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Motion and Force

| Displacements

_ . Shortest directed distance
| between  two ointg 1s called displacement.”

When a  body moves From one position

R
£ . is . wvectr q@’citg.

The tail of the displacément ~vector {s at the

Initial position _ agor 1t G Wl head at - the

tinol position .

Explanation: _
Consider a = body

IS  moving From initial position

“A ' toe Final position B o\ong

a curve .

-—*1 ’ _ﬂ

Displace ment d = AB

please visit for more data at: www.pakcity.org
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o ) o
I, = posSition vector of A
r, = position vector of B

Bil o gHegal o Tail rule

e 4 — _—

In +his case displacement is different From

the path of rmotion . ~ig (Q) -

When the body wmoves

Q

In a  straight line , the displacement

coincides with +the path of

qut]Ol')- Fig(b) 9@
(Sbc'}\\'\ Fig(b)
Velocity: - \@9
S L e e T TR D

Time rate of change of displacement
IS called velocitE.”

o = T —— e —— e o

- -

i

2
o~

5
n.f,;'

UnifForm Velocity:
e i

- fe

. . ANhen a bodg covers
equal displacements iIn equal intervals

please visit for more data at: www.pakcity.org . ,
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of time , its velocity 1S uniform .

Variable Velocitg:
| rrV\Ihen 0 body covers

unequal  displacements equal intervals
time its velocity 1S variable.”

Averog e Veloci'tu:

¥ Total _d_i_'_splocemen'l: of a

o

body  divided by total time token 18
average ve(oc'f'bH , 23

\/OVg — -—@*0)
e pakcity.org 3
[nstantaneous Velocity: Ganihd

e

Whe: . velogity of
o o body at a o.rti'culor instant ofF time

__is  called instantaneous velpcity .”
- OR -
%[’c Is defined as the ' limiting  value of
_é_?. as the time Interwval At Followin the

time t approaches to zero, (At—©

uniform velocity -
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Acceleration:

&«
. lime rate of change of
i velocity is called acceleration.”
J i
|
é At 4
Unit:
| 2
l mS
aEEEEs -
| Limensions: Kl

Note: The change in velocity may be due to the

Change 1n 1ts  magnitude or change 1In direction

_ e |
i \$\§$ When +he velocity  of

k9 bodg 15 Increoging Witehhas posttive

acceleration .””

Negoﬂve Accelerations
| When  +he veloci"cg

ob-=ai =bed is decreasing, it° has negative

acceleration . 1t is also called “retardotion” or

¥ = ”
deceleration ”

Ave rage Acceleration:

17

Totol change in  Velocity

V.OIC

CTNOTe data at. WWW.Dak
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divided b total Time  taken is called

average acceleration.
il ———»——____—-r o V —|—AV= \.7.
a Eal NV = Ng G e
avg A+t A+ &V =V, -V,

Instontoneous Acceleration:

B | s

. s - L FE PRI

The acceleration oF

| o0 body af 00 articular instont of time IS
F e e L T
1 called Instantaneous acceleration .”
|
| OF
o ) Q . A—_\; : = —t
leltlng value of A O%D_) Time lnTerVCl\ At 9,

o

s called Instantaneous @ eleration ”

rg* _  Limit @?

NSt At—0 A't

iform Accelerations

11 | .
When the change in
velocit is equal in “equal infervals of time,
then acceleration 1S uniform .”

' 1 Note:

For a bodg monng wWith uniform acceleration.

—— e ——

— : @

—

NSt avg
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between

called

| 1- When

veiocf’cg

graph

Velocit

L3

Time Graph

——— ——

O O N .
™™ d 6 '00 i S

www.pakcity.org

Graph plotted

the veocity of a body

velocity - time

a car ‘moves With coanstant

IS hori zontal

line. Fig(a) .

graph. ( vt - graph )

:I-. .I_.-.I--ﬁ‘ 1.. "'I‘. ] P
T el ST
h‘{r 4 i r'l-
e L) R S T
o L) ',."W.Ii" L =
ocity —Time
L. S i
- Asar et
T YR i Pl i -~
: ':'.- : =
r ] ® !

Straight

2- When the car wmoves Wit
A«

, -
constant acceleration , +h%15’\ v
R

velocity -time groph is \@\wstmfght

line , which rises

height Ffor equal intervals oF

- time. Fig(b).

Note: The Glope oF | Velocifg—’r‘i'me

the same v

and Time 1S

V = constant (0=0)

¥

[ Bas " X Jlnh bl N IR L (
wp rh 2 - *a—l."r < : y !
% s L | ' ._" e | A ' e il
- — s Gk G s cEn S WS D

d—

To

3- When

Increasing

velocity ~time

curve .

the acceleration,

the cor moves with

Fig (c) .

acceleration I

graph i1s a

please visit for more data at: www.pakcity.org
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The  instantoneous acceleration of a  body

ot . o....peint _&_ on ’rhﬂ_eﬁ' velocity —Tfime  graph

e S

e T ——

5. _eguol ptar el Siope b o tongenl.gar odhe

———————— e e E— _— - -

point e

Distonce as

T o T e e e e e et . e e e e e e e W

! o Fig (d) the body wmoves with constont velocity

“V FOI‘ .l-ime t | &

| Dfstonce — o S T T s (i)
Area under vt - graph -.i-.\p\%t —_— (1i)
So, = (3&5\\

| Q
Distance moved .-.-.s@ﬁrea under vt -graEh .

In Fig(b)
O+V
' Distonce =S = V | N G o (1)

avg ™ 2

Area under vt -groph = -%- ( base )( herght )

Area under vt-graph = %Vt st o o= s (11)

From 1,11

| Distance moved = Area under vt — graph

i please visit for more data at: www.pakcity.org
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3.5 Eguations of Uniformly Accelerated wmotions

Ve = V3 + at |
' S = Voyg X1 -—--(Vf;vp)x’c
f ST TR R
205 = V& — V!
For Freely FRall Ing body g =g . .9=9.8ms*

Note: In all these equations “a = congtont .

pa keity. r i

3.6 Newton’s Laws of flotion: <

e
o3
% .
- Newton’s laws  gre applicable ~ when gpeed

ofF bodies is smoll as Compared to the
Speed  oF light (N A ar @ Nk

(€ .= 3x10° ms' = 500,000'Kkms" )

For very Ffast movi'na
objects sSuch as aromic particles " Relativigtic

7

- Mechanics 7 developed b Einstein is applicable.

(Here Newfon’s = Lows Fail ).

NOTe QOdla at. WWW.Dak V.OIC
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First

Law of Motion?

Newtons

Low of inertia

13

A bodg at frest Will remain

at rest and a b_odﬂ moving With unifForm
Velocftﬂ will continue to do 5o, unless acted
on by some unbalonced external Force.”

| Q
Note: >
13 | . $$
The wmoss ofF am object s a quantitative
measure of Its inertia.”

The Frame ofF reference.. In. - Which Newton's

First Law  oFf moation . holds.” is  Known Qs

fDErﬁol tframe ofF r_eEere_r_lc__ :

A brame s el

reFerence  stationed on Earth s  approximately

on Inertial Frame of reference .
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Newtons Second Law of Motion

E’i C¢

INhenever a net Force acts on

| ] o body, it produced acceleration o its  own

direction. This acceleration roduced 18 directl

proportional to the Force and §s inver sely
| proportional to the wmass of bodg et

Unit oF Force 1S Newton (N).

Dimensions ~ of Force is [(\@ET'Z]
Q
\50
Q’b
$+

Ne w’ron’g Third Lgﬁ of Motio
= ———~meseaamn G

Action ond reaction  are equal  but  opposite

\ in direction . ”

- Note:

—_—

Lk Action and reaction Force never ottt on the

Same  body , they act on two different interacting

bodies .

Examples: (i) Flying of  birds .
(ii) Motion of a rocket .

| (i11) Rowfng of S boat'._

WWW .DAKCITV.OrC

please VISIT Tor more aata at.
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¢ = o - e

3.7 Momen’cum

3 0" "
The product ofF mass m

e e — = — —_—

b

and linear \_{gloc?tg v oF a bodH 1s - called
momentum or linear momentum .’

et L T R SR N SIS I S e

[+ Lfs ~ denoted by : P | :

T

Momentum IS a vector quantity . Its *dfrec’rfon 1S

= e R r—a—

Same as that of Velocﬂ:g. |
—————_—!'1

O

ﬁ! Un‘H:: . | Kg X_I'SD_ = Kgx%’-xé-

' ¥

‘ (i) Nxs? &

. QQ\#
Dimensions: &
—_——— 3 @

(MLT" ]

“Quantit of Motion of a body

—— B e e - e

..4 S T S
Momentum ! '
Consider o bodg' of mass m
moving  with initiol velocity Vi A Force

F acts on the bodg For a time "t ond

0)
R
O
D |
Q
M
(¢))
o=
D
<
)
O
O,
~=-
C
oF
<
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% :
_ - —
o RSO . AR b .- i o
At + F
o = |
F = md i
p — —>
F = m (_Y_F - V; )
t [
-—-’ - ]
mv; = Initial Momentumt-l
. G -7 '
m — mv; = .
F o = ___f_t__.i mV = Final Momentum

mVp —mv; = Change in Momentum
| .

2 —

o o et

| Fjorce = Rate of change of Momentum

O
Statement: Q\}EC’\Q\
= - R
‘Time rate &'oF _change of momentum

of o0 body 1s equal to the applied Force .”

1

lmEUISe:

13

Product of  Force: aad time is

called impulse.”

Impulse = F x +

L

| HEe N S
(i) kgms§g
Dimensions:

(ML ]

please visit for more data at: www.pakcity.org
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, o .
J Proo By Newton i o 88
1 mV; s
| SRR _f___t:_tﬂi‘_
Fxt = m\-;p % mv;

Note:

[mpulse  and momentum have  Same  units

and Same  dimensions .

$
Q)

Law oF Conserv’ri of Momentum

momentu of an

constant ,”

Explanation:

Consider an isolated system

of Two interacting bolls moving in  the

Same direction .

OIe Udld dl. WWW.PAdRCILY.OI'C
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vV, and V, are the velocities of +he

balls of masses m and mnm- before collision.
i* fla)” V, afkter collision.
§ Let o, 1 .X'_. __\_/3...
| Vi @it . .
J | - Mo
j AFter collision they move olong

| the some direction.

By Newton’s 27 | g

L Ve i ot
t
= .2 ©
| Ve s 3

. ok b =V = )
B &
R o
mpuise = Change \_§ﬁ>‘l Momentum
i
|

'L~ Change in _momentum . For - Rirst ball

——

_— e —

BoXe = m v & = T (1)

3 e Chonge _i'n Lm_pr_nenttgm ~for _second ball

|
T!

/ ’ — # .
Fxt = mv — m, v, e e e )

e —
F Xt +F'xt = ( 7 v ) o ¥
L R Ry +( MY = my, )
(F‘ & P )-t — mlq,.—mlq gir mZ\-;;’ o mz Vz
| As F' =-F (Bg Third Low )

| ' please VISIt 10T more adata at. WWW.pakcity.org
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— — 1) T >4 N
| [)2/-1' e )] e B e e
| 3 v V. V.
| (O)f . mlvl' — g A e mZV;,_' My Vo
:
: — — — ——
1| — — =?, _’r
- m,Vvy +m,v, = mVy +m,V,;

I Initial N—l_orr;enttum

Elastic Collision:

- € ,
A collision In Which Kl

of the  system {s conserved is called

elastic  collision .” &
— >
Here , Noi i ReB. =ifs Ig%% ;
[nelastic Collision®
‘¢ ® o | | .
A_collision.  in  which K.E

of +the System 1s. not conserved s called

inelastic collision .
s o s GOl LS IO

Here

Some  Kk.E s lost and 1S consgerved into  other

Forms  of energy .

Note

{7

_ Momentum and total ener is conserved
In  both types of  collision .”

nDlease visit for more data at: www.pakcity.org
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Elastic Collision __in__one Dimension
* ‘ i
| Consider two non-rotating, . . '
:: smooth balls oF massesS m;y and < L
' m, moving wWith inftial velocities Sefore collision
v and sV T thie . some “dtrsa o
[t s S
; ' AFter collision +he9 . '
move  With  velocities ! and D, 42
V; along the same stroight * AFter collision
line. 0\0)
Us f—ng Law .____OE_COHSET&’@Hon __of momentum
. A\\&Q e e R
Q
MYy *m,v, = myv +m,y,
i MV =y, S m o mo
|° ml(v1 _Vil) o mz(vz’ ""V?_) e ———— (i)

‘Uslinc Conservation o  Kinetic Ener

1 2 |

=TV =l - — 1 % G
ZOveE e +2 m2v2 ET ml\/l +—é-.- mZV,
1 2 1 /2 2

b B Tk 1

~ please visit for more data at. www.pakcity.org
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gl 2 ¢ 2 o Al bZ_ [~ kY
m1 ( Vl L V.I, ) — m 2 ( vf — v ) * o a ""b :ij‘bj J‘H’]

My e VsV, =N IV e LT

B Divide  equation (i) by (i), 1. \
N , i
|} Al v +v') - Wy (Vo= )( V2 + V)
| /ﬂ’l;( V ) / |
) %( vz 2) :
4 vl L — sz —+- VZ '
L Vi =V, = e V1'
% i m e TR TR
N O
| (M —\%) = Relative velocity **@'?5‘ balls  before collision

s |

| / / o °

(M =V, )= Relative: Veloc§$g of balls after collision
' Hence . g

1+ o ' o|e® I ‘ .
F Ihe relative —velocities oF the balls

before and after  collision are equal but
opposite In direction.”
J Solvmg equation (i) and (i), we get Vv, and Vo
| o
\ / Mm; — m
ﬂ V, = ( 1 2 )v1 i 2 m; ) v,
m1 Ay M, m‘l + My

Il

/ 2m ' M-, — m
1 2

= ' please visit for more data at:
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j _V}l_hgn _MNassSes OE Twio : l;glls are eggucﬂ.

Sgeci‘ql Cases

; Vi s (O)VI 4 (%__W_) v
. | 2/ 2 |
l B Vz] © B{eFore collision
Vf ( 2 m 4 m-, \kz
= VAR (L telil
g S ) : (‘\‘@"‘mz)vz |
| f |
: s ( 2 m )V n (»ﬁ'r—-,m’ | '
i = m+m /! m+m )2 A e Ve e
| ' 2 | . 0
| Vo = ('—'—-)V ) (O) V i
. 1 2
| ,}m’ m, ms,
tl va = V1 - AFter CO”fSiOf]
Result:
7 . |
AFter collision velocities ofF the

balls Are Inter choged S
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Case-2: When First  ball collide with  the

second ball oF same mass at rest:

T —— —
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Case-3:
- When lighter ball collides with

a ver heav ball ot rest:

The \i’ghter bloll -moves backK wr|'h
speed and the second

ball re mains at rest .”

(1)

59
35
O

the sSame

please VISit 10T more oata art.

WWW.DAkr
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| Case- 4:

o _ When a very heavy boll collides

o

| Wit ® s lfghter ball at rest:
|

my, >7 m, ) mz:o ’ Vz-"'-"'-o

/ m, —m m |
Vi (-—-———1 g )V1 i (—————2 - )V)_
- m, 4+ m-

I

S
|

| ' (ml-—o )Vﬁ-( 2(0) )XO

my

Betore collision

s ST e = e B =
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39 Force due to water Flow

When waoter From © hortzontal pipe

| strikes a wall normally, it exerts a Force on

| the woll.

SUPPOSG initial Ve|OCi'|:8 of wo{-er-:vi.—.—_v
woter comes to rest after striking the wall Veg=0}

let wm mass of water strikes the

O :
Borom W = Vs s e e (VE = V0
| {03
\$9
N\
L b 3. m
m
= ——V
F n
By~ Newton’s +third law , reaction |
Force exerted bg the ~water —on the wall 1S

equal  and opposite .

mass per Second

= Change in velocitH

“WWW. DAt
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2.0 Momentum and _Explosive orces

There are mony exomples
| in which momentum chonges are produced

‘ by explosive forces within an isolated system .

Example—1:

When a ghell explodes

in @ mid air, parts Fly off  in

| differeat directions .The total

| momeantum of all of its parts is '

§ equal to the initial momentum of

the shell . | 2
Suppose  a xFflying bomb mv

R
breoks up Into  two $$ports 7 by i U

<

Shown In Fig .

(Momen{'.um before explOSfon mv).:(Sum of momentum ofF two PCll‘tS G%Texplosi :-

Exomgle —- 2

\
Qo

Consider a bullet of 'mass m 1S

\

Fired Ffom a gun oF mass M : . The Iinitial

velocity of bullet and gun = zero

lhe Finol velocity of bullet is Vv oand thot
of gun “is v,

[
\

please visit for more data at: www.pakcity.or

| . B I ‘-:- '. F.I_ I‘I.
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Using Law of Conservation of Momentum

[nitial Momentum = Final Momentum
O + 0 = mv +MV’
Mv' = —mv
This  shows that momentum of gun (s

equal and opposite to that of Dbullet.

v
Vv

m
M
';_ ’

R ol N g myv
‘

Velocities are inversel

Proportional to the masses

“-L
O
Q%
Since wmass of gin s much greater than

the moss of bullet,; so the gun moves back

(recoils iz ) with! very . smal velocity as

compared to the vaélocity oF the bullet .

341 Rocket Propulsion:
____—P———__________________—

Qrnl

The motion of @ rocket 1S

l of conservalion oF
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Rocket moves up by  ejecting
hot gases at the Tail of the rocket

o

with very high veloc‘i‘cg in +the downward
direction . The rocket goins momentum

equal to +the wmomentum of the gas

- = - s s - -
o ———— e = g I FEE o3 e 1 ; .

ejectecl ' From the 1ail of the rocket

but in opposite direction.( By +hird

Law  of Motie n)

A rocket carries ite

own FRuel in +the Gorm ofF o \iquid

or solid Hydrogen and Oxygem
e

A '\:Hpi'col rocketix@consun‘ies Obout

10000 Kgé' ( 1x10 kgs') %@&Fuel and ejects

at  speed more than 4000 ms (4Kmg' =

More than 80% of +total mass _ of rocket is

the mass of fFuel.

gASES

In multi - S'toge rockets,

When Fuel of one rocket 1S burnt WS 5 1S
discarded (Lﬁﬁ‘&) . 00 , the remo'ini'ng rocket

moves  wWith greater speed.

m = moss of gases ejected per second.

V = Velocitg of gases relotive to th e rocket.

mV = Change of momentum of lgases. sper second . |

& JIc Udld al. VWVWVVW.UAar VROIL®
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SR mV .= Upward  thrus (Force) —on.  the = rocket.
M - =. 'NMasgg  oF théeé  rocket.:

. F =ma
el
° F - a
Acceleration = ‘1P°Icc
Mass
iy Ft
Q i myvV
M
fs‘ ' v N\
W i+h the passage ofF time mass M of
the rocket decreases , So acceleration a of
)
o 99 \\\'\
the rocket increases. (3&0
AR
Motion in  one digension:

The motion of @

Bocdy - In o  straightVe line®@8Fs’ called . motien - “ it ione

| dimension . Only one - coordinate x. - coordinate or
y-coordinate or 2z -coordinate IS required  to
describe the motion.

Motion [0 Two dimension:

Motion iIn a plone
such QS xy —plone is called motion- In Two
dimension . Two coordinates (593) are req,uired

describe  4$he motion .

Dlease VISt Tor more aata at WWw.paKcity.org
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542 Proyectile Motion

13 . : :
Projectile motion 1is 1wo  dimensional

motion under constant acceleration due to »
‘!' grovf’cy ik ‘
Prol'ec‘r'ile: ' " |
; When a bod S thrown with

2

{ Some angle @ with +the  horizontal and moves |
| freely wunder the action of gravity is called |
|- D Prdjeotlis, > Q@

>

1 *A

| The po%tﬁ}\ followed by a

Q ’

ii projectile is called lt§$ frajectory |,
Path of a rojectile/~ 1s° a arabola
Examples: s
| ) A Football  Kicked off, by a player.

(1) A ball thrown by Q,VeCrickter .

(in) A bullet Fired From o gun .

A Horizontal Motion:

Consider 0 ball

thrown

[S From o point A :
With  some  horizontal component
ot velocity Vv,

' " visit for more data at: www.pakKcity.org
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Assume air resistance is zero .No force
acting along x-axis (Qx = 0) .
So
Horizontal component of velocity V, = constant
5 ,
. Cipe= Vix't +'§' Oy t Q, =0
] NfE =
E X = Vxt I | T
ot S =% _

!

L.2=_Verkicsl

Motion:

The initial component oF

VE‘OCEtg le = .(0) S OU=_9 : S — =y
\0) Take: _
] 2 O
5 ViR st Syt O\\T\ upward direction=+4Vve
Ny
9 = 0 +%" (—9 )-l:z Q\@LQ@ DOWDV\IO‘Td dil'ECtiOn:—'Ve
D

g pakcity.orgg

th rown wWith

Now consider o projectile IS

inftial  velocity ,VE making © ‘an  angle © with

the horizontal,

lts  motion 1S composed of

Two independent motions .

1- Horizontal motion with conStont velocity = Vx

Q, =0

2- Vertical motion with

Constont acceleration
due - to gravitg

| please visit for more data at: www.pakcity.or :
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=
I

Vi + at

[f P be +the angle’' ' 'made b

at  any instant Wi th X —-QxiS.

please visit for more data at: www.pakcity.org
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Protectile:®

Maximum  Height of the

17 . o 0
At maximum  height vertical component

| § of VQIOCH’.H

l. —

(S 2L

Noteé:

At maximum height - the _th Component

Q

a of velocity IS Vx = V;C0SO - and here Vy =0.

* Time oFf P]fgh‘t :
' Since  the projectile

returns +to the Same level , the vertical

distance covered by the projectile is zero;

please visit for more data at: www.pakcity.org
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-

Covered by the Projectite! wgl ~collad
Norizontal range. (x = R) ¥ ‘

S = vt +-é1-ot2
e %xf i ‘é‘oxta

X = \/“c't +-é1-(0)'t2

o JICT UdLld dl.
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x = Vix -t

— 2 Vi SInB®
R = Vi COS@-("—""B———")

2 0
R = Vi -(28in®cos8) . 55in0c086 =Sin20

g pakcity.org

13 |
Kange s moximum

Wwhen sin28 has maximum value =1 7
il =1 O
)
Sl
. o {ox
But SInq90 \$§91
- Comparing >
207 ¢£200°
s Q = 45
Note:

R _ Vi Sin2e
9
e o)
Rmox — Vi SIn 2 X45
' 9
> Vi° Sinqo° '
max oy -—L‘é_rl“_ | (Sfﬂqoo =1 ) |

blease visit for more data at. WWWw.paKCIty.Orc
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Note:

For ongles which exceed (%) or Fall

short (lbr€ ) of 45° by equal amounts,

e e — = e ———" - am e -

the  ranges are  equal .
et
. ="45"~15 ‘& i35°
' 6 = 45° +15° = 40°
At oangles (307, 60°) ronges are equal.

oimilarly, we can moke pairs  such as
s : O
1 Tond 2o e ol L IR 1 0 (20"\,@%”)' etc .
Note: ‘ $Q®
' Q
At 0 = 76"

&
Hefght and  Range of 'a projectile

@ sl a5 o)l
HiP= i
Note:

Sin20

PR
|

R Max
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Acolicotion to Ballistic Missiles

: An  un-powered and un-guided

missile is caolled o ballistic missile and

the poth Followed by it is called ballistic

fraje ctor Thid

T '

A ballistic  Flight is  that

QE whicb C¥ee projec‘cile 1S given an initiol

push ond is  then allowed to move Breel)

due to inertiac and under +the action of

~ gravity . ¥

c>ch
A bolligtic @@\‘fssile moves as
Q result of Superpo§??on of two |

Independent mot‘iong-

1= <A . Straight _ ling inertial Clight in +he

direction of l|aunch .

2= A vertical gravity  fall.

At high speeds and For long +trajectories |}
the air Friction s not neglible and some '

Times +the Fforce of air Friction 1S more

thon gravity.It effects both +the horizontal

and vertical motions .

'  please visit for more data at: www.pakcity.org
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o missile Qb ) selected distont "-';,,'-f.a:zj_;

a mojor element of Warfawe f'\-_fp ; :
The actual Flights of missiles are

Found to high degree of pression. lhe wmodified

eq,uations of  frajectory are very complicaoted.

Note:

66

The  baollistic missiles are useful  For

short  ranges .”

¢¢

For lon ranges and greofer Erecessfon
powered and remote control guided missiles

are  used . ”

More oata at. WWw.paKkcity.org
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‘QUESTIONS RS pakcity.org B

What Is the difference between uniform and variable velocity? From the

explanatlgn of variable velocity, define acceleration. Give S| units of velocity and
acceleration.  /;/, |

.2 An abject is thrown vertically upward. Discuss the sign of acceleration due to
“ gravity, relative to velocity, while the object is.in air. .

- o t'he' velocity of an object reverse the direction when acceleration is constant?
If SO, glve dal examp|e. ff-/}!?_';!’_l

14 Specify the correct statements:

a. An object can have a constant velocity even its speed is changing.
b. An object can have a constant speed even its velobity is changing.
~¢. Anobject can have a zero velocity even its acceleration is not zero.
d. - An object subjected to a constant acceleration can reverse its velocity.

35 A man standing on the top of a tower throws a ball straight up with initial
| velocity v; and at the. same time throws a second ball straight downward with the
same speed. Which ball will have larger speed when it strikes the ground? Ignore

air friction. o@) | |
36  Explain the circumstances in which the velgeity v and acceleration a of a car are,
(i) Parallel (i) Anti-parallel Qrz}E (iii)/P-erpendicuIarto one another.

(ilv) vis zero but a is not zero (v') a ig@%‘ro but v.is not zero

37 Motion with constant velocity is a special case of motion with constant acceleration.
Is this statement true” Discuss.

ey

248 Find the-change in momentum for an object subjected to a given force for a given
time,and state law of motion in terms of momentum.

39" ’Define impulse and show that how it is'related to linear momentum?

310 State the law of conservation of linear moméntum, pointing out the importance of
isolated _system. Explain, why under certain conditions, the law is_ useful even
though the system is not completely isolated? |

Explain the difference between elastic and inelastic collisions. Explain how would -
a bouncing ball behave in each case? Give plausible reasons for the fact that K.E
IS not conserved in most cases?

311

12 Explain what is meant by projectile maotion. Derive expressions for

a. the time of flight . - b. the range of projectile. |
| Show that the range of projectile is maximum when projectile is thrown at an
313 }pang|e of 45° with the horizontal. - L

t what point or points in its path does a projectile have its ‘minimum speed, its -
Maximum speed? -~

please visit for more data at: www.pakcity.org
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3.14  Each of the following questions is followed by four answers, one of whiéh
IS correct answer. |dentify that answer.

. What is meant by a ballistic trajectory?
a.” The paths followed by an un-powered and unguided projectile.
b.  The path followed by the powered and unguided projectile.
C. The path followed by un-powered but guided projectile.
d.  The.path followed by powered and guided projectile.
. What happens when a system of two bodies undergoes an elastic collision)
The momentum of the system changes.
The momentum of the system does not change
The bodies come to rest after collision.
The energy conservation law is violated.

. 0 T 9

please visit for more data at: www.pakcity.org
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Q-3.1: Uniform Velocity:

& V\lhen_ S body

in  equal intervals

of time, 1ts wvelocity 1s  uniform .

covers equal displacements

Varioble VelocitH :

14
When O body covers

unequal displacements in  equal = intervals of

- time veloci'tg 1S variable .”

Acceleration:
— . | Oﬁg |
Rate ofF chgnge of velocity is
| Q> T '
called  acceleration .” Q\\Y\Q
(i) Units of velocity are (ms").
(i) Units occeleration are N E T R

Q-3.2: When an object is Hhrown verically

upwards , Its

(1) Upward velocity 1S foaken as positive .

(11) downward geceleralion due - %6 gravity IS

aken - g negative.

They have opposite S1gNns because their

directions are opposite .

@ JIc Udld dl.

WWW.DaKCITV.OrlQ
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When the objects moves down, l [

its acceleration and vel'oc'f‘tg both
V=+ve G::.-l-g

have Same Signs, becouse the have

same direction.

% pakcity.org 6

When an object 1is  +thrown

A-3.3: Yes.

vertically upwords its
() Velocity is upward ,

 (11) Qcceleration due to gravity s downward

This object comes to rest. at the heighest
S

point , then it moves dq@'ﬁ'. Now its  velocity

IS reversed (downwor%&ﬁ(bdur'ing its flight ,-
the magnitude of o\?:ce\ero’ri‘on due To gravitg
remains Constant .
Q.-3.4:
- Correct Statements are o VS o) ,(d-) :
Statement @) 1S not correct.

8-3.5:

Both +the balls will have Same speed
on reochmg +he ground I
Reason: When O body is  thrown vertically

~please VisIT Tor more data at. WWWw.paKcity.org
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TN a Ee A ol K alimml

upward wWith a

W comeé down at +the Ssame

the same Speed.

i _Q_,"ﬁ_.b:
] () When the Veloci”cg of the car Is “increosi’ng

its  velocity V and  acceleration & are
parallel .

(11) When +he veloc‘ich OF the car is decreasfng

-

{1 i v

ts  velocity Vv and._“dcceleralion® & = ara
anti-paralle] . 5

; e & 2 K

| (IT]) When 4t iy

e car moveg & :

e(gbo along o circular path

Oor Curved Pg'{-h it Q 0
velocrt Vi
§ y

IS alon
the +tangent and 7

Acceleragtion a 1S alon
the radiusg | so a ond v :
Qre  perpendiculgr.

, (V) When  brgkes Qre  applied: o stop

a

B e VAhe body  moves with  constant

e Udld adl. WWW.DAF Y..
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velocity its acceleration 1S zero , which

remains constant. So, unrform veloc‘itg IS O

special case of wmotion with constant acceleration.
G- 08:
Consider. ' a  Force ' Cchanges the

d #

velocity of a body From V; to Vg In o

time t 1

Ao _dccelerating — o I8 ‘prociiced.. fa - 4ho body
wWwhose mass §s ‘m'

S
= (£ 24
t
g
EXt = Chdnge & o Momentum
D T Y eV __ Change fn momentum
t Time

orce = Tlime rate of change of mmomentum
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Statement:
(14

" to the rate
body . ??

Force ~ applied on a body

of chaonge of momentum

www.pakcity.org

Is  equal

of +the

This 1s Newton Second law of motion .

@-3.9:

Product oF Gorce | E “ and

— —b
= m VF - m Vi
| o
1 .
AN S —b
= MV — m V;

Momentum

peae visit for more data at: www.pakcity.org
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Q-3.10: Law of Conservation of Linear

Momentum
% pakcity.org

B
[t  sStates that +the totol linear

—_— e e Wt - tineat
momentum oFf an fSOlOfEd- System re denS

- Stotement:

constant .

Isolated Sgs{‘em:

G'c‘

A system on which no external

O
When ci)@e System s not

- N
isoloted and externo\$9r¢‘orces act on it.

3 N |
Then, 1F the resultont™ of external Forces 3s

Force aqcts. ”

2ero, 1law of conservation ©f momentum holds

good .

" Also X% iF e I calBingl Forces are

neglible as compared to  the Interacting

Forces within +the system , the law oF

conservation of momentum is still  applicable.

For  example, for a System oF gas molecules |

Inside Q vessel , we apply the law of

conservation of momentum even Force

’

please visit for more data at: www.pakcity.org
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o

oF grovffg (whi’ch is on extetnal Force) 1s
acting on +the molecules . Here the Force of

graovity is  neglected .

Gl=F:11:

Ge

In +this collision K.-E

oF the system remajns conserved .”” .

€9. In molecules of gas, there is elastic collision.
¥
[Inelastic Collisions QY
%

o
——————————
€ (S.b

_InSQ this collision, K.E of the
Q

System does not rémain Conserved ( Some K.E

1S loat Nt  other Forms of energﬂr !.”

b (1) In elastic  colligion the bouncing ball

Comes bock to the sSame height .

S PUOFEAN o (o pef (P AR - [

)2 inelastic  collision , the bouncin ball
- L_does not the

; come back to _Same  height.

BEcouise - —some. KB TE loet.Tal et R

OF  Height energy , Sound energy etc .
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Non-conservation of K:.E3
I[n most of the
cases, K:E s not conserved because some

of it is dissipated in doing work agoinst

Friction or deForang (LU )  the colliding bodg.

Q-3.12. 4 pakcity.org®
Pro"lectﬂe NMotion - B R
When a body (S
thrown With some initial

veloc‘i”cg making o

- certain  angle ©<qo° " i i
g wWith &horxzontol direction.

This two dimens; i
sional mo’\c&)@h under  gravity

called projectile \gﬁ%t‘i’on',
\@

Time of Flight
W
to - -

. omplece its \Nfrojdcflell  a'%ion Is called
Time i

S-=wt +L'gt?

2
= 2 2
J ‘ Vzgf 1+ —%— Ayt =
y=0

Ve e T

O = Vi-g.-[- ——%9":2

please VISITTOr mofe data al. WWW.PaKCIty.OrC
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covered b

range e
As

the

$
S

Horizontal Range: R «

rQ"D' o | .
& Horizontal distance

Vi Qog @, X e l-o il

g

www.pakcity.org

\§\
scojectile . is  called  horizontal
i 2
1 2
let ar S oxt
vix't i "12"(0“32 OZ:O
x =K
V. i
ix © a2V Sin®
V; COSB6 Xt J )
25108 Cos8=5S1n20
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p _ Vi (25inecose)

Range of Projectile is maximum 0=45"

Ronge is :
J 0 V5281n29

- g

Ronge wWwill be maximum if Sin26 has

maximum value .

Moximum Value ofF Sin Zgi):- i
But _ sg@%o": {
‘ Q
Comparing &
2 Qs = 1O
~90°
o & 2
O = 45°
I So, Raonge fs maximum . ot 0 = 45°
P T e VO SIa e RAE Ly ataght s g (1]
max = — , . - _
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A A= 3,151
(i) At the highest point velocity of the

projectile is Maoximum.

(ii) At the point of projection and  point  of
i landing on the groqnd velocity of the

[~

projectile  1s moximum .
Proof:

Velocity of the projectile at any instant fs

vV = ‘sz +\/y‘2

{ (i) At +the heighest point (mogmum he'i'gh’c) Vy =0
| - o

B >
V = sz ""(())‘?-$<52\)E = ,'sz

N
Vi =i D

X

§ (if) At +the point . of projection  and point

of londing Vy = Maximum
V = |sz + VHZ = MOXfmum VOIUe

o Note: | o)
V., remains constant durfng

projectile  motion .
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Q-35.14:
Correct ans wer in (1) 1S
(a)
Correct answer in  (11) IS

(b)

)

e e ———

| visit
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