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@ WORK, ENERGY, POWER

&GRAVITATION O,
1 calorie = 4.18 J i

c e " 1kWh = 3.6 x 10° )
— Bl s ® Capacity to do work. 1eV=16x10")
W F d cos 9 e Sl unit: joule (J). lerg=107"J
e Scalar quantity. e KineticE PRI TR Elasti

T o - inetic Energy ravitationa astic
. ?: ljmt1 Jr:t::‘e) ) (KE) Potential Energy (PE) = Potential Energy (PE)

Z PR 7 ‘
® Work is zero when dlsplacement FTﬂ . KE = %mv2 PE = mgh PE = —1— kx?
is zero or when the force is

perpendicular to displacement | =
@
Examples: centripetal force, =

carrying a load horizontally.

® Work-energy theorem: Net work change in kinetic energy.
® Negative work when force acts e Conservation of energy: Energy is neither created nor
opposite to displacement. destroyed; it changes form.
Example: friction. e Einstein’s relation: E = mc?
@ During free fall, KE + PE remains constant
e - 1% (neglect air resistance). .
\
( Device / Process | Input Energy ‘ Output Energy W 2
i : | Potential energy | Kinetic - —_ ( \
Aml Hysogketripant . (water) . Electrical t \ A ’l
@ Generator / Dynamo 1 Mechanical . Electrical e Sl unit: watt (W) = J/s
@ Electric motor Electrical | Mechanical ® 1 horsepower (hp) = 746 W.
ﬁ Solar cell Light (solar) ' Electrical ® Commercial unit °f_ electrical
) : - , : energy: kWh (1 unit).
Microphone | Sound | Electrical e Efficiency = (output + input) x 100%.
m) Loudspeaker . Electrical Sound
k2l Battery charging ‘ Electrical Chemical Efficiency (n) = Output ShET9Y. 100%
‘ " Photosynthesis ’ Light (solar) " Chemical ] Input energy
\ | \ = /
9
_NEWTON'’S LAWS OF MOTION GRAVITATION ki
_ law ‘Statement Key Points ||| @ Universal law of gravitation: =
] A body remains at rest or 2
1. First Law in uniform straight-line Mass measures F =G MM m .- Q
(Law of Inertia) | motion unless acted on by inertia. r? \

an external force

== ; = ® G=6.67 x 107" N-m¥kg? r
=ma Sl unit: newton (N) ® g% 9.8 mis?enEarth, 7
2. Second Law Force is the rate of change | = kg-m/s? g e / g < =
of momentum. @ Gravitational potential energy: "
3. Third L Every action has an equal | Examples: rocket U=- GmM
- 1hird Law and opposite reaction. propulsion, gun recoil. r

@ Applications: planetary motion,
satellite orbits, tides.

® Momentum: p = mv.
® Impulse: F x At = change in momentum.

@ Conservation of momentum: Total momentum remains
constant when no external force acts.

@ Centripetal force: F_—r— :

® Friction: static > kinetic > rolling.




UNIVERSAL LAW OF GRAVITATION
E=G _'ﬂir_z"k

e Fis the gravitational force
between two masses.

g = F ~ 9.8 m/s?

e G = gravitational constant
(6.67 x 10-1* N-m?/kg?)

® G =6.67 x 10~** N-m?*/kg? e M = mass of Earth
(measured by Henry Cavendish in 1798). e R = radius of Earth g ~ 9.8 m/s?
- 4. 8/
VARIATION OF ¢ At P;'g; o GRAVITY ON OTHER BODIES i
g=2. m/s =
Maximum at poles: g = 9.83 m/s? D o '

Minimum at equator: g ~ 9.78 m/s?
Decreases with altitude (height).
Decreases with depth (inside Earth).
g = 0 at Earth’s centre.

At equator
g= r?"/7s§ Moon Mars Jupiter
| g=1.63m/s> g=37m/s> g=24.8m/s?
(about 1/6
J L of Earth) )

Basis Mass Weight e Apparent weightlessness
Meaning Quantity of matter | Gravitational force in an orbiting satellite
. (W=mg) | occurs because it and
Nature . Scalar quantity Vector quantity | its occupants are in
Slunit | Kilogram (kg) Newton (N) | continuous free fall
Change ; Changes with towards the Earth.
(_ With location ReTami(fh?t?nt __location (varies) )
|
@ All bodies fall with the same vy = y + at
E acceleration when air resistance I
¢ isneglected. s=ut+ iat
@ 3= e For Earth: v, = 11.2 km/s
' VE=U"+2as | o ForMoon: v, ~ 2.4 km/s
—
ORBITAL VELOCITY

Planets move in elliptical

GM Geostationary Satellite (La'wztf ‘6?‘{)"“5) orbits with the Sun
— —_— . |
Yo e Altitude: = 35,786 km at one focus

' Second Law | EQual areas are swept

in equal times; planets
(Law of Areas) - move faster near the Sun.

above equator » g0
® Near Earth’s surface: -~~~ 2"~ g® || ® Orbital period: 24 hours @\ *\ 4
Vo=7.9km/s / __8Z® " || o Example: INSAT

/

Thirdlaw | T°x a®

(Law of Periods) (T = time period,
a = semi-major axis)

® Relation with /
escape velocity:!
I

Polar / Sun-synchronous Satellite =~ "~
V. =v2 XV, \Nll / || e Atitude: ~800-900km | -~

) /|| o Altitude: ~ 800-900 km T e ik
¢ e Example: IRS - ) Sun °

~
~ -
- -
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_ mass _ m
P = Volume 4
e S| unit : kg/m3
® Water has maximum density
at 4°C = 1000 kg/mé.
e Relative density (specific gravity)

Barometer

PR ESSU R E (m) (Torricelli, 1643)

e S| unit : pascal (Pa)
(1Pa=1N/m?)

e Atmospheric pressure
~ 1.013 x 10° Pa

has no unit. = 76 cm of mercury
Relative density = % (760 mm Hg).
i water D - hy— = o
ARCHlMEDES’ PRlNClPLE PASCAL'S LAW i
| (IcTa= &1 fArgia) (ureae &1 fAde)

A body wholly or partially immersed in a fluid
experiences an upward buoyant force equal to
" the weight of the fluid displaced.

Fg = pniag Vdisplaced

Buoyant force |
Law of flotation:

A body floats when

Weight It floats if its density is

4 (downward)

Applications

o Ships (float because average density < water)
@ Submarines (change density using ballast tanks) =%
e Hydrometer (measures density of liquids)
@ Lactometer (measures purity of milk)

Buoyancy is greater in sea water (higher density).

its weight = buoyant force.

less than that of the liquid.

Ship ﬂdats due to
buoyancy.

Pressure applied to an enclosed fluid is
transmitted equally in all directions.

 Applications

® Hydraulic press
(used to lift heavy
loads)

® Hydraulic brakes
(in vehicles) J

N

"
—

BERNOULLI’S PRINCIPLE
(st 1 firgia)

In a flowing fluid, pressure decreases
as the speed of the fluid increases.

Lower pressure
(higher speed)

Applications
® Aeroplane wing
(lift)
——— @ Spray pump
(used in atomisers) J

=
/f Higher pressure

Aryabhata (Patna)
(476-550 CE)
® Aryabhatiya

(lower speed)

J

® Gave the view of
Earth’s rotation.

Brahmagupta

(598-668 CE)

® Brahmasphutasiddhanta
(628 CE)

(gravitational pull).

@ Described Earth’s attraction

Gandak Project (Valmikinagar)

on the Gandak river.
Kosi Project (Birpur) on the Kosi river.
Sone river projects (e.g., Indrapuri,
other small hydro projects).

These projects illustrate the conversion:
Potential energy — Kinetic energy —
Electrical energy.




