













































































































































Dynamics

Newton's 1st law law of Inertia
If resultant force is zero ie if forces are balanced

then

Rest Rest
Constantvelocity Constant velocity

Define Force
Force is equal to rate of
change of momentum
















































































































































Momentum

Momentum It is the product Change in momentum
of mass and velocity of a

object Change finid initial

D delta chf mm
D ff fi Af

It is amount of motion in Dl mu mu

a body Example't speeds P
mass 7kgMomentum is a vector quantity I

SI unit Kgms or Ns 2ms longs
fue

p
4
29 s

f my D my my

mass 300kg 1 300 20 7110 712
6000KgmsI 70 14

56 kgmil
Example 2

21
30015

S my mass 20.0kg

mass 20kg 5 20 300

Goookgms 20ms.us Rest 4 0

Here you can clearlyobserve both 1 Calculate changein momentum

heavier and lighter object has Be A fi

same amount of momentum
as they have different velocities 2010 20120

400 kegmsl Object

is slowing

down
















































































































































201s
Force Rate of change ofÉ momentum is called force

30kg

F De
Dt

7

The ball is travelling to the F my mu

t
right the speed of the
ball is 20 m s after rebounding F m x acceleration

thespeed is 10ms calculate change
in momentum

At f fi

mu mu myth
301 10 30120
300 600 Fx t my mu

900kgms
















































































































































Impulse The product of forceand Law of conservation of momentum
time of application of force For a closed system Isolated

F If system the total momentum

before collision is equal to the

total momentum after collision

A large force applied for a
us 3

Fx Dt Is

peg After is
short duration can bring in a

small change in momentum as

a small force would if applied
for a larger duration Totalmomentum before Totalmomentum of

collision collision

Force is Rate of changed momentum
g f Seat I

t mill t male Mill t Matz

F

u u gnitianelocity Vila final velocityF mfi
a

Make sure to use
F ma correct signsforvelocity


















































































































































2 a 4.3ms
t 1.51 to reach theground iii time of impact is

12.5ms calculate force
exerted on the groundduring

y
lll
g p m s

impact
F BE

I Calculate final velocity as it 104.8 M

hits the ground
X ut at

y 43 981 1.511

Y 19.1 mfs

1 Given that it reboundswith
the speed of 7mg calculate
the change in momentum during
the impact mass fog

DC my mu

10.05167 005 19.1

A ball started at an

initial velocity of 4.3m/s

and took 1.5s to

reach the ground

















































































































































2

KE f a
pml2m

How to prove this s y
10ms

1 my 2 KE calculate As for theprojectilemotion

As in the horizontalplane

Im xxx

f my

11 Since horizontal velocity remains constant throughout

De In horizontalplane o

If y KE 2 Change in momentum in vertical plane

5ms
10 Sin30I I KE

KE 1 mass 20kg
f If fi

201 5 20 5

F ma

mm

200Ns kgms

I my CAIE they take final direction as

Af Ft positive

Af If fi


















































































































































12msHow to obtain a relationship bw momentum 20m

pof an object P and its KE

Prove KE p
2m

pm a man mm

law of conservation of momentum we need to add the values

d

If Particle are travelling in samedirection

The nature of collision bw two bodies canbe we subtract thevalues

classfied either as 11ms
x y

I
Ii InElastic Collision

Elastic Collision

The momentum of system remains conserved

5mi 12ms
n yA BThe total Energy of a system alsoremains conserved

The speed of approch before collision

Speed of separation

7ms 3ms
x y

A B

y

d

add them

Speed of Kt Y If particles are moving in same direction

we subtract them

Speed of Approach = 7+3 = 10

Speed of Approach = 20-12=8



          SOA = x - y

Speed of separation = 9 +11 = 20ms

SOS = x + y

Speed of Separation = 12 - 5 - 7ms

SOS = y - x














































Q Example of how to apply property of

Elastic collision to solve questions

a go

y gym

5kg
2kg Negative answer implies A is Positive answer implies

A
travelling opposite to thedirection that B goes in samedirection

zoom

B

origniallymarkedon diagram as marked ondiagram

2kg 2kg

y
5kg

2kg 1A B
Before After

Given that collision

0

Elastic Collision

Form an equation based on Find 2 equations to find x andy
SOA 505

200 40 X ty SOA 505

240 se y s I 10 t se t y

2 form an equation based on Pricipleof 2 P
conservation of momentum 2 7 2 3 2 n 2y

g

14 6 2x 2g
mill maus min may 8 2 n t 2g

1000 80 52 2g
920 sa ay

s y my

Conclusion For identical masses performing Elastic

Collsion speeds will get interchanged

i e Initial speed of A becomes final speedof

B and Initial speed of B becomes find

speed of A

before collision

After Collision.



Question

For identical masses performing elastic collision t Momentum of System remains conserved

mtg mtg mtg mtg Total Energy of System remains conserved

A B Since KE is not conserved

g

12ms Rest

A B
Rest 12ms

Hence KE aftercollision L KE Beforecollision

Example
am

Rest s
09

I
2kg 2kg 2kg 2kg

Before After
VoteMomentum of first ball transfers into thelast

naw
rest only the firstand last ball movesback and Principle of conservation of momentum

Min man mix Max

2 1.6 210 2 x 2 o a

y 0.7 ms

ii Show that this is InElastic collision

In terms of KE
KEbeforecollision

I 2 16 to 2.565 Since KE is

KE of system after collision lost its Inel

I 2 7 I 2 o.at 1.3J tic

Interms of speed of approach
50A before 1.6ms a

505 after 0.9 0.7 0.2mg
Since SOA 505 its inelastic



Example 2 Example 3
20kg 30kg

5kg 7kg
2kg onosm o's in o otto

Before After

Rest 1 Calculate change in momentum

20ms Join Combine of A
DPA If fi 2012 20 5

IN 60ns

Principle of Conservation of momentum
Calculate change in momentum

of B
5 20 2 o 5 2 1

A fi 30 3 3 i
x 14.3 Mls

how can we conclude that
Natureof collision the momentum of the system

50A before collision 20ms
remains conserved

g m mm

505 aftercollision Omis Ans Loss in momentum of A
Since they have joinedup Seperation not

possible hence Zero
momentum of B
DPA DSB

ng

end to the gain in

Note Whenever two object joinup and more
Note Change in momentumof A is

together with a common velocity we can conclude

equal to the opposite change in
without working that thenature of collisionwill be momentum of B

Given that the particles joins up after

collision and they move with a common velocity


(y) and determine weather collision is Elastic

or In Elastic









Sketch a velocity time graph wi Show that during collision force
before during and after which A applies on B is equal
collision for A andB and opposite to force which B

applies on A
5 Ans

yep DSBy

3 Since DP Fat Dea Fast

2

2 Faxta FaxtB
Since ta tr Because both

Before During After
particles collide for the
same time hence time canbe

1 Sketch momentum time cancelled out
graph during and After Faxta Fox tr
collision

Fa FB Proved
tot

80

Go Newton's third law

yr
To Every action there is an

20

Before During After
time equal and opposite reaction Imark

Aslevel The forces are equal
in magnitude The twoforces are

opposite in direction The twoforces

act on differentbodies
FA FA



Q A ball falls vertically and How to apply law of conservation of
strikes a metal plate It momentum in two dimentions.am

rebounds from the plate as shown
34g am Rest PI I

2kg5m15 3ms Before After so8

rebound Apply law of conservation of momentum
Explain how principle of conservation of to find ie and a

momentum applies in this case 3 I law in horizontal Plane

The ball losses momentum upon 3 2 210 3 Roosa 110.8cos 20

the impact 3 a Cosa 1.5

N Cosa 0.5 I

This loss in momentum is transferred vertical Plane

gained by the metal plate F
O to 3 R Sind 21 08Sin20

Therefore although the momentum 32 Sind 210.8 sin20

of the ball changes but the 3ns in 2 0.55

momentumof the system that a sin 2 0.18

is Ball metalplate remains To find a eq egg
conserved

find oI
NCosa 0.5

find a

Tana



find n by substituting 2 in the effect of Each other

any equation
Calculate the Recoil velocity

tu of the Gun
Principle of conservation of Methord

momentum

How to apply Principle of conservation 0 t O 0.0051300 2fn
of momentum in situation where initial 0.75ms

momentum of the system is zero

µ
M ma

no

pl0058 Rest

both at Rest 2 n 0.0057 300

ME or 300ms
x 0.75

recoil
velocity

The above working can also be

done using ratio method

for Locom to be valid According to S mu m andvelocity
the find momentum of systemmust are inversly proportional to each

also remains zero other hence

This is only possible if the 2 M 2kg m o 005kg
bodieshave equal momentum in opposite

direction so that they cancel out

Since mass of gun is 400times heavier
then bullet hence velocity will be400times
less 34 0.75mg

Next slide



I 1

Example
g

Example filkg
VM lot

Show that I Q calculate Ratio of Keg Kes

mini man min maxi steps 11 17 at
0 0 Mtv my

Since m a I my

MY my mat
I I

if Show step3 Since ratio of KE depends
on ratio of velocity

KE of gun Kegan I
KE of bullet KEbullet

KE of 2 bodies depends upon
ratio of there velocities



Explosion

Rest

YA A B YB

121cg 8kg

1 Ratio of MI gMB

ii Ratio
If

I
12

1 Ratio Yg
Total KE is given as E

Find Fraction of KE possessedby
A
Findfraction of KE possessedby B

Fs
Hassan 20

of A
Koh sacaya

A B Eg





2 mass of oxygen atom is b Hence calculate speed of Y
6 Relative atomic mass

t

Actual mass of oxygen atom O Yul 1.01013 216a f b

164

where u is unified atomic mass b 2164 44 1.0 15

Iu 1.60 1527kg In datasheet 216 b U x 1.0 1513

b 4xi
tMass of oxygen in kg

2 7 10
20
kg 1.9 1515

Q mass of Helium atom

Yu 4 1.66 10 27

6 6 10 27

A nucleus 220 u is initially
at rest It splits into 2 fragments

Y and Z of masses 216u and

Yu respectively as shown

220m Rest
y
216m I am

boys

2Given that KE of 2 is 1.0 15135

calculate speed of 2

my

Ilya a 1.0 1513




































































