GRAVITATION : Universal Law of Gravitation
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where G=6.67 10 Nm kg is the universal gravitational constant.
Newton's Law of Gravitation in vector form :
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Now r,, =-rp, , Thus Fy, = -G rr; M2 r,, - Comparing above, we get F,, = —F,,
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Gravitational Field E= — = —5
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Gravitational potential : gravitational potential, V = - E= o
1 Ring. V = __Gm & E- —GMr___ g_ GMcoso
. ing. = xor(a2+r2)”2 T (@2 +r2)32 or E= 2

Gravitational field is maximum at a distance, r =+ a/J/2 anditis 2GM/3+3a?
2, Thin Circular Disc.
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3. (a) Point P inside the sphere. r < a, then
GM Mr 3G
V=-—=5(3a°-r%) gE = 5, and at the centre V= ~—— and E=0
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(b) Point P outside the sphere . r>a, then V= Y & E= wa
4, Uniform Thin Spherical Shell
. . -GM
(a) Point P Inside the shell. r<a,thenVs= T & E=0
. . -GM GM
(b) Point P outside shell. r>a,then V= — & E= Tz
VARIATION OF ACCELERATION DUE TO GRAVITY :
1 Effect of Altitud e 1-20 whenh <<R
. ect o itude gm'(Re+h)2 =g +€ ~ g "R, when .
d
2. Effect of depth g.=g 1-—
C Re
3. Effect of the surface of Earth

The equatorial radius is about 21 km longer than its polar radius.
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We know, g = R? Hence 9yee ™ Dugustior
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SATELLITE VELOCITY (OR ORBITAL VELOCITY)
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When h << R then vy, gR.

Vo= +9.8 6.4 10% =792 10* ms'=7.92km s’

Time period of Satellite T=
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Energy of a Satellite U = e K.E. = 2re ; then total energy E= 2Rem
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Kepler's Laws
Law of area :
The line joining the sun and a planet sweeps out equal areas in equal intervals of time.
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Areal velocit area swept 2 1 . tant  H 1 . tant
real v i = = = — r* — = constant . nce — r* o = constant.
eal velocity time at 5 p consta ece2 o = consta
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Law of periods : —5 = constant
R

FLUIDS, SURFACE TENSION, VISCOSITY & ELASTICITY :

Hydraulic press. p= i = E or F= A f.
a A a

Hydrostatic Paradox P,=P_ =P,
(i) Liquid placed in elevator : When elevator accelerates upward with acceleration a;, then pressure in the fluid,
at depth h may be given by,

P =phlg + ag

B
and force of buoyancy, B = m (g + ay) Iﬁh I 1 )

mg

(ii) Free surface of liquid in horizontal acceleration :
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tan 6 = % > 2
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p1  p2 = pf ag where ps and p, are pressures at points 1 & 2. Then hy hy = ?

(iii) Free surface of liquid in case of rotating cylinder.

v2 2r2
h=— =
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Equation of Continuity avq = asVvy

In general av = constant .



Bernoulli s Theorem
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2 v2 + gh = constant.

2gh
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1_A722 ,A, = area of hole A; = area of vessel.
A
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(vi) Torricellis theorem (speed of efflux) v=

restoring force

F
area of the body A

ELASTICITY & VISCOSITY : stress =

change in configuration
original configuration

Strain,

. T . AL
(i) Longitudinal strain = T

" , AV
(ii) = volume strain = vl

X
(iii) Shear Strain : tan ¢ or ¢ = 7
F/A FL
' | lastici = =
Young's modulus of elasticity Y ALL - AAL
. . 1 , 1 )
Potential Energy per unit volume = E(stress strain) = > (Y strain®)
Inter-Atomic Force-Constant k = Yr,.
Newt L f Vi it F A v F= nA Ll
ewton s Law of viscosity, x O F= mA
. 2 r*(p-o)g
StokesLaw F=6nnrw Terminal velocity = 9 T
SURFACE TENSION
) _ Total force on either of the imaginary line (F) e AW

Surface tension (T) = Length of the line (¢) T=S=—
Thus, surface tension is numerically equal to surface energy or work done per unit increase surface area.
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Inside a bubble : (p p,)= e =P

. 2T
Inside the drop : (P P) = = Py
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2T
Inside air bubble in a liquid :(p p,) = T

h = 2T cos0
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Capillary Rise



