3 system —»
on which no external agency exers any force. For Q @
example, the molecules of a gas enclosed in a

glass vasss at constant lemperatura constitute an
izolated system. The molecukes can collide with
ong angther because of their random motion, but
baing enclosed by glasa vesasl, ho extarnal

agency can exarla force onthem,

Consider an isolated system of two smooth hard F— —p
interacting balls of masses m, and m,, moving
along the same straight line, in the same direction,
with velocities v, and v, respectively. Both the balls
caollide and after collision, ball of mass m, moves

with velogity v} vand m, movas with velocity v} in 2y L
the same direction as shown In Flg. (2.9). O L
To find the change inmomenium of mass m,, m, : m,

Using Eq. (2.27)as: Fig. 23
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Fut=mw - my,
Similariy, for the ball of masa m,, wa have

Fxl= myt— my;
Adding thesa two expressions, wa have

(F+F)t = (my - mp)+ (myv)-m,v,)
Since the action force F i3 equal and opposile to the
reactlon farce F', wa have F' ==F, or F+F' =0 scthe
Hﬁhﬂﬁd S‘iﬂeiﬂ the Equﬂﬁoﬂ isZero, HEHC.E, When a moving W,_‘mpg quickdy,

- n forward
= (M=, 4 (M= ) nris b S St

Inather words, change in momentumof 15t ball + change Shange the iarces of mation and

. : tithe f
in momentumofthe 2™ ballis zero. :mjm E:?};T;%ﬁ?

or (my+tmy) = {my+mv,) . (228) R e

Which means that total initial momantum of the system before coliision is equal io the
total fing! momentum of the syslem after collision. Conseguently, the tetal change in
momantum of the isclatsd two ball system is zaro.

For such & group of objects, if ong cbject within the group experiences a foroe, there
must exist an egual but opposite reaction force on other object in the same group. As &
result, the changs in momentum of the group of objects as a whole is always zero. This
can beaxprassed in the formof law of conservation of mementum, which states that

Tha total linear momentum of en isolated sysiem remains constant,

Irt applying the consarvation law, we must notice thatthe momentum of a body is & vactor
quantity.

{ Enamgic 2.3 ||| Two-apharical balls of 2.0 kg and 3.0 kg
MESSEs ang mmgmrd: gach cther with velocities of
B0 m s and 4 m 7, respectively. What must be the
velocity nﬂ'ﬁwﬁu&iler ball after collizion, Ifthe velocity of
ﬂ'ﬁbggﬁrbaﬂ is3.0ms?

{Solutian]  Asbothihe balls are moving towards one
another, so their velocities are of opposite sign. Let us
suppose that the diraction of maotion of 2 kg ball ls
positiva andthat of the 3 kg is negativa.

The momenturn of the systam hefore collision is:

my, +my, = 2kgxBms'+3kgr(-4ma') Amciroydesssel relnctis

- L A= firne of any collision o prevent
12kgms'—12kgmse'=0 ml“mm'
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Momentum of the systemn after collision = mv, +mw
=2 kgxv{+3 kax(-3img"
From the law of conservation of momentum
[Mumantum of the syﬂmn} = [anmlum of the wswm]

before collision = | after collision
0 = 2kgxvi- 9kgms’
vi = 45ms’

2.8 ELASTICAND INELASTIC COLLISIONS

When a tennis bzl is dropped an the floor vertically, i may not rebound (o its initial height.
It is because, a porfion of K.E. is lost, partly due to friction as the molecules in the ball
move past one ancther when the ball distorts and partly due taits change into heat and
sound enargies, Similar is the case when fwo tennis balls collide with certain velocilies,
thair final kinetic energy may ba lass than the total nitial Kinetic enargy.

A collision in which the K.£. of tha &ystem is nat

conserved, is called inelastic collisicn,
Undar certain special conditions, no kingfic anergy is lost in the collision erimpact on
hitting the floar. Such type of ccllision is said to be elastic collision.

Forexample, when a hard ball is dropped onto & marbtle floor, it rebounds to very neary
the inifial height. It losas negligible amount of enargy in the collision with this Toar. [Lis to
be noted that momentum and toial energy are consarved in all types of callisions.
However, the K E. isconserved enly ifitis an elagtic collizion.

Elastic Collisions jn One Dimension

Congider two smooth, nen-rotaling balls of masses m, and s
m, moving inttially with velocities v, and v, respectively, in Q Q
the sama direction. They collde and after colllslon, they

mewve along the seme straight line without rotation. Let their i e
velocities after the collision ba v, and v, respectively, as Sefors collshin
shown in Fig.{2. 10).

Wi take the positive direction of the velocity and momertum

Vi ¥y

— — .

to the right. By applying the law of conservalion of O
. m

momentum we have
(N + MY, ) = (M + myv;) Aftar col Inlon
MmN =¥ = A=) e [2.289) Fig. 210

Az the collision is elastic, so the K.E. is conserved. From the conservation of /CE.,
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1 1 1 2 q
wa have e z —m¥” + _maZ
5 W zmz'ﬁ 2”‘1 f zmz 1

ar my(v =) = m, v - ')
or mlvct v M- el twediv-w) L (2.300
Dividing Eq. (2.29) by (2.30}
(v +v =0 +w) . {2.31)
or (v, - ) =(vi-w)= -§-w}

We nota that, before collision (v, — v,}is the velocity of first ball relative torthe second ball.
Similarly (v, =v".} is tha valocity of tha first ball ralative to the secand Ball after collision. It
means that relative velocities before and aefter the collision has the seme magnitudes but
are reversed after the collision. In other words, the magnitude of relative velocity of
approachis equsl o the magnituds of relative velocity of separalicn.

In eguations (2.29) and (2.30) m,, M., ¥; and v; are known quentities. We solve these
aquations ta find the valuez of . and v; which are Unknown. The rasults are

e casa (1)
woa M= My, 2M, . (232) W %
m,+ m, m,+ m, i, — —b
i
; 2m m —ﬂ'i' . O
v = Lyl 2 Dy 235
: m1+ 'mi 1 m'|+ "Hz‘! ] &F:kﬂnﬂli-i::

viEw,  vE ]
Thers are some cases of special interest, which gre discussed below, P
{i) When m.=m,
m m;

From Eq. (2.32) and (2.33), wefind that Alter-olwion

Fig. 2.1

cana (i}

L
oo %

and \[; =, iﬁ.ﬁhm in Fig. 2;11} L]

V.
() When m,=m,andv,=0 Q
( .&1; ™

It this case, the mass m, be at rest, and v, =0, than

Eqgs. (2.32) and (2.33) give Bators collsian

v =0 - .“,; = ¥,=0 'I!I,= ¥,
When m, = m, then ball of mass m, after collisicn will come to B Q
stop and m, will take off with the velocity that m, originally had, - e
as shown in Fig.{2.12). Thus whan a billiard ball m,, moving on Atroniieian

Fig. 2.12
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a table collides with exacty similar ball ri, at rest, the ball goae (1)

¥ v Ll

m, atops whila m, bagins to move with the 2amea valocity, — 'y
with which ., was moving initally. @ Q
{iiiy When a light body collides with 3 massive = L

body at rest Ba‘r:'imt’h“ $oa
In this caze nitial velosity v, = 0 and m,>>=m,. Under these —
conditions m, can be neglected as compared to m,. From Q Q
Eq.(2.33)and (2.32), wa hava v, =-w,andv; =0 m‘ m
The result is shown in Fig.(2.13]. This means that m, will Fig. 2.13 SN
bounce back with Ihe sama velaclty while m, will remain case [iv}
staficnary. This factis used of by the squash player. i
{iwv] When a massive body collides with light 1 h{}

stationary body pird

o Ty

In this case, m,>=m,and v,= 0, s0 n1, can be neglected in Betors collzlon
Eqe.(2.32 and (2.33). This glves v = w, and V', = 2v, ., "'i:'; v, 22w,
Thus, after the collision, there is practically no changein —
the velocily of massive body, but the lighter one bounces (n?
off in the forward direction with approximately twica the "y :
velocity of theincident body, as shown in Fig.£2.14). Fig. 2.14 After codlision
2.9 INELASTIC COLLISIONIN ONE DIMENSION
Consider two bodies having massss m, Betare soillskon m

and m., moving with velocities v, and v, \ v i v,
along the same line such thatv, > v,. In Q_b Q_b
such & caze m, ia regarded. 82 projectile '

and m. s target. Afer time { both the AL e e

bodies make inelastic collision and stick
together, Let thair combined mass
beoaome m, + my which maves with final
valocity wiafter collision. Flg. 2.15
Sinca the collision is perfectly inelastic, the total momentum of balls is conserved. Using
law of consarvation of momantum.

Total mamentum of eystam bafors collision = Tolal momentum of the system after collision
my tmy, = (m by

ey

= M oye Moy e

mil-m,_ m1+mz

Which gives the common velocity of the body after inelastic collision.
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In a epecial caza whan tha tanget m, iz et rast, v, =0, the above aguation baccmes:
= M

= v1
m,+ m,
It showsthat velocity of m, is reduced by the mass ratioie,, E% .

1 2

§ Example 2.9 B A?ﬂg ball collides with ancther ball of mass 140 g. Tha initisl velocity
D‘ftha first hal is 8 m 5" to the right while the second ball is at rest. If the colksion were
pada-:ﬂy elastic. What would ba ihe valocity of the two balls after the mlinm?“

in-tuﬂqﬂ
m=T0g v,=8ms' =0

m=140g v,=7 wy=?
We know that;
I = it = mﬂ
W = ]
m+m,
70 g-‘}-:lﬂg "
= Oms'=-3ms’
(m g#140g } E
S 2m, 7
L “"1 vy
2x70 g a
(?ﬁg-ridﬂg} it
= &ms'
2.10 ELAETIG ‘COLLISION IN TWO DIMENSIONS
Considarthe mation of two balls of mass m, v
and m, in a straight line with velocitiee v, and v, s
respactively undergoing an elastic colision with each 2 ki ,41,,/& J
otheras showninFig. 2.18 - m x
Assume the bodiss move off in different directions =
after collision with velocitizs v', and  +', making angles Fig. 218 voH

0. ard O, reapectively with x- axia.
As, the collision is elastic, 5o we apply both the laws of conservation of moementum and
law of conservalion of kinetic energy. Momentum is & vector quantity, we resolve it inlo
its rectanguler compenents end apply the law of conservation of momentum along both
e,
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Momentum conaervation slong x-axis is:
Momeantum befora colliszlon = momantum aiter colllslon
myAEmY, = m v, cosd, +my! cosf, e [2235)
Momsentum conservation along y-axis:
Momantum before eallislon = Momantum after colllslon
Q0 = mv| eind,-my; eing, ... [2.38)

Conservation of Energy
Kinatlz Enargy biefors ool Bion = Kinstie Enargy atter collsion

%my? + %myf = %m,vf + %mlvf """-5::—1-1"'*&3”

These equstions {(2.35 to 2.37) ara uasful in solving problers about elastic collisions in
twodimensions,

211 INELASTIC COLLISION IN TWO DIMENSIONS
The macroscopic collisions ara generally inelaaticand do not conaerva Kinestic anangy.

The perfectineiastic collision is one in which the colliding chjects stick together Lo make
asingle mass after collision. Its analysis canbe camied ot asfollows:

Latus take twa balls having masses m, and v,
m. moving with velooities, v, and v,
respectively, in a two-dimensional xy- m .
plane. Assume that the first bodyis moving — i
along the »-axis while Ihe second body
meoves In a direction, making an angle & i
with x-axis. Both the bodies collide at the
orkjinas shown Inthe fAgure 2.17. Fig. 27
Adter collslon, bodlee etick together, having combined mass M =m, + m,, which moves
with velocity v, making an angle pwith x-axis.
Momentum In the X-direction:

gy, oy, cos = My cosh L [2.38)

|

Momeantum In the y-direction:
O +my, sind = My, 5ing s (2.39)

Equation 2.38 and 2.39 can be used 1o find the final velocity.
Kinetic Energy

Since collizion ig inelastic, the kinetic energy of colliding system iz not conserved, The
loss of kinetic energy is com puted as follows:
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Initial Kinetic Energy
The total infial kKinatic anargy K. E ofthe systam teforsthe collizionis:

(KE) = 20 + M ore(240)

Since K.E. iz a scalar quantity. so velocities involving in the formula of K.E. dees not
require to break velocities into thair compenents.

Firal Kinetic Ensargy
The totel final kinetic energy K E, efferthe collision (when the objects stick together) is:

() E), = %mf SR 1) i

whera v, is magnitude ofthe final valocity which can be calculated fram Eq. {2.41).
Energy Loss in the Collision
Bince the cdlision is inelastic, there is aloss in kinslic energy, represented by AK E

AK.E. = (fLE.) - (K.E),

This lost kinetic energy is transformed into other formms of energy. such as heat, sound, or
indeformation.

Some examples of an Inelastle collision?

(1)

s
(il

When a karate chop breaks a pile of bricks, it's an example of an inelastic collision.
Inthis type of collision, the objecisinvolved don't bounce back after impact. Instead,
sorme of the enargy from the sirks is absorbed by the bricks, converting into heat,
sound, and the force nesded to bresk tham. This means the energy goes into
breaking the bricks ralher than causing the hand to rekound. If the Kearate chop is
nat perfectly vertical and involves some horizontal mation, the momentum transfer
and the msul_ﬁng forces will have both horizontal and vertical components

In & carcrash, the collision is an inelastic nature. Yhen the vehicles collide and
absarb the Impact energy, causing them to crumple and deform. This energy
absomtion slows down the cars, stopping them from bouncing beck. Most of the
kinatic anargy is lost, turning into heat, sound, and damage tothevshiclas.

Inreal-ward collisions, e ball and bat show an inglasiic behaviour. When the bat hits
tha ball, some of tha kinstic energy (s lost becausa the ball daforms, and energy ig
alse converied inte heat and sound. Even though the bat is rigid, it does not transfer
energy perfectly and absoibs some energy itself. The bal compresses upon
impact, which leeds to further energy loss, Conseguently, not all of the initial kinatic
anargyis consaned, making the collizsion overall aninelastic,
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2.12 ROCKET PROPULSION

Rockets move by expelling buming gas through engines at
their rear. Tha ignited fuel turns to a high pressure gas
which is expelied with extremely high velocity fram ths
racket angines (Fig. 2.18). The rocke! gaing momentur
equal to the momerdum of the gas expalled from the
enging but in opposite direction, The rocket engines
continue to axpal gasas aftar the rocket has bagun moving
and hence rockel continues lo gain more and mere
mamentum. So, insiead of travelling at steady speed the
rocket gats fastar ang faster <o long the angines are
operating.

A rockel cammies its own fuel in the form of & liquid or solid
hydrogen and oxygen. It can, therefore work al great
heights where very little or no air is present. (n order to
provide enough upward thrust to overcoms gravity, a
typical rocket consumes about 10000 ky " of fual and
gjects the bumt geses et apeeds of aver 4000 ms™ In fact,
mare than 80% of tha launch mass of a rocket conslsts of
fuel only. One way lo overcome the problam of mass of fusl
isto maks the rocket from several rockets linked together.

When one rocket has done its job, it'is discarded leaving
cthars to carry the apace craft further Lp at ever greater
speed,

If it s the mass of the gases ejecied per second with
velocity v redative (o the rockst, the change in momentum
per second of the-gjecting qgases is rmw. This equals the
thrust produced by the engine or the body of the rocket.
S0, the acceleration 'a’ of the rocket is

mvy

as= g (2.42)

where M is the mass of the rocket. When the fuel in the
rocket |8 bumed and ajected, the mass M of rocket
decressas ard hence the acceleration increasea.

11-.trlu'f_l‘ Foroe and Motion [

Fig. 2.18

Fuel and oorgen mix in the:
combustion chambear, Hot
geees sxhaust he chambear
al a vary high veioely. The
galn in momenturn of the
geeks eguals the gain in
momenium of the rocket
The g&s and mckat push
against sach other and
mave inopposile directions.
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(@ Muitipie Choice Questions |

Tick [+ the correct answer,
21 The angle at which dol product becomes equal to cross produc

(a) 65" {b) 48 (o} 78" {d) 30°
22  The projeciie gains its mexdmum height at an angle of: _

(a) 0° (b) 45° (c} 60° {d) Eﬁ:e'. -
23  The scalar product of two vectors is maximum i they ars:  ~

{(a) pempendicular  (b) parallel (¢} at 30° ) ates
24  Therangs of projectiie s same for two angles which ara minually:

(a) perpendicular  (b) supplemantary w

LY

(c) complemeantary  (d) 270°
25  The acceleration at the lop of a trajectory of ﬂm}éctll!e is

{a) maximum (b} minimum {E.} inaqp d} g
26 Sl unil of impulsa is:
(a) kgms® by Nm . {;}- N s {d} Nm’
27  Therste of change of momentumis:
(a) forca ib) Im{ij_aa {c} accaleration {d} power
28  Asrockst moves upward durifig its journey, then its acceleration goes on;
(a) Incraasing  {b) decreasing
{c) remains samg . %) it moves with uniform velocity

28  Elastic coliision: rnunlue«:
(a) loss of Bﬂﬂw
(b) gein of anergy
(c) .ne gain, no loss of energy
(d}.na relation between energy and elastic collision
[ Short Answer Questlons ]

2.1 State right hand rule for two vactors with ralerence fo vector produst.
2.2 Define impulse and show how it is related to momentum.
2.3 Differentiate betwean an elaslic and an inelastio collision.

2.4 Bhow that rate of change in momentum is equal to foroe applied. Also state
Newton's second law of motion in terms of momentum.

2.5 Blate law of consarvation of Enear momantem. Also state condition under which it
halds.
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2,6 Show that range of projedtile is maximum at an angle of 45",

2.7 Find the ime of fight of & projectile to reach the maximum height.
2.8 The maximum hoerizontal range of a prajectile is 800 m. Find tie value of height

2
22

23
24

25

L
22

24
24
25

28

2.7

28

21

2.2

attained by the projectiie at 8 =60°,
[l Constructed Response Questions |
Why does ahunter aiming & birdin a free missthe target exactly at the bird?

Apaergon falling on & heap of eand doae not hurt more a8 compared io 8 parson
falling on a concrete floor. Why?

Sizte the conditions under which birds fly in air.
Describe the circumsiances for which veloeily and aceeleration of 2 vehicle are:
(i) vis zero but ais not zero
(i} ais zero but via not zera
{iii} parpendicular o onhe another
Describe briefly effects of air resistance on the range and maximum height of a
projectile, '
[ Comprehenstve Questions ]
Define and explain scalar product. Write down its impartant charecteristios.

Define and explain vector product of lwo vectors. Discuss important
charactarietics of vactor product.

Darive threa equations of motion by graphical method,

What iz projectile motion™ Explain.

Derive the following expressions for projectile motion:

(ij time of flight

(i) height gttained

(iii} range for projechle.

Explain @lmﬁc callision in one dimension. Show that magnitude of relativa
velocities before and after collision are equal,

Explain eiastiic collision in two dimensions.

Explain &n inslastic collision in one and two dimsansions.

Numerical PFroblems '|i-].
Tha magnitude of cross and scalar products of two vecfors ared /T and 4,
respactivaly. Find the angla between tha vectons. (Ans:607)

A helicopter is ascending verticelly atthe rate of 196 ms”. Whenitisata
haight of 156.8 m above the ground, a stone (3 droppad. How long doas the
stone taks to reach the ground? {Ang: 8.0 8)




% Phpls |i. . iﬁ} = Chupter( 2 Foroe and Motion [

2.3

24

25

.7

2.8

20

2.10

2N

2.12

If |A+B) = |A-B| then prove that A and B are perpendicular to each other,

{Ans: @ = 80%)

A body of masa M at rest explodes into 3 pieces, two of which of mass M/ 4 each

are thrown off In perpendlcular directions with volochies of 3me’ and A m g,

regpectivaly, Find the velodty of 3rd piecewith which it will be fown away,

{Ans: 2.8 m s, opposite to resultant valogity vedtor of two pleces)

A cricket ball ia hit upward with velocity of 20 m 8’ at an angle of 45° wilh the

ground. Find its:

(a) tmsofflight (&) maximumheight (C) how faraway it hlmtnagr_ol,m

(Ans: 294,41 m, 10.2m}

AZ20g ball hits the wall of a squash court with & constant fores of 50N, If the time of

impact of force is 0.50 5, find the impulse. {Ans: 2EN &)

Aball is kicked by a foctballer. The average force on i‘IE ball is 240 M, and the

impact lnsta for a ime intenval of 0 258

(a} Caloulate change in momentum

(b1 State thedimction of changs in momentum

fAnst (a} B0 N g, (b) In the direcion of forcs]

An seroplang s moving horizontally ata speed of 200 m s” &t a height of 8 km to

drip a bomb ¢n a targel. Find horizantal distance from fhe largst al which the bomb

should be released. {Ane: 8.08km)

Why does range R of a pmjui'stﬁa remain the same whan angle of projecton is

changed from @ fo 8 = 80° - §, Ao show that for complementary angles of

prizjection, theratic R/ isequaltn 1.

Atrolley of rass 1.0 kg moving with velocity 1.0 m & collides with a similar trolley

atrest:

() after collision, the 1™ trolley comes to rest whereas the second starts moving
with velocity of 1.0 m 5" in the same direction, Show that it is an example of an
alasticcollision.

(I -after the collision, they stick together and move away with a velocty of
0.5m 5", Show that it is anexemple of an inelastic col lsian.

A railway wagan of mass 4 x 10" kg moving with velocity of 3 m 87 collidas with

anotharwagon of mass 2 x 10* kg which Is at rest. They stick togather and mava off

tagether. Find their combined valocity. {Ans:2ms")

A carwith mass 575 kg moving at 15.0 ms” smashes into the rear end of a car with

mass 1575 kg moving &t 5m &' intha sama direction,

{(a) What s the final velocity ifthe wrecked cerlock together?

(b} Howmuch kinetic energy is lost in the collision?

[Ans:{a) 767 ms", (B)2.11 x10°J]




