o

Welcome to

P: Aakash
Dswus LIVE

Gravitation

A= 3




@> Newton’s Law of Gravitation >

According to Newton's law of gravitation, “Every particle in the universe attracts
every other particle with a force whose magnitude is:

« Directly proportional to the product of their masses = F.x m;m,

Inversley proportional to the square of the distance between their centers = F,x riz

Gmym,

G : Universal Gravitational Constant




@> Properties of Gravitational Force >

« Always attractive in nature.

* Always acts as an action-reaction pair.

* |sindependent of medium.

r e Conservative force in nature.
. 1
« Obeys inverse square law lFGOC |
Gmim i
Fo— 1My
G ) « Itisa central force

NOTE: Central force is defined as the force whose magnitude depends only on distance r
from a fixed point and is always directed either away or towards that fixed point.

F = f(r)f

 Acts along the line joining the two masses.



N
After losing contact with their spacecraft, two astronauts are floating %
IN free space where there is no external gravitational force acting on
them. Which of the following event will occur eventually?

Solution :

a They will keep floating at the same distance between them.
. They will move towards each other.

C They will move away from each other.

d They will become stationary
No external gravitational force is acting on the astronauts.
The only force present is the gravitational force between themselves.

Since the gravitational force is always attractive, they will
accelerate individually, and will move towards each other.



@> Vector form of Gravitational Force> £

y
o
| B , F [ o
1 _li r Ao m, Fyy =—G :"2 - NOTE: # is the unit vector along 7.
e / A ? FZ _Fl
rEco B >
. p . 7l Iy — 7l
1 > mim;
s F=7—1 Fi, =G 2 r
0 > X
| ﬂb Universal Gravitational Constant >
ml mz . !
r « The numerical value of Universal
Q s F . Gravitational Constant (G) was
37 e determined by Cavendish
experiment in 1798.
Gmym
FG: 11142



@> Cavendish Experiment > | &

Cavendish's Torsion Balance

Torsion arises in the wire due to
gravitational attraction b/w m & M.

GmM

At Equilibrium, the magnitude of

gravitational torque and restoring torque will
be equal.

= FL =10 (tr =torsional constant)

GMm

= 42

=50

10d?
G =
MmL

[ G =6.67 X 10711N m?/kg? J




@> Properties of G > Po

GCravitational constant has the numerical value of gravitational force between
two bodies with unit mass separated by a unit distance.

G
F.= MMz _ G [Ifm; =m, =1unit, r =1 unit]

72

* |tsvalue is independent of mass, size, shape etc. of the bodies.
* |tsvalueis medium independent.

« Value of G is so small that gravitational forces are normally smaller unless one or
both masses are large.

« Dimensional formula of G: M~113T 2



Three particles 4, B and C, each of mass m, are placed on a line
with AB = BC = d. Find the net gravitational force on a fourth

particle P of same mass, placed at a distance d from the particle

B on the perpendicular bisector of the line AC.

Solution :  Gravitational force on a particle P due to 4, B and

C:
Gm? Gm?
FA:FC:ZdZ FB:dZ
o Fpet = F4c0545° + Fg + Fccos45°
Py long PB
= — = alon
net d2 \/E ( g )

NOTE: Net Gravitational force on a given particle is the vector
sum of gravitational force exerted by all individual particles
around it. This is also known as Superposition Principle.

”~ ”~ ”
m m m
A, d F, d \C
P
”
m
K /<k -&
¥ 450 l45 Fe
FB
\45° 45° /
fn - b
A, d ﬁ d \C



~

A particle of mass m is placed at a distance d from one end of a
uniform rod with length L and mass M as shown in the figure. Find the
magnitude of the gravitational force on the particle due to the rod.

Solution : Consider an elementary mass dm of length dx at a
distance x from m.

M
dm = Idx d L

~ The gravitational force on m due to dm,

dF =

x2 Lx?

® - P
Gm(dm) GmM T
= dx

GnUW dx Gnm4
== de__f_ ——

= ~=

Tl

4+ —
L —d—d CmM

A+ d)

Y



@> Gravitational Field and Field Strength >

The region surrounding the mass where other masses experience
a gravitational force is known as its gravitational field.

Force experienced by a unit mass

placed at a point in a gravitational field
gives the field strength.

* Vector quantity

\M (F lig - e Units: Newton/kg or m/s?
2 < « Dimension: [M°LT~?]
* Direction: Along the net Gravitational
force on the unit mass
_ GM :
— sl () = |E | —  Near earth’s surface the field
|,r,2| g r2

strength is 9.8 m/s?



Solution :

The gravitational field in a region is given by Eg = (2i+ 3j) N/kg. Show
that no work is done by the gravitational field when a particle is

moved on the line 3y + 2x = b.

N

Gravitational Force on a particle of mass m is,

—

F, = 2mi + 3mj

3
= Slope, m; = >

Particle moves along the line

2
= Slope, m, = —3

Condition of Orthogonality:

Hence F,& s are perpendicular

“W=F.53=0

SV A 2% = 9

mm, = —1

(0,0)

E, = (2i+3f) N/kg

3y+2x=5



@> Gravitational field on the axis of a Ring> £

. o : Gdm x
~ r\ p— —_— e
VAT~ g 99> 2
\ \\\\\ X< o
; ) dE, dEg sin 6
:Eﬁl / N
.............................. > x . GMx GM cos 6 _
dE, cos@ P Eg(x) = — S0 = > X
[ 2, r
(x% + R?)2
" > \_ /

@> Variation in g due to Earth’s Rotation >

S CMx NOTE: Gravitational field due to the ring
|E; ()| = - on its axis has the maximum magnitude

(x2 + R?)2 _ R : . 2GM
at |x| = ﬁand its value is R
Atx=0: |Eg =0
- 5 > = GMx
At |x| « R: X“+R“=R =>|Eg|=?
. 3 . > GM
At|x| »R: Xx°+R°=x*">|Ej| =—

X



Gravitational Field due to Spherical Shell > £

In AOAP, By cosine rule

R% + 1% — 72 = 2Rrcos 6

z(dz
__________________________ A ;r) =sin6dl ..(2)
. And
r? 4+ z? — R?
77 ={casa A8
Assuming uniform mass distribution,
Field at P due to the ring element:
M
= - — GMcos6
dm = AR2 X (2mRsin 8)(Rd0) E,(x) = — = 2
ag, = Mg TR
= v/
GM (cosa)(sin®)do 9 4Rr? 72
dE; = 572 .. (1)

M
=>dm = ?siné?dH



spherical shell can be found out by imagining the

GM [ _(rZ—RZ)]R+r

E, = Z
whole mass as a point mass of same mass, kept at 9 4Rr? Z R—r

I
I
I
I
I
I
I
I
I
|
GM [T*R (r* —R?) GM | R+
E, = e P o _ 274 | GM ARG = )
jr [ S 4z Eg = r : f [1 el V{14
|
I
I
I
:
centre :
I

I
n - - : - : A GM (R?=1%)|R+r
— > —
RS rr £ r? 9~ 4Rr2 ), 72 | 9~ 4rrz|” z |R-r
: GM
Note: The gravitational field due a uniform I E; = ART2 [2R — 2R]
I
I
I
|




@> Gravitational Field due to Spherical Shell > 2

Case 1: Point outside the shell (r > R)

Case 2 : Point inside the sphere (r < R)
(51 )

Case 3. Point on the sphere (r = R)

=
v
ﬁ
bl
|
|
o
3|2
>
____




N
Four identical particles of mass M are located at the corners of a %
sguare of side a. What should be their speed, if each of them
revolves under the influence of other's gravitational field in a
circular orbit circumscribing the square?

Solution :

Net force on B: Centripetal force is given by,

Mv?  Mv? 2Mv?
Fe = r . a4 g

V2

(ﬁB)net = Fga + Fpc + Fyp

As masses are distributed symmetrically
about BD, net gravitational force on B

will be only along BD But, Fe = (Fg)net

(Fg)net = Fgp + Fgsin45° + Fp. cos 45° GM

|
!

|

|

|

|

|

|

|

|

i

|

:vz 1+ ! —GM(135)
: a 2/ a
|

|

|

|

|

|

|

|

|

|

|

(Foyy = GM? +GM2<1>+GM2(1>
B/net — (\/Ea)z az \/E az \/E
GM? (1 GM
(Fg)net = —2<§+ \E) >v=116 |[—
a a

The direction of the force is towards the center
0 and it acts as a centripetal force




@> Gravitational Field on the Axis of Disc >




»

@> Field Due to a Uniform Solid Sphere >

X 1

Case 1: Point outside the sphere (r > R)

Case 2 : Point inside the sphere (r < R)

= GMr
E, = 23 a

Case 3. Point on the sphere (r = R)




N
The gravitational field, due to the ‘left over’ part of a uniform sphere %

(from which a part as shown has been ‘removed out’) at a very far off
point P, located as shown, would be (nearly)

Solution : v
Removed ]
part . Mass of the complete Removed - Mass of the complete
\ sphere =M part \ i sphere = M
P
____________________________________________ P e = =, 44000
® ?— ] ‘T’I‘ R >
R 4 R (Ep)net |
8 :
: 3 i
|« > | < >
i X ! X
Gravitational field due to _ Gravitational field due to complete sphere (Ep)s — Gravitational field due to

remaining part at point P (Ep),.: removed part (Ep)g

Mass of the removed part, M": Gravitational field at P:
M 4 o 3 M (EP)net 7 (EP)Sphere - (EP)Removed part
M = X=m|=] =—
=53 (2) 8 M _7GM
3 v Gz oM em (. R (Ep)net = 55
(Ep)net = ye R 5 = 2 8x2 XD E
(3+)



The density of a solid sphere of radius R is given by p =~

the density at the surface and r denotes the distance from the centre.
Find the gravitational field due to this sphere at a distance 2R from its

centre.

N
o

Solution :  Gravitational Field at point P

P 4-R2f dm
— ~ PoR
R dr D= r
M =] dm = 2mp,R3 —/& 2R
0 _______________
P
dm\
\
_ mGpoR -




@> Acceleration due to Gravity > £

Force of attraction on the body of

(No air resistance) mass m close to the surface of the

Earth:
m=2kg m = 0.01 kg
GMm
V 4 |F| - R?2
GMm
mg = P2
~ GM
_________________________ - 9= Rz

g does not depend on the mass of the falling object



@> Variation of g with Height & Depth >

Due to Height Due to Depth




Variation of g with r

) P

Case 1: g' inside the Earth (r < R)

R 1_g =g(R—d)=gr
I S AR R R

Case 2: g' on the Earth (r = R)




Find the ratio of the heights from the earth’s surface at which
the acceleration due to gravity is 0.99 g, and 0.64 g, respectively.
Here g, is the acceleration due to gravity at the

surface of the earth.

Solution:  Given :Ath; g, =0.99g,

To Find : Ratio of heights (%)

2

Solution :

At hy, g. =0.99g,

= h; KR,

JANS hz, gé’ = O64ge

= h, is comparable with R,

0.64g, =




@> Variation in g due to Earth’s Rotation> Ve

w
T 2 2
Acceleration due to gravity for m e - /m‘“ R cos® ¢
a place at latitude @ is, F.[mw ﬁQS@__Q_
Fg
[g’=g—a)2RC0529] R
,/ 7 °

Case 1: At poles (6 = 90°) N\ VL O 4\0 > mw*R

| ke, P,

) =

Case 2: At equator (6 = 0°)

[ g '=9—w'R ]




At what rate should the earth rotate so that the apparent g at the
equator becomes zero? What will be the length of the
day in this situation? (R = 6400 x 10° m, g = 10 ms~*)

\

voluiien : At equator, 8 = 0°

géquator =9 — w?’R =0

g
= = =
N

[ w=125%x10"3rad s~ 1 ]

§ Length of the day,

2T R
F=——"=7n"=
@ g

[ T =~ 1.4 hr ]




Equator

@> Variation in g due to Non Sphericity >

Gravitational field at poles

GM
Ip = 77
Ry

Gravitational field at the equator

GM
ge:R_§
=




@> Gravitational Potential Energy > £

The energy possessed or acquired by an object by virtue of its position in the presence of a gravitational field.

e Negative of the work done by the conservative force as the system changes from initial to final configuration is
change in Potential Energy.

Change in potential energy,

[ A= Uf — Ui = —(Wconservative forces )i—>f ]




@> Gravitational Potential Energy >

Tl = 0O
mq (leed) m,
<€ 3= v >




At the pole of the Earth, a body is imparted an initial velocity v,

directed vertically upwards. Find the height to which the body will
ascend. (Neglect air drag)

Solution : Using the principle of conservation of
mechanical energy,

KA+UA=KB+UB

1 . GMm 0 GMm
— _ = —
2 ™o T p R+h
vg—GM L U
= |p = pemp| = V0 S R2 + Rh

v§(R* + Rh) = 2GMh = v§R?* = h(2GM — Rv§)

R?v}

h = >
2GM — Rv§




@> Gravitational Potential Difference >

e GCravitational potential difference between two pointsin a
gravitational field is defined as the work done by an
external agent in moving a unit mass from the initial point
to final point.

m._._ .- - ® >0

(Work done by External) 45 ]

[ =V 2~ Mass

P



E)

Gravitational Potential >

e Change in gravitational

>

X E, & potential between
m points A and B,
\ / > UA
. v U —U
B \\/’///’ V . V A B A
- i} B~ Va4 =




@> Potential due to a Point Mass >

e GCravitational potential due to a
mass M at distance ris

‘m GM
r=r Pm [V(r) = —T]

A
i /




Solution :

S
Two bodies of masses m and 4m are placed at a distance r from %

each other. Find the gravitational potential at a point on the
line joining them where the gravitational field is zero.

Y,
Let the gravitational field be zero at the
point P located at a distance x from m. - T . x X
p ”~
_Gm _ G(4m) 7 — S -
x? (r—x)? l
< —>

2
r—Xx

1
= — =
X

r
= 0 = =
3

Gravitational potential at P is,

— Gm 4Gm_ 9Gm

ERCG




@> Relation b/w Gravitational Field & Potential > %

e If potential function in a 3D spaceisgivenas: V = f(x,vy,2)

y I v

. v Then, the gravitational field component
i Eg along x - direction: E,(x) dd
i : AR
»> > g g ax

> - - x
" along y - direction: E NN

Z A

along z - direction: E RN
AV = —E,.d7 . - Bl =5

-

If E;=E;(x)i+ E;(0)j + Ez(2)k

& d7 =dxi+dyj+ dzk

= v AV AV .
E

R R
[dV — —Eg(x)dx—Eg(y)dy—Eg(z)dz] A =9 2

VZ T'z_)
dv = f E,.d7
Vi r




@> Potential due to a Uniform Ring at an Axial Point > £

> <
J
Qn'.ll
|
|
%Q)
|
=
||
qi
=
N
N——

< > X e GMx
\/_ 2 (R? + x2)3/%"




A uniform circular ring of mass M and radius R is placed in yz plane
with centre at origin. A particle of mass m is released from rest at a

point x = 2R. Find the speed with which it will pass through the
centre of ring.

Solution :

- --> <

Applying mechanical energy
conservation,

KA+UA=K0+U0

\h.s

KO = UA - UO — m(VA — Vo) 2R

E. z
=== GM ( GM)] i
—mvt=m|—-————| ——
2 V5R I 0 A
, 2GM 1] 2R
Tee—— === z

R 5

1/2
_|2(v5-1)6m / . GM T
-~ R A7 VBR




@> Potential due to a Uniform Thin Spherical Shell >

To find potential due to the shell, we can divide the shell into multiple small ring elements.

. Rd6

In AOAP,R? + r? — z2 = 2Rr cos 0

Z
Differentiating and solving, Edz = sin6 d6

dm X (2R sin8)(RdO)

~ 4nR?

M
{dm =Esin9(d9)]

VA 24 47

P



@> Potential due to a Uniform Thin Spherical Shell >

GM

N\
i RN

<N €

Case 1: P is outside
the shell (r > R)

=3

Case 2: P is at the
surface of shell (r =R)

=3

Case 3: P is inside
the shell (r < R)

&

P



@> Potential due to a Uniform Solid Sphere >

Case 1;: Potential at an
External Point (r > R)

=3

Case 2: Potential at
the surface (r = R)

=7

Case 3: Potential at an
Internal Point (r < R)

GM




A uniform ring of mass M; and a uniform solid sphere of mass M,
are separated by a distance V/3R. Imagine that a small object of

mass m is displaced from A to B. Find the work done by the

gravitational force.

Solution :

At A:

VA = (VA)Due to Ring + (VA)Due to solid sphere

GM; GM,
VA = — -
R /3R
At B:

VB = (VB)Due to Ring + (VB)Due to solid sphere

GM, 3GM,

Ve = —
g 2R 2R

Wy, = —AU = —m(Vg — Vy)

Sy M (31
— 2 X043

m(Vg —Vy) =Up —Uy = —

Wconservative



@> Inertial and Gravitational mass >

Inertial mass: It is a measure
of an object's resistance to
acceleration when a force is
applied.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|
|
|
|
I
I
|
I
I
|
I
I

e Gravitational mass: It is determined
by the strength of the gravitational
force experienced by a body in the
gravitational field.

E,= Gravitational

, field
i strength

P e




Aphelion

@> Kepler's 15t Law : Law of Elliptical Orbits> Ve

Perihelion

| ®* Perihelion & Aphelion are the closest &
M farthest points of approach.
_____ S’a—————————-Zbi——————‘ Yy * The separation velocity is zero at these

\, l points or the entire velocity is
| | perpendicular to the line joining the

Sun & Planet.

> € >




@> Kepler's 2"d Law : Law of Areas > %

TV
= dA= 7dtsin9

dA rv p
= — = —sin
dt 2
dA rv 9 ><m
— = —sin —
dt % m
dA muvrsinf L
= — =
dt 2m 2m
Ift; =t,,A; = A
1 2411 2 dA L . A
= — = — = constan
dt 2m
[ a4 = constant]
dt
. N == tant
Radius vector joining the Sun to any planet /4 Y cons“an L
sweeps out equal areas in equal intervals of - Instantaneous angle between v and r /2 comSEant)
e = Angular

Area swept by the radius vector, REFeRblbi St LA

dA ~ Area(ASPP") isésrfsegrwvéedmains

. (dA :
Areal velocity (E) remains constant.

A; 4

_ =/dA/~ 1(r)[(vdt) sin(r — 6)] [ A(A) = 1bh]
t, t) 2 2



The earth moves around the sun in an elliptical orbit as shown in
: . OA :
the figure. The ratio o= % The ratio of the speed of the earth at B

tothatat 4 is

OA

0B~

Solution : Given:

Using the conservation of angular
momentum,

mvr = constant

— MuvpTy = MUBTR

vg 14 OA
=>——=—=

= —— = 57
vy 15 OB



@> Kepler's 3r4 Law : Harmonic Law/Law of Time Periods > Ve

/&f( . @

Law states that the square of the planet’s time period of revolution is
directly proportional to the cube of semi-major axis length of its orbit.

T2 T — Time period of revolution

a3 constanp 17 Semi-major axis length of the orbit

NOTE: This is true for a planet — satellite system as well.



The time period of a satellite of the earth is 5h. If the separation
between the earth and the satellite is increased to four times the
previous value, the new time period will become

Solution : Given: T, =5h, R, = 4R,
To find: T,
According to Kepler's third law,

T2 o R3

T,\" (R
“\1,)] T\&, ST,=8xT, =40h

3

T; R;\2 1 3/ T;=40h
= I = | —
T, R, 4

(>

10 h

80 h

40 h

20 h



@> Circular Orbits >

Since semi-major axis & semi-minor axis
are equal, the planet performs uniform
circular motion about the Sun.

Gravitational Force (F;) provides the
necessary Centripetal Force (F,).

GMm muv?
= ——=
r r

GM
~ Orbital Speed, v = |—
r

NOTE: Since M > m, we consider the Sun as an inertial frame of reference



§,> Summary >

®* Time period(T): Time taken for
completing one revolution.

211 4172
Ve 2 3
> OR |T v

® Total Energy of planet is,

U GMm
E= it 2 B 21
GMm GMm
T2 V== r ® Binding Energy for an object
INn orbit is,
g Mm B.E = |E]




<:> Variation of Energy with Dlstance>

GMm

— Kinetic Energy
U — Potential Energy
E — Total Energy




A 400 kg satellite is in a circular orbit of radius 2R; about the Earth.
How much energy is required to transfer it to a circular orbit of
radius 4R;? [Mg = 6 X 10°* kg, Ry = 6.4 X 10° m]

Solution :

Given: m = 400 kg, M = 6 X 10%* kg, R = 6.4 X 10° m

Energy required to transfer the satellite from 2Ry
to 4Rg,

E =E; — E;
= GMm GMm
N 215 21y
~ GMm GMm\ GMm
B 8R; 4R |  8Rg

6,64 x 10711 x 6 x 10%* x 400
B 8 X 6.4 x 106

E=313x10%]




Satellites >

® For a satellite orbiting very close
to Earth (r = R).

: ’GM
Orbital speed, v= |—=79km/s
r

: : 2TR
Time period, T = — =~ 84.6 minutes

Total energy, E~——



&)

Geostationary Satellites >

T =24 hr

® For Geostationary satellites,

(wsatellite)revolution S (wearth)rotation

Geostationary radius, r~42x10* km

Geostationary . . GM
Orbit Orbital velocity, | = [— ~3.1km/s
T



Polar Satellites >

Polar Orbit

® Orbits of these satellites are
perpendicular to equator.

® Time period = 2to 3 hr.

® Height = 200 to 1,000 km.



@> Weightlessness >

It is the complete or near-complete absence of the sensation of
weight. (free-fall)

Bodies inside satellite experience weightlessness since the satellite has
an acceleration towards the Centre of the earth, which is exactly equal

to the gravitational acceleration at that point.




. . . A
The mean radius of earth is R . Its angular speed about its own %
axis is w and the acceleration due to gravity at earth’s surface is g.

Find the radius of the orbit of a geostationary satellite as a
function of w, g & R.

y
Solution:  Centripetal force = Gravitational force o
S
m(rw)?> GMm N % N
=— (v=10) R 7 At
r « M - >‘;€-‘€
o Xaaaeh 0 === "F m




[_5‘,> Escape Speed >

® Escape speed is the minimum speed required by a body to be
projected with to overcome the gravitational pull of the earth.

1 2 4 GMm 1 . GMm T
_ S _— %
2 M R 2 MY R+h N




\
A satellite is revolving in a circular orbit at a height h from the %
Earth’s surface (radius of earth R, h << R). The minimum
INncrease in its orbital velocity required, so that the satellite could

escape from the Earth's gravitational field, is close to (Neglect
the effect of atmosphere)

4
Solution : Extra velocity required to escape the gravitational field,
Av = Vescape — Vorbital
_|2GM GM
| R R
GM
~VER-JgR  (v9=%) N y T

Av = JgR(VZ — 1) JIR(V2 - 1)



@> Trajectories for Different Launching Speeds >

Case 1. If v = 0, then path is a straight
line joining AO.

Case 2. If 0 < v < vy, then path is
ellipse.

Case 3. If v = vy, then path is a
circle with 0 as centre.

Case 4. If vy, < v < v,, then path is
ellipse.

Case 5. If v = v,, then path is
parabola.

Case 6. If v > v, then path is
hyperbola.

P



The minimum and maximum distance of a satellite from the center of the earth are %
2R and 4R, respectively, where R is the radius of earth and M is the mass of the earth.
Find

a) Minimum & Maximum Speed.

b) Radius of curvature at the point of minimum distance of separation.

Solution :

Lp:LA

= MVUpTp = MVUyTy

|

|

|

|

\ /N :

— UP(ZR) = UA(4R) \ M l |

|

= Vp = 2V . (1 |

P A (1) Vp =20, . (1) |

a) |

GM |

K+ Uy =Kp+Up vj:vlg_ﬁ """ ON

|

|

1, GMm 1 , GMm |
— —— ER——

24T TR 2P T R h = Avf— e |

2R

v: v:i GM :

S |

2 2 4R GM L [GM | |

Vp= |—=%, Vp=2 |—
GM AT er P | 6R )

2R



Solution :

A particle is projected vertically upwards from the surface of the

Earth(radius R,) with a speed equal to one fourth of escape

speed(v,).What is the maximum height attained by it above the

surface of the Earth?

From the principle of conservation of mechanical
energy,

KA+UA=KB+UB

L op GMm 1, GMm
= — — = — e —

pMaTTp =™ R

1 1 (26M\ _GMm _GMm 1 1
> — o = — . = — = —

7R R, R AT 3% T3

R =20k
=>R=—

T

h=R-R = Re

= ~ 15

—R
15°°°

None of these



There is a crater of depth % on the surface of the moon (radius R). A projectile is
fired vertically upward from the crater with velocity, which is equal to the escape

~N

velocity v from the surface of the moon. Find the maximum height attained by the

projectile.

Y

Solution :
The projectile is fired from A with velocity v equal to escape velocity on surface of moon

R 2GM
Vg =V = R

From the Conservation of mechanical Energy,
KA + UA = KB —+ UB

1 2 1 2
= Eva — Em(O) = m(VB — VA)

Considering moon to be a uniform solid sphere

2 fsz
GM R s
———(1.5R2 = 0.5(R ——— C vy = V=
R3< g 05( 100) )] i

1 1 +3 1 /99)\°
> — = — —
R R+h 2R 2R\100

10000
R—=h 2R><10000_9801 100.5R

vi 26M  GM




Distance between the centers of two stars is 10a. The masses of these stars are M and
16M and their radii a and 2a, respectively. A body of mass m is fired straight from the

surface of the larger star towards the smaller star. What should be its minimum initial
speed to reach the surface of the smaller star? Obtain the expression in terms of G, M

and a.

J

Solution : Body will reach the smaller sphere
when it crosses point P.

GM  G(16M)
x2  (10a — x)?

10a

xX=2a >r,=2a ,7m, =8a
From the principle of conservation of mechanical energy,

2
E MVnin

G(M)m G(16M)m = G(M)m G(16M)m
- 8a 2a ]_+[_2a_ 8a]

3V5 |GM

Umin = 2

a




A system of binary stars of masses m, and myz are moving in
concentric circular orbits of radii r, and 1z respectively. If T, and Tp

are their time periods respectively then,

/
Solution:  When both are stars are farthest from each other, the e .
gravitational force on one star due to the other is equal to
centripetal force. A NN
/ / \
/I l/ \\ \\
| T,
F, = F; = mrw? - § A '
\ ‘ C / ,
\\\ my \\ // mB/f
\ \\ /// //
GmAmB _ mATA4T[2 _ mBTB4T[2 \\ SRR e //
Gkl T T
The displacement for center of mass C for the ¢ — center of mass
system of stars will be zero
MyTy = MpTp 3
(a) L (_A) (b Ti>Ty(ifma>15)
:f/.- \‘
\ C_,_/f-.: TA > TB (lf my > mB) TA = TB



