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System of Units \\/, S I Derived Quantities
Length Mass Time e g a ra Quantities which can be derived
- " S from fundamental quantities.
CGS  Centimetre  Gram Second Applications of Dimensions Limits of Dimensions quAn
1. Principle of Homogeneity 1. The relation derived from this Dimensions
FPS  Foot Pound Second Only same type of physical method gives no information Quantity Dimension Symbol
quantities can be added ox about the dimensionless Length L
MKS Metre Kilogram  Second subtracted x=A+B x=A—-B constants. Mass M
Fundamental Quantities [x|.= [A] = |]3..| 2. The' dimensional q.uantlfy Fo be o r
SI unit Symbol 2. Conversion of Units derived must be of lI-IllltIpllu.llll)ll
, - 1m=100cm = 1000 mm type. We cannot derive relations | Temperature 0, K
Length metre = = = if addition or subtractions are
_ Y = LU, = mu;  nu = constant 3 Electric Current LA
Mass kilogram kg Whe ith I involved.
. oo S 5 ."mlt elcon'lc smatier, 3.  This method is not applicable Amount of Substance Mol
e SREIE St VA N0 NCTEase. when unknown variables are Luminous Intensity ed
Temperature Kelvin K 3.To derive relationship more than equations present.
Electric Chrrcht Ampere A between physical quantities v[ Angles and trigonometric
Luminous Intensity Candoka od .. . u functions are dimensionless
Units and Dimension iuandity
Amount of Substance mole mol - s 0 ; o1 070
A physical quantity is expressed as [8] =[L°] [sin O] = M'L'T
Plane angle
0 nu v"All exponents are
" \§ ‘_I |—l dimensionless.
- {: Plane Angle = aLs Le.ngth Numerical  Unit v Logarithmic functions and
_____ ii___-_ Radius Value it’s arguments are
dimensionless
l Solid angle [a] = MOLOTO
ST unit Symbol [log a] = MOLOT®
Plane Angle radian rad Area ; . .
- / A Solid Angle = ———— Dimensionally correct equation may or
Solid Angle Steradian sr (Radius)

may not be correct but dimensionally
incorrect equation must be incorrect.
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Small Angle Approximation Binomial Approximation
If O is very small then If |x| <<1
92

sin 6 = 0 cos9m1—7 1+x)"~1+nx

T e
tan 0 =~ 0 271 radian = 360°

e — _\-—-‘_‘\
0 must be in radian q° ! S rad
180

—
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Q) Time period of a simple pendulum depends on its length and acceleration
due to gravity. Find an expression for time period.

Sol. T x ¢3gP

T = K¢2gP
[T] = [K¢2gP]

b 1 1
T =L3(LT %) T =K {2 g2
LO T—l — La+b T—Zb ¥/

1 = —

a+b=0;-2b =1 g
el 1
R
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T

Q) Can [momentum, mass, velocity] form a fundamental set ?

Sol. pocm?vP

M!'L'T! =[M]* [LTI]
MIL!T-! =M*LPT
a=1 b=1)

Momentum can be expressed
in terms of mass and velocity.
Hence this set cannot form a
fundamental set.
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Vector A S I
\m =Magnitude of A e e a ri Scalar Product (Dot Product) of two Vectors

Two vectors are said to be equal if, and only if, Vectors ﬂ E = |A||B|cos®
they have same magnitude and the same direction. — A-B =B:-A
) - - R Bl KB aRC 1K = (&R
o / g A-B+0 AB+AHCA A A|
/ i-i=1 j-j=1 k- k=1
b a =
il i-j=0 i-k=0 k-i:(] ~
0° < Angle between two vectors < 180° ) o _A'B
Parallel Vectors Anti-Parallel Vectors
Same direction and Opposite direction
——m—
angle hetween and angle between —_——
vectors is 0° vectors is 180°
Triangle rule of vector adcliti(m_’
A+B=R R 3 - e - i AT f
m, B _ . component of B along A & ;
||| +[E| = N
G A Displacement vector 4 4
Polygon rule of vector addition — _,P o S
G s Ar = TFe—T; 0
= : o
Parallelogram rule of vector addition
~—— \R = \/AZ + B2 + 2ABcos@ E/d \,'_/./
(_‘_‘_____— / 'r’,
When8=0"° Ry;=A+B o ~
= g
When 0 =180° R,;;, = |A — B| A
Multiplication of vector with real number —— R,.<|R| <R,

— —_—
magnitude |A| |A|, direction remains the same.
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Subtraction of vectors ¥,

|A — B| =+ A? + BZ — 2ABcos0 .
ISOA;O

[A-B|<|[A-B|<A+B

Zero vector A —A=0

Resolution of a Vector into Components
Rectangular Components

e, w—.

R =R, +R,
R =RcosBi+ Rsindj
IRl= [RZ+R2 [R|>0._~
— /
i R Ryi+Ryj
R
IRl IRz + R2
Position Vector OP =T = x,i+ y,i
Resolution of vector in 3D l ‘l 1 l 1
R AR A e | w~z
AL =
EJ . U‘piﬂ yp' Zp)
Ry RJ .I >
——— - "

¥Saral

Position Vector
7 peExityitzk

Vectors
Unit vector
= A
A = —
|A]

*  Magnitude =1

——"* Purpose is to describe a
direction in space

—

il = 1= |-l
fi=1=|-
k| = 1= |-k|

Key Points
__~When two vectors are joined tail to tail
forming two adjacent sides of a ||gm, then one
diagonal represent the sum and the other
diagonal represent the difference.

Y

Projection of vector

R=(Ri + R,j+ RK)

On xy plane willbe R.i +R,j
it e oyt .

& its length will be | R: + R}

Projection on yz plane will be R j + R.,_i(

—

"‘ - . - A
Projection on x axis will be R i
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BANA DE v Kinematics1D Acceleration

///, 1 Average | Instantaneous
San = U + 52 (2n—1) ) = b [
,-l"'
: - N N e <a>= —dr
Let acceleration be *a’ dt
0.5a 1.5 2.5a 3.5a 4.5a 5.5a

& 1 L L L 1 1 L o

(I} II ‘I2 I’- _:i‘ :I7. ;5 t(sec)

2a 6a ) 10a i
- 4.5a i 13.5a / Differentiation i.e. Slope

A body starting from rest with uniform
acceleration covers distance in ratio 1:3:5

in equal time interval,

Integration i.e. Area

sign of a and v are same then speed is increasing

Speed
Average Instantaneous
FIET: 0
| s is distance t//J
L“—_"—'—/ H . 3 H y - L2
<Speed >= = Inst. Speed = ds and if sign are opposite then speed is decreasing
At s dt
<> Velocity
Average Instantaneous
Ar S — — ﬁ LN
dt. S—0

Get it on
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Slope
) y=(m)x+ec

Slope (m) = tan@

0<8<90° slope = +ve
90° < 0<180° slope = —ve

8 =10° slope=20

Local maxima and Local minima
» Local Maxima

C
—
A D

Local Minima

Kinematics1D

Relative motion

Position of 2 w.r.t. 1(F,,)

~ T
® Iy @
Fe/1 =2 1A%
— = -
L iy
dz/q1 =4z — 4
B __---‘--—h
dy d?y
dx dx?
Local maxima 0 -ve
Local minima 0 tve

\

me

For particle under constant acceleration

}Jv=u+at
_Ll)»s:ut+%at2
3V =u?+ 2as
ws= ()

8)s = vt — ;:atz

Motion under gravity

Z/H g 1) Time of flight
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Projectile motion

Y, T= = —=
| B 2
[ _ u’sin’0 u),2
| u =TT
usinel

0 ) A

A ucos@ C R= W ain2e
g

Range is same for the complimentary

angles (0 and 90°- 0). ( % §)

Range is maximum when 9 is45°
Relation between horizontal range and maximum

l—
‘f/tanﬂ F/tanZB R,
height

Equation of tr

gx*

Zu?cosz0

X
y = xtan 6 — =Xtan9(1v—ﬁ) S

If a person can throw a ball to a maximum
distance x then the maximum height to which

he can throw the ball will be §

If two particles are projected in gravitational
field then during the time at flight of both
particles, trajectory of one particle w.r.t. other
particle will be a straight line.

Kinematics 2D =

1D+1D

R
—>

A
T ZU\\
%

Projectile on inclined plane

1 . 2v \°
=3 gsind gcosO

Path of particle having constant acceleration

u=0

Initial Velocity (u)

u# 0,uand a collinear

u # 0, u and a non-collinear

Straight Line

Straight Line

Y “
r= xi+ yj
dx d
(x.y) 5. Ok,  ay,
Y=ar T ad
4 o W'z, g
; 4= a2 " ae!
X
uI — 0 u}' = 0
a, = gsind a, = —gcosb
s, =0
2v & 1
~gcosh O=ut+ > (gcos@) t*

2v
~ gcosd
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River and Boatr—*"&ffr—>—w— 1/, Rain Man situation:
iver an T an . He Saral

1 ’ —> 1. Man observes rain in direction of velocity of

Kinematics 2D = 1D+1D | , | ot man (e

ZWM in direction opposite E) the
e 9 ~.
1 e . \I: \ d
. X component of vg (i.e. along river flow) is
responsible for drift. - — S

velocity of rain w.r.t. man (—Vg,y,). =V, — \"/’M
2. y component of Vg (i.e. perpendicular river
flow) is responsible for crossing the river.

v
tan@ <—2

VB =Vg/r t V¢

—

For min. time For min. distance
V, should be L to river flow |V, should be L to river flow

For Shortest Path: Time of Crossing: For Minimum Time
To reach at B, Vi, If V.> V¥V, then for
sin@=V, minimum drifting
. vr 2 VBr d
sinB < sinB < -
VBT vi" VBI"
A A (&
o 1 i A 1 P
o ] —_— T : 1 ’I —_—
Vi : > : : V‘r f’, 3
d - d == d_
¥ A l Uor | VBr 2 =
Br N 0l |0/ VB
y ¥ —_—
B _d B
" Vy,cos0
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©

For minimum time For minimum distance
V., should be L to river flow V,, should be 1 to river flow
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Newton’s First Law of Motion (Law of |

Every body preserves its state of rest, or of

uniform motion in a straight line, unless itis _ "

compelled to change that state by external
forces impressed on it.

nertia)

¥Saral

Newton’s Laws of
Motion

Inertial and Non-Inertial Reference Frame

s
F..=0N
a=0m/s? i
A |, B |. _3mis ¢ ? 3m/s?
7N\ A N\
Inertial Frame Inertial Frame Non-Inertial
Frame

Newton’s Second Law of Motion

=% - = —
In Inertial Frame, YF = ma ie F , = ma J(
S 0 ==

2" | aw for x-axis
Z F;, = may

2"d Law for y-axis

s F
ZFY—may 3

= F;sinB; + F,sinB, — F3 = ma,

g

0

mol s

‘ +

Linear Momentum

b Linear Momentum is the
product of Mass and Velocity “—

P = mv (kg m/s) or (N-s)
AP~

net — E
The rate of change of Linear

—— —
Momentum of a body = net
Force on a body.

—

=L

Normal Contact Force

+ It is an electromagnetic type of force.
+ It always acts along the common normal of
__Ahe two surfaces in contact i.e. perpendicular
to the surfaces.
* It is always directed towards the system.

Tension Force

* Itis an_electromagnetic type of force.

* This is a force applied by a string on an
~"object or Force applied by one part of
string on the remaining part of string.
* It acts along the string and away from the
system on which it acts.

Tension in a massless string remains
~___—~constant throughout the string if no
tangential force acts along the string.

L

[deal Pulley:
Massless and Frictinnﬁs

T

Ideal String:

Massless and Inextensible
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Newton's Third Law of Motion Qesa ra I Translational Equilibrium
= = Every action has an equal —

A system is said to be in Translational
F1 F2  and opposite reaction. Newton’s Laws of Equilibrium when net force on the system is
g /~/ = zero.
Fo=—F, Motion ZF -0

Action and Reaction act on different bodies and not on X
the same body. Note:

If magnitude of acceleration of each particle

connected with a string is same then
Action and Reaction forces are of same type.

Net pulling force on string
Analysis of Translational Motion using NLM p= total mass
In tra'nslational motio_n of a body, velocity of each point of the Spring Force:
body is equal to velocity of every other point of the body. .

, ) NLP (Natural length position)

In translation motion system can be ‘ : ' g -
treated as a particle. —emmmn—_ F, = —KX
Steps To Follow

B I =K
(1) Define a System /

(2) Define the Environment of the System | | - ”T) | l
. —= | Spring constant
(3) Draw Free Body Diagram (FBD) of S {oF Porce Canstant
the system. Take only forces 01 the / < of spring )
system (not By the system). = T —
Y ( i~ y- ) = Variation of ‘k’ with natural length
(4) Select appropriate axis and apply
Newton's 2nd Law along each axis. T
= = = . . natural length = /¢ _natural length = (/2
F = ma where z F is net force acting on —_—
kf/ = Constant ké = ZkE
' . the system along the chosen ax:S\/ If both ends of a spring are attached with
the listing of forces in FBD in inertial of spring is not possible. T
frame, ‘ma’ should not be included.
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Reading of Weighing Machine R‘C‘Esa ra I Pseudo Force

e If an object is put on a weighing + Second law of motion is not valid in non-inertial

50kg , ’
ﬂ ®  machine and ‘N’ is normal contact Newton’s Laws of frame. ==
-_» fm‘ce_ b/w object & ma‘:hi'fe the_n Motion + “To use Newton second law equation, one
rcad.mg of weighing machine will additional factor is added in F.B.D. of the system.
be given by *  This additional factor is called Pseudo Force.
N
Reading =\—
g g Magnitude of Pseudo force is eq%
Key Point 'm' is mass of system
If a spring is connected with a string 'a' is acceleration of non-inertial frame (in
then replace spring with string and which analysis is done) w.r.t. inertial frame.

find tension (T) in string and equate T
Pseudo force is applied in direction opposite

with Kx to find elongation.
\/ to direction of 'a’'

K Pseudo force is not a’\force.

Reading of Spring Balance
Reading of spring balance = E T

Get it on
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je Dee ]
S ewanal) Newton’s Laws of
Constraint Motion Motion Keypoint
For a system, Constraint relation in string will also
g - hold for string having mass provided it
Z T.x=0 Z T.Vv=0 is inextensible.
—Y7.a=0
L (if a are collinear with v ) n

Steps To Follow to Solve Problems Involving

Constraint Motion TQ | G] ) Ar Z_T QL Fe

1. Take acceleration of each block in some direction. .
2. Make FBD of each block and write Newton's 2nd T 1

law equation as per direction taken in step-I
a, |[3kg — | =
3. Write constraint equations. Solve and get values

of all accelerations. If acceleration comes T
positive — same direction as assumed in STEP-1 :

. . » oy 4kg
and if acceleration comes negative then it is

a,!
opposite to the direction assumed in STEP-1 - l/r i \‘{a ::.7\)( @d'
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Q) If the system is in equilibrium, find m.

LTI
/"\%\ ——r
T 4T 2T T
A A A
41 7 dl |
?2,1 2
"r
v
- v
m ||1kg Ig mg
T=1g 7T = mg
e m =7 kg

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP P Google Play



,/“r‘":'-'\_ — \\/
PHYSICS wanL %el
1 Deewana +)

= BANADE v J

Q) Find acceleration of m; and m, on releasing the system from rest.

Get it on
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[Note ]

If magnitude of acceleration
of each particle connected
with a string is same then

Net pulling force on string
a=

total mass
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-@ww JRIWCK et Pulling fors =

—-;—,,.ﬂ,é Q a=(2g—0) “"fT@ﬂ,& MNan)

smooth
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[Wedge Constraint]

Displacement, Velocity and Acceleration
along common normal are equal.
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“‘Gf § a ra_l Kinetic Friction

Frulmn does not oppose motion instead it opposes
‘Relative Motion o the surface applying friction

e B i3 Kinetic friction comes into picture
force.
e TE Friction when relative slipping occurs
Friction acts along the surface in contact. 1f A It acts in direction opposite to
D > PN e Kinetic relative velocity.
N[ B -

S Kink

45" Laws of Kinetic Friction
Static Friction

If there is a tendency of relative slipping
(only tendency and not actual) between two
surfaces in contact then the friction force
acting between them is called Static Friction
force.

It is a variable force whose value is equal
to requirement to stop relative slipping till
it reaches its limiting value known as
Limiting Friction.

v s s> —

F e
>
YL iliiss

Laws of Static Friction __—

1) Maximum value of static friction (Limiting
friction) is directly proportional to Normal
force acting between the two surfaces in
contact.

2) Static friction force acting between two
surfaces in contact does not depend on
area of contact,

(i“h)[llilx = I‘l_‘& N O‘-(-:.. fs S p’S N

I—»coei'ﬁcient of static friction

Limiting friction

1) Value of kinetic friction is directly
proportional to Normal force acting
between the two surfaces in contact

2) Kinetic friction force acting between
two surfaces in contact does not
depend on area of contact.

1 |—~ coefficient of kinetic friction

Kinetic friction
/._-"h..

Generall)& E;" <nu )
(from expe al observation)

Value of p, and p, depends on
nature of surfaces in contact,

Get it on
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Angle of Response

mgsin6

At some angle of inclination 0 the body
m&lmg down the plane due to
gravity. This angle of inclination is called
angle of repose (8).

0 = tan'(,) is angle of repose.

Net Contact Force:

%__'MN

|
|
|
|
|
|
s

...___pF

f rough

Resultant of Normal and Friction force
is the Net Contact Force.

R = yN? + {2

¥Saral

Friction
fmin =0 = f = tmax = "N
Rmin = N = R = Rpmax. = NvV1+ P-2
tang =0 < tanp < tangp =p
"bmin. =0 < (b < d)ma,\'. = tﬂn'l(ll)
Angle of Friction

Q{‘“N :
tanp = —

¢

1) S

The Angle of Friction () is the angle
between Net Contact Force and Normal
Reaction

¢ = 0 for smooth surface

_—

Weight of hanging part of the chain

For equilibrium with maximum
portion hanging, ——

~Timiting friction = weight of hanging
part of the chain

pL

y=1+p.

Get it on
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\L/,
g . G Sa Id I If o = constant, then
arcleng 7 : — _
Angle =——=—— "< radian = = o= o, +at
R radius Circular Motion 0= wveoE
= . —
2 S = RO S 2
o;> = o7+ 200
w; +
0= ( ' f) t
/ _
0 - t2
Wy 5
Angular Dlsﬂlaceme“t Angular Acceleration (o)
=Jn+a
{ Angular Acceleration is defined as rate of
change of angular velocity w.r.t. time.
Angular Acceleration
Average | Instantaneous
Angular Velocity (o) | S s vmdfs?
Aw unit is rad/s
Angular Velocity is defined as the rate of ey o= E’d_(: Dimension is [T~2]
change of angular position w.r.t time Time Pertod (T) e
Angular Velocity _ The time taken by an object to make one
A\'erlage I In:«.t|antamous revolution is known as its Time Period
AO de
<o>=— =
at iﬁﬂ{y\ dt Frequency ( f
SI unit is rad/s e, — 11.3 d/sec The number of revolutions made in
Dimension is [T!] 30

‘V=R(n) |

one second is known as Frequency.
1 w

T  2n
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Uniform Circular Motion \_/

If a particle is moving in a circle
with constant speed then its motion
is called Uniform Circular Motion
(UCM).

This acceleration acts towards the centre, so
it is called Centripetal Acceleration (a )

Centripetal acceleration is perpendicular to
the velocity and is responsible for changing
the direction of the velocity.

» In U.CM, 5: is not constant as its magnitude
is constant but direction is changing.

¥Saral

Circular Motion

~—__Non—Uniform Circular Motion

If a particle is moving in a circle with variable
speed then its motion is called Non-Uniform
Circular Motion.

Apet = V (ac)z i (at)z = ic_

a; = Ra

— et
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Vertical Circular Motion

Curvilinear Motion -}esa rgl g

L Circular Motion
net dt

Ynamics of Circular Motion
a, is responsible for changing a is responsible for changing

fhe magnitude of velocify i.e. the direction of velocity. The net resultant toree providing

speed of particle. Its direction is towards the i ccntrlpet‘al S06C EAUUILTY
CONCAVE side called Centripetal Force.

ap= il @ a, = ﬁ mv* 2

\ A 4P B T

Magnitude ' Direction
3
Radius of Curvature o] \_Dyaramics of Non-UCM

o Q

1 Along radial

2
— ZFC = mag =% = mw?R

______

—— Along tangential Z F; = ma,

Centre of curvature
2

v
y Radius of curvature R = —
Radius of curvature a,

2
Radius of curvature is property of B = (Z Fr,) o+ (Z Ft)

curve & not of motion of particle.
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In ground frame
f=mw?R
Friction is the
Centripetal Force.

_\\GSa ra I Centrifugal Force

Circular Motion

In man’s frame

mw?R Pseudo Force
(Centrifugal Force)

No friction

2

A"

Friction is present
V<V, V>V, &Q \L/\F\ Angular Velocity in General
- ed. £ J) B Vs

um speed, f=puN For maximum

For

N tanf —
min = |8\ 1 tan0
vehicle can successfully turn on a banked road in a A

circle of radius R for
r

Direction of @ relative velocity L to line joining two particles

Right Hand Rule C

L
# ~
’ .,

separation between two particles
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Work done by for ject is defined as

F is the force on object ds is displacement of point of

wSaral

WPE

0°<0<90° = W =+ve

application of force ( F) F

If F is constant, then = F .S \O S N

W= [T‘g’ = FS cos 0 [T7TT7T 777777777 777777777777
1 f

0 is angle between Fand S

SI unit of work is Joule (J).
Cgs unit is erg.

1 erg =107 joule

e

Work is a scalar quantity.
It can be —ve , zero or +ve.

* Get F,,,; and calculate its work to
7 get W, (for translation motion

WNet

~: Get work from all the forces by
applying W = f}? ds and add
them to get net work

Work as Area Under Curve
r-9 F

W= fodx

0=90°= W,=0
0>90° = Wg=-ve

—

¢ F(constant)
—_—

.f\/\_‘ W, =W,=W,=Fd
f

i rf Work done by constant force depends
o only on initial and final posTTion wmd—
i | —motomthe-patii taken

d e —

Work Done by Variable Force

If the force applying on a body is changing
its direction or magnitude or both, the
force is said to be variable.

Eﬁxdx * F\ydy 2 F%clz

If particle goes from (x; y; z,) to (X; y,; Z,)

w=f?de

F = Fi+Fj+Fk
Ff =xi+yj+zk

Vg Zf

X
W= J’ F,dx + f Fydy + f F,dz
£

i ¥i Zj

Work Done by Spring Force

i—mwmm—ng Wo = %k(xf =

% Where x; and x; are initial and
final change in lengths from
Natural Length of spring
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Work Energy Theorem

Work done by all the forces (external or internal)
acting on a system is equal to the change in Kinetic

energy of the system. /
2

W,. = AKE = KE, - KE,
P

i 1
KE of a particle= ~-mv? = —
p 2 Zm

——-—.—-'-_—__
where p is momentum of particle

= z 2
Wnnt ¥ E mvg - E my;
Vertical Circular Motion \_/’
; (circular motion but not complete)
. u> ,/5gl
) Wy <%l (complete vertical circular motion)
(—,.P-. ~
f A
,: V' W, = +/4gL, for complete circle
| L 2
m > Umin

Conservative Force

A Force is a Conservative
Force when work done by itin
any closed path (Loop) is zero.

Wip=0 = Fis conservative

¥Saral
WPE

*  Work energy theorem is valid in
inertial frame.

*  But we can use its equation in non-
inerital frame by considering work of
Psuedo Force.

Central Force

Force on an object whose magnitude only
depends on the distance 'r’ of the object from a
fixed point and is directed along the line joining
object and the fixed point is referred as Central
Force.

F = f(r)f
T e
—_
Work done by conservative force is independent
of path. It depends only on initial & final
—_
position.

W, 1

-

Work Energy Theorem For System
of Particle

(wnct)sys = (KEf)sys e (KEi)sys

. (wnet)sys = E WF‘ on system
* W, on system =

2. W on each part of system
*  KE of system = }, KE

of each particle of system.

Work Done By Tangential Force

We iﬁ-d\g: fF ds Cos0’

If F is constant in magnitude

W; = F f ds @
Length of

curve

* Constant Forces are conservative.
* Central forces are conservative.

Kineftic friction is an example of non-
conservative force. =9

—
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(PHYSICS wain.

| 7eDeewana ») e
\*_BANADE v

Q) A block is released from rest from top of the fixed sphere. Find 0 at which
block will leave the contact with the sphere?

1 Y85t
Rig YO
& Ty
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Potential Energy (U)

"Vint,C srictone by internal conservative force

Gravitational Potential Energy

________f___ U;=U; + mgh

P ¥
If we take U at ground = (
as reference value then
h
i =U; - U;
7777777, 1

= mgh; — mgh,

- me(hy=h)

Potential energy in terms of Force

(comnservative)
— xf vy z
Ug-U&— foder f Fydy + j F,dz
Xi Yi Zi

Potential energy associated with Spring Force

NLP
i f
> 1
U=-Kx?

¥Saral

WPE

—+

b
F-4& C?;ylsz—t- §1519;

"2..,"

‘0 3

2z

J

x;= elongation

X~ elongation

%} ......... _@

X~ elongation_—~/
f
|
/ “;SP =U;—-U;

A W=7k - xf)

Force in terms of potential energy

Mechanical Energy & its Conservation

Mechanical Energy =
Potential Energy + Kinetic energy

—

ME = U + KE

I W+ Wiag, xc =0
themn ME =U + KE is conserved
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A body is said to be in equilibrium when “bsa ra Power

FII'.[
WPE Power of a force is equal to rate of work done by that force.
Stable Equilibrium _ aw
d?U = dt s
/ m = +4ve | Stable Equilibrium P~ SiP=
* It is an equilibrium where on slight displacement »  S.1. unit of power is Watt (W)
of particle from equilibrium position a force acts - Other unit is Horse Power (HP)
on particle which try to bring the particle back to « 1HP="746 W.
equilibrium position.
) 3;‘;’:3?;:11:11'-8“”'@ Alid opposite S P = % Slope of W-t graph gives instantaneous Power
nstable Equilibrium 1
Unstable Equilibriu W= [dw - [ Pdt
) 2y b 7
—\_, o ﬂ_z — —ve Unstable Equilibrium W is given by area under P-t graph ET /
dx =)
(=5
/ /

» [tis an equilibrium where on slight displacement
of particle from equilibrium position a force acts S
on particle which tries to take the particle away

from the equilibrium position. \j = ——tz

—

time
-

mayv

Neutral Equilibrium
» It is an equilibrium where on slight displacement M Z_‘ :"-\t“{ @ dv

of particle from equilibrium position the particle

remains in equilibrium position 1 VV\CKB

dv
m dtv myv dsv
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Center of Mass
Superfast Revision
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Centre of mass of discrete point masses

oM (X,,y,.2y)

(N o  (Xn¥nip)

_ (MiYa + mpy;+... :ZmiYi
Ty \ my + my +... ¥ m;

Com of several groups of particles

N M,
s < _ M1X1 + M2X2
Xem = M, +M, _ _—
= Y _ Myy; + My,
M= M +M,

Com of continuous bodies

dm

; [# dm

=

(i) - Fem = fdm e

— == z Il‘lil_:i - m1F1+me2+"' \\_,_J

r. =
™ Yy mq+my....

o Iy (%),¥.7y)

wSaral

Center of Mass

m,
®  (X3¥3eZ3)

Locate COM of m; and m,

Pk v it i, 9

m, € di—>Com m,

0,0  d, m, d,0
d my

Linear mass density (1)

Mass per unit length is called o ﬂ
linear mass density A K

For uniform object, A is same for every
element

Surface mass density (o)
Mass per unit area

For uniform objects o = 7

e

Volumetric mass density (p)
Mass per unit volume

If uniform then p= ?
“—-—_._____‘\_“-—’

For uniform objects COM is at
geometrical centre.

Displacement of COM due to
displacement of particles of system

|
E

|
ml{

mIAf'l -+ mzﬁi:z'{' .....
em =

mq + mg+.....

Velocity and Acceleration of COM

- o
m;v; +myVv+.....
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?HYSI?SEI)@__ -..e
#Deewana »)

¢ BANADE ¥ |

Q) Find COM of the following truncated disk made by removing disk of
radius r/2 from the disk of radius r as shown in the figure. vy

1 ©

Sol. o

~ ¢

aTrs —ort(r/2)?
oTIr? (0)+(—om (r/2)?)(r/2) r
d= - ==l
omr< +(—om(r/2)?) 6
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Linear Momentum

Linear Momentum is the product of Mass and Velocity P = mv

SI Unit is (kg m/s) or (N-s)
For a particle.

- dp -
Fnet =E <F

A
Area gives AP

net ST 77 7]

F

f F.. dt=AP

KE of particle

t
Kinetic Energy of a particle g

wSaral

Center of Mass

Kinetic Energy of System of particles

KE of system of particles is the algebraic
summation of KE of all its constituent particles

1, 1 ,
KE= ) —myv} #>M(Vem)

—_—d

For calculation of Ki f 2
system we ole mas
be concentrated at COM moving with ?m-

Principle of conservation of L.M.

Linear Momentum for system
of particles

It is vector sum of L.M. of all the partic
in system.

If net external force acting on a system is
zero for a time interval then in that interval
linear momentum of the system is conserved
(i.e. remains constant)

mii;-l + mzﬁz o TR

Psys. = zpi =t

M = Mass of System

—-

Vem =Velocity of COM of System

- ¥,%
For calculation of linear moment ]
system we can assume whole mass to be
concentrated at COM moving with

Impulse-Momentum Theorem

Impulse is a vector quantity whose uiiit
is same as that of momentum (kgm/s)
or (N-s.)

{ inear momentum of a system is zero, then
its KE may or may not be zero.
i) If KE of system is zero then its linear

momentum must be zero.

Newton’s Second Law for System of Particles

Z F:l?.)(l'. = Macm

—

Macm — FIL‘.\'t+ F!inl Flett+ F

2int

Impulse : Impulse of a force for a time
interval "t;" to "t," is defined as

I= f Fdt

ty

Area under F-t graph
gives Impulse of Force F

If Fis constant, I =FAt

Impulse of Force F
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I Q
Lm.@euumm ) e
= _BANADE v J

Q) Find velocity of m, and m; when m, reaches the bottom after releasing
from rest from helght h. 1

Sol. T h
smooth
\/1_ \/ Z(Fext) X
— 15

[m, m, [}) -P (), @
smooth
0+0=m,v,—m,v,
W, + Wy =K;— K,

(magh) +0 = (2 mqvZ + = mzvz) —(0+0)

——— &\""-'-&_.___\___/

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP P Google Play



o~ \

: —— T N 5
PHYSICS i o
o Deewana e

Q) The man moves from one end to another on a plank kept on a smooth
floor. If system was rest initially, how much has plank moved in the

process? [ v 0, |10kg (7/\
- Ps o D %)
F.v_x’( =i @em =0 __// ) 7

¥ = 4 : C 2m 5
2 th {'Ja
VCm -0 = Q)(.CM:O L 12 -x -

/ - ]
> o / = Y
Oz JO(IL-n)e +ﬁ(n)[—f) -0 . L X = %m

S
e 2% 1L @

@.ﬂ)

\

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP P Google Play



Impulsive Force
Force which acts for a very small time duration and

whose magnitude is very large is called Impulsive Force.

In presence of impulsive forces, non-impulsive
forces (like mg, spring force) can be neglected.

Collision

|
Head On Oblique
Collision . 8 L’/

When during collision,  [f velocities of any of
velocities of both the the colliding objects is
objects are along the not along the common
common normal of normal

colliding objects

*>-—9 @ ‘o

Elastic bodies are bodies which regain their
original shape without any loss of energy.

Head-on Elastic Collision

Y vg b Y V
KE max KE min KE max

PE min PEmax PE min
(i) Total ME of system remains constant.

(ii) Initial KE & Final KE are equal but it is not constant

throughout the process.
(iii) At the instant when velocities of both the bodies are
same then PE is maximum & KE is minimum.

wSaral

Center of Mass

Coefficient of Restitution (e)

Velocity of separation

- Velocity of approach

/ For elastic colhelon e=1
v,
@ @ [ @ @

Elastic
Collision
If m;=m,

Velocities are interc nod
_/ Inelastic Collisio m
—b

Inelastic

/Pcrfectly Inela%tlc (‘ollnmn e=0
@ @ | 0.

Perfectly
Inelastic

Both bodies stick together and move

with same velocity after collision

KE loss in collision

KEIuss = KEi = KEf

m;m,
————— = (reduced mass)
m, + my

———
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1 Deewana »)
¢ BANADE v |

Q) Find v, and v,'

Sol. P,=P;
9x3+1x1=3v,' +v,’ «.(1)
V,I=V,! 1 v,-v/ 9
= > = = .(2)
= v, =6m/s v, =10m/s

e —
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e MY
SR o ¢Saral |
A FSNAH“) COM Frame %e
eewana ;. Center of Mass
> BANADE v J — - =
l_)'S s = MVem Psys/cm = Mvcm/cm

In Centre of Mass frame, Linear Momentum
of a System is Zero

Oblique Collision
Kinetic Energy of Two Particle System
%) 1 in CM Frame
0‘ l
X In CM Frame mpm;
=H
Viicsi Vo cnin my + m,

el

[TTTTTTTITTTITIIT
6—) m |m_| (reduced mass)
? + KEsyrm

: : \‘%. = 2 H (Vrel )?
| 1

Along the common Normal Perp. to the common Normal

(Head On)
¢ + &

total mass of system

: - .
K KEgys = KEgonm + 5 (M) V.2
| v A
& —
| .
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Variable Mass

_.\’ Vel =¥ v ‘l"ﬂ\:_

-

> -

V... is known as exhaust speed which is the

speed of exhaust relative to the rocket

M(Av) = Amy,

Fihrust =

Recoil of Gun

F . MpyiletVrel.
thrust — At

V.. is known as muzzle velocity i.e. velocity
of bullet w.r.t gun.

¥Saral

Center of Mass

Center of Mass of some Shape
Disk |;_'_ _
Ring Q
Solid Sphere 0

Hollow Sphere

Semi circular plate - ) 48 - 1.33
3n
Semi circular ring m 1 R =7
R | =
JRICK .
Solid hemis;phvre | T
Hollow hemisphere @I L

R

Mk |
L1

Solid cone
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'Doubt Solving]

l Topic-Wise ]
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\

\ Tests /

Review j Mentorship |

|
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Complete Physics Mega Revision Timetable

16 Feb 17 Feb 18 Feb

Electrostatics Calorimetry Magnetic effect of current J UD
Current electricity Elasticity Magnetism and matter Vector
Capacitor Thermal Expansion|l Emi Kinematics 1D
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KTG NLM
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| e o
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|Errors in measurement Sound wave Communication system
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