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UNITS AND MEASUREMENTS

Z=A*B
MEASUREMENT ERROR F AZ=AA +AB
defined by the \1 PN 7 - A2
. o . for \ =
Internationally ) Uncertainty in the Combination /(. ]_> AZ 2£
SLunits €<= 4ccepted <— Units of mleasurement Magnitude oflmeasurement measured values of errors '\ operations ./ V4 A
. . that can be related in accurately known digits 7 - A-Bor A/B
which consist of terms of fundamental plus first uncertain digit K5 ol AD
\ seven Base base quantities in a measurement arising from 7 = i | F
SI units l l,
. o »
o erived units Dimension Significant figures Systematic error Random error Least count error
27 Practical ™, Sumnl | . e K | \ I
/ CPp \ u ementar emperature
' units in ' PP Y P esults in caused b caused b
\ different scales ./ units which can be ! u\l' ' eey aeay
O deduced by - electric current A causes
mass M > RS scatter of repeated
/" using five base )_j‘ measurement
Small scale . . \_  quantities
Dimensional o Pt . .
analysis ~~~~~ noise (fluctuation error in
Length Mass | length L time T in values) resolution of the
v characterized by instrument

mass of atoms
in a.m.u.

1A (angstrom) = 10710 m
1 fermi = 107> m

v
Large scale

Intersteller
distance

Mass

|

1 metric ton = 103 kg
1 solar mass =~ 103 kg

which is useful to \‘

Show the relationship
between different
system of units

1AU=1.49x 1011 m

lly=
1 parsec = 3.08 x 101° m

9.46 x 101> m

Implicitly
tell how to derive
a relation

Method to measure
such intersteller

distances from earth

Provide a check
on relation
between quantities

—> Parallex Method

range of observed
values

determined by

N

Precision of
measurement

4

www.smartachievers.online

/" which can be > |
'\ _calculated by

-

RN

deviation of mean
from "true value"

determined by Relative error
l Rel Aa = Ad,,
a}“l
Accuracy of
measurement  Apsolute error Percentage error
Aan =y~ Ynean 8“ = i

m




— MOTION IN A
-STRAIGHT LINE

"
\J~
&
T S
-y . o v 0 ot =i S

If a body changes its position as A system consisting a set of 3 " A *~
time passes W.rt. frame Of wm coordinates and with reference > X 7
reference, it is said to be in to which observer describes any 7 o i
motion. event. The observers are moving in a particular direction x at a I

relative velocity of v and each observer has their own set
of cooramnates b it ind Bt gn ) |
= |
Average ~Instantaneous ]
Acceleration Acceleration, :
i a o _AY g= ¥ _db N
The actual path length covered The change in position av = A ; N At—s0 At dt i
by moving particle. vector. l/ |
|
[
differentiating with 1
respect o time The time rate of change of g
o o AV
velocity, d = A I :
. s I
The rate of distance covered The rate of change of position — [
with time is called speed, perunit time, differenfﬁﬁntg with Uniform ]
_distance d displacement A% Sl Acceleration [ |
—_— Vo — T e—
S Setalitome. Pr— At Magnitude of velocity |l
changes by equal amounts /i
| in equal intervals 1
of time. 1
Instantaneous' : N T Instantaneous i |
Average Speed S Average Velocity Velocity : ¥
total distance P Ad N A% B A% d¥ Non-uniform i
1 Wi [t —— Yoy = 20 =L e Acceleration ]
o 3 At—0 At - : At—o0 At dt Acceleration changes /'l
with time. ]
|
-----------'
Constant Acceleration | i
- = . o |
For Uniformly = —— Acceleration changes with time A theriatical teafinentits U
Accelerated Motion For Motion with <~ describe the motion of a body |
. Variable Acceleration . in 1-dimension. 0
’ For Motion Under ]
Gravity |
l |
o v=utat Ifa = f{t) — a function of time Vertically downward motion Vertically upward motion :
t
s 5=m+_l.mz . v=u+Jj'(t)dt (Freefallcase) u=0,a=g v=0,accelerationa=-g¢ :
2
o V2=1242as % ’ Z—gl; 5 . :
. = 1 2 t * = — 2
Bt o s=ut+ [(fO)dDydt vz—zﬁg h=ut— 12gr 1
‘n_u+5( n—1) & o = s U= \/@ 1
L
>’
. 4

Graphical Representation of Uniformly Accelerated Motion

$ v

Slope = v

Slope =

o

Slope =0

Area =displacement |

Area = velocity

f— = —

(b)

()

The velocity with which an object

moves with respect to

another

objectis called relative velocity

Vag= (VA - VB) & ‘—»'

Eom—

Vap={Vy-(-Vp)} e - S

Veleckr (V)

= O )
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BRAIN

MAP PROJECTILE MOTION

CLASS XI

PROJECTILE / Motion 4

*7 A body which is in flight through the atmosphere
under the effect of gravity alone and is not being

Projectile
Motion on

Horizontal

Prme.ctlle propelled by any fuel is called projectile and its an Inclined
.' Motion motion is called projectile motion.

VA
olt=0 -

r P(x, y)
T N ‘-b"’v . a,=-gsina
h N Oblique ay=-geosa

a,=0 . . AT=0
l g Projectile ']

Motion
‘ . T 2u sin © He u?sin% 0
I gcosa I I 2g cos a I

e Equation of Trajectory e Equation ofTrajectory B
1 g v
_2—
2 u?cos? O o Horizontal Range

I y =) I y=xtan6 -
] ] I This represents the parabolic path. I 3 2_142 sin 6 cos (GENCH

I & cos?a I
,
T:\/Z—TI R=u\/2—7h
I ¢ 4 | 3 |

\I-> Maximum range occurs when
T, o

9 = Z r 7
X
‘ Z 4 \!S> Maximum range along the incline
e Instantaneous Velocity % when projectile is thrown upwards
.3>\ é - uz
V= ’\/M2+2gy :\/M2+g2t2 Rmax_g(l+—sin(1)

\I:> Maximum range along incline when

V. gt
I tan ¢ = v_i = tan‘1<u—>

the projectile thrown downwards
2

» Projectile passing e Maximum Height o Time of Flight I o Horizontal Range Rinax =g(1 - sin o)

u
through two different e u® sin’ 0 T - 2usin® B u? sin 20 -
C o G ~
points on same height I » For complimentary angles 6 and
attimet, and l ‘ \ (90 - 6) range remains unchanged
- gt1t2 IR io of i e » Relation between horizontal range
a.. 1(1,(1) 1r:1e = ig . tor and maximum height
projectiles at complimentary R 4H cot 0
_usin@ i ] angles © and 90 - 0
R sl Ty — » RangeRisntimes » If R = H then 0 = tan"1(4)
> Too—o — the maximum height H or0=76°
L= usme _|& R=nH;0=tan"'[4/n] » IfR=4Hthen0=tan"(1)
e u sin 0 g
or6=45

www.smartachievers.online



BRAIN
MAP

CLASS XI

Time period T =27 fcos6
4
Linear velocity v = \/grtan0
Angular velocity o = g
Icos®

Maximum safe
speed on a banked
frictional road

e rg(u+tan0)
1-utan®

Ncoso N Bending of a Cyclist :
The cyclist should bend

Nsind through an angle

mg 2
0 =tan"! (V—J
44

—

Uniform Circular Motion
A particle moves in a
circle at a constant
speed.

o Angular
displacement :
It is denoted by 6.

SI unit : rad or degree

« Angular velocity (o) :
A8 dB \
o= Lt —=—
At—0 At dt
Relations between :
esandO=s=r0
evand ) = V=0 X7

-

Banking of a road :
Optimum speed of a

CIRCULAR MOTION

Conical Pendulum : mv? L
Tension in the string *AsF= T #0, Particle is
not in equilibrium
2 .
2 * T, = 0 as central force is
T=mg,|1+| —
g

involved. i.e., p # constant but
L = constant

/

Forces
Centripetal force

my
F. =ma =——= mro?

r
Tangential force, F, = ma,

— Net force, F,,, = myJa; +a;
Dynamics of
/ Circular Motion
Tangential
acceleration :
4, =O0XT
Centripetal
acceleration :
. . a. =XV
Kinematics 2
of . . /
Uniform CI RCU LAR Kmemfa"cs Non-uniform Circular
Circular or Motion
Motion MOTION Non-uniform Speed of the particle
Circular in a horizontal circular
Motion

/

Condition
of
Oscillations

[

The particle will complete
the circle if

u=,/5gL

Condition
of Looping
the Loop

Motion in a
Vertical Circle

motion changes with
respect to time.

Body is under the influence of
gravity of earth and total
mechanical energyis conserved.

[

Condition Tension in the string Tension at any point
of Leaving becomes zero before on vertical loop :
the Circle  reaching the highest point

2
T—mgcose=%

if 2L <u<.[5gL
B
Particle will oscillate if

velocity becomes zero Yy = 38
the tension in the string
is not zero.

O<u<,2gL

VB:\/g_L

www.smartachievers.online



BRAIN

MAP

SIR ISSAC NEWTON
{1643-1727)

Crass XI

Inertia of Motion Non-uniform circular motion

Inertia of Direction : o e A
Acceleration, d =dp +de =GXF + O XV

The tendency of a body to
The property due to which a

remain in a state of uniform

i,

body cannot change its
direction of motion by itself.

Inertia of Rest

The property of a body due to
which it cannot change its state
of restbyitself.

" Newton’s 2™ Law ™
” The rate of change of linear
| momentum of a body is directly |
proportional to the external
force applied on the body in
the direction of force.

Y

Introduces the
Concept of Force

v

Force =mass x acceleration
F=ma,SIunit=N

of rest or motion until unless an

/"To every action there is always \

motionin astraightline.

- 1

Newtons 1St Law
A body continues its state

r
#

external force is acted on it.

Centripetal force F, =

a= \fa% +a(73

““Circular Motion

/ A body moving in a circular patH“’{
is called circular motion.

Motion of a Car on
Banked Road

* Maximum velocity on
banked road to avoid

skidding
rg(u, +tan0)

llmax =S J (1_“5 (ane)

2
my

r

. | LAWS OF MOTION AND
' ' THEIR CONSEQUENCES

CIRCULAR MOTION
N HORIZONTAL PLANE

* Optimum speed on a

J

Bending

y " Newtor’s 39 Law

: : Angle of bending 2
an equal and opposite reaction iy P |
Fpp=~Fpa I G M

Friction =

Resistance offered to the

relative motion between the surface
of the two bodies in contact.

v

Types of

(a) Static friction : acts when

force, f,.=F,

ext

Impulse
A large force acts for a very
short duration of tim
producing a finite change in
momentum.
J=Fxt=Ap

4

Conservation of Linear
Momentum
Total momentum of an isolated
system of interacting particles is
conserved if there is no external force
actingonit. Pipitia) =Prina

€

Acceleration of a body sliding
down arough inclined plane,

a=g(sin0 - ucos )
Angle of friction, 8= tan "L ( 1k
Angleof repose, ou=tan ' ().
Numerically, =0

Friction

abody is at rest on application of a

(b) Limiting friction : acts when a body is just at the verge of

movement, f;= N

(¢) Kinetic friction : acts when a body isactually sliding, fi= N

www.smartachievers.online

on a circular turn

Vertical

Ncos©
l

smooth banked road

vy =+/r¢tan0
! Road

i surface

of a Cyclist

v

/Horizontal

/ surface )

Motion of a Car on Level Road

NcosO N

N sinf . )
Maximum velocity on a curved

road to avoid skidding
g

Ymax =

Problem Solving Techniques
in Mechanics

Make free body diagram of each element
showing all external forces actingon it.

Analyse the magnitude and direction of
pseudo forcesif thereisany.

For equilibrium of concurrent forces use
R+FK+FE+..+F,=0
F_B _5B

sinot, smﬁ siny
For horse cart type system

F.t_f
MH +M

(Lami’s theorem)

F,= horizontal

component of reaction

@rt £= frictional force
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CLASS XI

|
Identify the unknown forces and accelerations.
. Draw FBD of bodies in the system.

= Resolve forces into their components. '

- Apply SE=Main the direction ofvin'ott.on.
= Apply SE=0inthe directiorf of equilibrium.
Write constraint relation if exists.

&

Solve equations SF=Ma and 2F=0.
Newton’s 2"d Law

he rate of change of linear
momentum of a body is directly’
proportional to the external
force applied on the body in
the direction of force.
dp

——=ma
dt

F=

Angle of Friction (6) and

Angle of Repose ()
S=\R>+ f7 R
tan® = ﬁ =U, =tana
.. Numerically, "

mg sin o,

« When there is no friction

The motion resisted by a bonding between the body and the
surface in contact represented by single force called

NEWTON’S LAWS
OF MOTION

Inertia of rest

Rocket
Propulsion

Instantaneous
. 3 ¥ veloci
Inertia of motion velocity

a
Acceleration
Inertia of direction
Newton’s 15t Law

- - Pseudo Force
A body continues its state

of rest or motion until
unless an external force is
acted on it.

ext T FP:eudu =Ma

1

o seudoimiNG s s o

/

For non-inertial r
frame of reference Walking
&
D
\ / Newton’s 3'd Law ; A A
R sin0 === hmund pushes
1. B € person
LAWS OF MOTION To every action there is Rf(reaction)
i always an equal and > —-R A
i AND THEIR opposite reaction. - cos .
‘\. - - €rson presses the
e Fap=-Fpa ground (action)
Horse Cart Type System

For horse cart type system
I F,. = horizontal
_ s component of

My + My reacti_on_ force
f= frictional force

Maximum Length of Hanging Chain

- 5 Length of a chain je—(L-1)—>
hanging in air T
r _ ¥y
14w

« Whenthereisno friction
= a,=F/m;ag=0 @ ag=F/Manday =0
= A will fall from B after time i rg&;" N = A will fall from B (backward) after time ¢
2L [2mL oy e ’ZL ’ZML
t=,—=.— 9 rest BN e =
a F E P i a F
9 j;,,: Foxt f —u N
. 2 e fi=mN « Friction presentbetween A and B (F<f)
o Friction present between S When a body . i !
= M = Both the bodies will move together
AandB(F<f) 2 is just a; the When a body =
! % verge of is actually = =
= Combined system will move K movement sliding © S and f, = ,mg
together with a=F/(M + m) o Applied force = Pseudo force on the body A,
'
. F'=ma=—2
« Friction presentbetween l m+M

AandB(F>f)
= Relative acceleration

Motion of Two Bodies One « Friction presentbetween Aand B (F>fl)

Resting on the Other = Relative acceleration
a:,;A_aB:w Force F applied Force F applied a:uA_aB:_[F_“kg(m‘*M)}
mM to upper body to lower body M
= A will fall from B after time m| A F A |m < A will fall from B (backward) after time
,ZL 2mML |
t=.—= E—TVS M B B M L B[—>F = E: 721\/”‘
a \MF - mg(m+M) - F— i g(m+ M)

www.smartachievers.online



BRAIN

\V/V:\23» WORK, ENERGY AND
POWER

CLASS XI

WORK ENERGY
Work is said to be done whenever a force acts on a body and the It is defined as the ability of a body to do work. It is measured by
body moves through some distance. the amount of work that a body can do. The unit of energy used
W=F.§= FScosd (where O is the angle between force applied F atthe atomic level is electron volt (eV) and ST unit is J.

and displacement vector 3)
The ST unit of work isjoule (J).
Kinetic Energy
It is the energy possessed by a body by virtue of its motion. The K.E.

Nature of Work Done of abody of mass m moving with speed vis
If0=0°, W=FSi.e,workdoneis maximum. K= —mvz __p_z
I[f0=90°, W=0i.e.,,workdoneis zero. 2 2m
Potential Energy

It is the energy possessed by a body by virtue of its position (in a
field) or configuration (shape or size). For a conservative force in

Work Done by a Variable Force

The work done by a variable force in changing the displacement ohedimension, the putential erergptuaction Jbd egbe dofined

S as X
s U 1
from §,t0S,isW= [ F-dS = Areaunder the force-displacement F(x)=- : b(CX) orAU = Uf =U;=- J F(x)dx
u C
graph S %
Power v Potential Energy of a Spring
The rate of doing work is called Work Energy Theorem According to Hookes law, when a

The work done by the net force spring is stretched through a distance

power. ; :
— acting on a body is equal to the x, the restoring force Fis such that
> Ttis defined as the ratio of the small changein kinetic energy of thebody. Penilahiere Ris heapting eonam, g
amount of work done W to the W =Change inkineticenergy i anditssatisbine)
—— il " 1..& X3 2 The work done is stored as potential
time taken ¢ to perform the work. = Emv —Emu = W =AK_.E. energy ofithe spring
pP= w The work energy theorem may be . '
t regarded as the scalar form of W= Ikxdx: lkxz — U=£kx2
The STunit of power is watt (W). Newton’s second law of motion. 0 E 2
Head-on Collision or COLLISION Oblique Collision

One-Dimensional Collision

It is a collision in which the colliding bodies & collis'ion 'between W boc'lies is said_ =
move along the same straight line path occur if either they physically collide
e vme il s ibeesl Nstan. against each other or the path of the motion

If the two bodies do not move
along the same straight line
path before and after the
collision, the collision is said to

1 m o 1 f bodyis infl d bythe other.
O—buld—buz O—»vl Cj—>v2 o oneoodyls ITencec By e omer be oblique collision.

Before collision After collision
Velocity of approach = Velocity of separation Types of Collision
Oy Sty =t = Elastic collision : Both the momentum and
Also, v, = m =ny up + 2m, 1ty and @— kinetic ?nergy.o'fthe system remain conserved.
m +m, my +my Inelastic collision : Only the momentum of the
om 2m e system is conserved but kinetic energy is not

mtmy, L omm, wwwismartachievers.online
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Pendulum Suspended in an Accelerating Trolley
e For a pendulum
suspended from the
ceiling of a trolley
moving with
acceleration a, the
maximum deflection

0 of the pendulum [ J

from the verticalis 0 = 2tan "

Nature of Work Done
o Positive work (0°< 0 < 90°)
Component of force is parallel to displacement
¢ Negative work (90° <6 <180°)
Component of force is opposite to displacement
o Zerowork (6=90°)
Force is perpendicular to displacement

~~

Work Depends on Frame of Reference

With change of the frame of reference
(inertial), force does not change while
displacement may change. So the work
done by a force will vary in different frames.

Work Done by Friction

¢ Work done by static friction is always zero.
e Work done by kinetic friction on the
system is always negative.

Work Done hy a Spring Force

¢ Work done fora displacement from x; to x;
D s g
W, = _Ek Xf—X )

i

U Potential Energy Curve C

—=0
dx
Fy=Fs=F:-=0

at points

> 4,5and C

product of the force and the
displacement (S) of the

e

Work Energy Theorem for Non-inertial Frames
For a block of mass m welded e
with light spring (relaxed)
When the wedge fitted
moves with an acceleration
a, block slides through

maximum distance [ relative to wedge,
e 2m

. [a(cosO — pnsin®) — g(sin 6 + pcosB)]

Different cases explained using work energy theorem

/

\ |
Work Energy

Theorem

Work done by a force acting on a body
is equal to the change in the kinetic energy of
the body. It is valid for a system in presence

ofall types of forces.
Work Wiowl = AK Energy
Work done L
by a force (F) is e.energy
equal to the scalar of a body is defined

as its capacity for doing
work. Energy is a scalar

Poss _. _ (8istheangle quantity.
W=F-§ between F and S)
W =FS cos ©

Unit and dimensions for both energy and
work are same
Dimensions : [ML?T 2]

S.I. Unit : joule (J)

Potential Energy
It is the ability of doing work by a
conservative force. It arises from
the configuration of the system or
position of the particles in the
system.

/
N

Relation hetween Conservative

Negative gradient of the
potential energy gives force.

F=-2=
dr

www.smartachievers.online

WORK AND ENERGY

Work Done in Pulling the Chain

Mgl »
m? L/n
{M = Mass of chain
L = Length

n = Fraction of chain hanged}

Motion of Blocks
Connected with Pulley
e Two blocks connected by a
string, as shown. If they are
released from rest. After they
have moved a distance [, their
common speed is

e

2(m, — pm,)gl
ml + m,

V=

An Application of
Conservation
of Energy

o A block of mass m, falling
from height h, on a
mass less spring of stiffness
k.

» The maximum
compression in the
spring will be

%{1@} %ﬁ ]
|

Force and Potential Energy » Ifblockis released slowly (h=0),

. . 2mg
maximum compression, x = N

» Work done in bringing the block

m2g?
2k

to stable equilibrium, W, = —
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Velocity after collision :

vlz[wjuﬁ[m]uz
m1+m2 m]+n12

[(1+e)ml] [mz—eml]
Vo= ——— |+ | —=———|u,
ml+m2 nil+m2
Loss in kinetic energy :

1 mym

(AK) =

Head-on col]ﬁsion

¥

® Velocities after inelastic collision :

Before collision After collision
.Y L=e
V. l+e

2
» Coefficient of Restitution (e)

_ Velocity of separation along line of impact

Line of impact
and line of motion

Velocity of approach along line of impact

\ 4

Rebounding of Ball After Collision

e After first rebound
~Speed: v, =ev, =¢ 23?10
~Height: h, =é?h,

e Aftern' rebound:
—Speed:v, =¢"v,
~Height:h, =é"h,

¢ Total distance travelled by the ball
before it stops bouncing :
H=hy[(1+ €2/ (1- )]

Perfectly Elastic Oblique Collison

After perfectly elastic oblique collision
of two bodies of equal masses, the
scattering angle (6 + ¢) would be 90°.

COLLISION

| CLASSIFICATION OF COLLISON |

along the same  line of along different

line beforeand  impact  lines before and Neither momentum nor velocity

] 8 Common normal:
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If projectile and target are of same mass N /Ifm2=,,m1 andu, =0

I_:OI Bl =y = ul‘and L s | The fractional kinetic energy transferred
\J.e., their velocities get interchanged. J by projectile
/If massive projectile collides with a light target AK 4n

For m,>>m,=>v,=u,and v,=2u, - u, § K Tt

Sub case : For Uy= 0, i.e., target is at rest = :;,— g+8 /)

NG ' and v, =2u, J § Fractional kinetic energy retained b'y\

If light projectile collides with a heavy targgi:\ & | theprojectile

Form, <<m,=v;=-u; +2u,and v, = u, AK

Sub case: For u, =0, i.e., target is at rest (—) = 1~ fractional kinetic

v, =-u, and v, = 0, the ball rebounds with same K 7 petained energy transferred

speed. by projectile
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