PHYSICS FOR JEE MAINS & ADVANCED

Dynamic Classe

DCAM classes

s for Academic Mastery

EXERCISE -1

Single Choice

5.

=

This force will provide the required centripetal force

Therefore
c C 2n
2. — . = T=— (m+1)/2
mo”r ; L = o = Tor
-11
F1:F2_6(1)£1)26.67><10 —167x10°
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M
1M F, 3
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P
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4
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HINTS & SOLUTIONS

7 ge—m 8 mg 10 00N
' R+h?  49°Y" 49 ~49
Apparent weight of the rotating satellite is zero because
satellite is in free fall state.
4
oM GpgmR’ 4
8. g= R? = R? = gZEGan
g _R '
= «R => &£=— = =3
g ¢ 3R g =°¢
9. g'=g-wrcos60 =0
g =g— R cos?60 7 n
g'=0,g=wR cos?60
r=Rcos 60°
4g Co t= 2n _ / \/:
R @ g
10. By applying conservation of energy
KE, +PE =KE +PE,
1 , GMm GM,m
—mv°® — =0-
2 R 2R
lmvz _GMm 1 1
2 2
1 , GM,m GM,
—my =—— = u=
2 2R R
11. Acceleration of small body w.r.t. earth=g—(—2g) =3g
Now from second equation of motion
1 P 2H
H=—-0Cg) = |[2=
2 3g
OR
= 2mx; +m(x,) 2mH+0 2H
Xy = - -2
2m+m 2m+m 3
3 28 7 3g
12. Gravitational field inside the shell is zero. But the force

on the man due to the point mass at the centre is

~ GMm GMm
FNew - 3R2 5 Fold: Rz
Cch g _ 2GMm
ange 1 rorce = 3R2



GRAVITATION

13.

14.

15.

16.

17.

18. v

19.

20.

21.

Centre of gravity of the two particles.

_ (0)(0) + (mg)R)
0+ mg

W, X, +W,X,
W, +W,
The centre of mass of the two particle system is at

x,, - MR)+mO) R

2M 2

Xeo = =R

PEf—GMem——m R. PE*—GMem——ng
TR MR R TTor T

mgR

Increase in PE is

0 o
jdV = —Jlg.dx R _V[dv 2_!;_3‘31)(

0-V=1"a] = V7T = V752
GM

s Rz,V‘—?,

V—IgR—6>< 8§ x100=4.8x 107

I

Equilibrium position of the neutral point from mass 'm' is

(e

-Gm, V. =
.V, =

2
n Iy

—-Gm,

Vv, =

v = 2 M ) v = M M+ i)

" Jmd Vo~ Jad
= =2 M ) v, = =2 M+ Vi)

= ?(N+ Jm)’
2GM

2G2M \/ZGM
- | . V' — — 2
e R ¢ R/2 R

v, =2 (11.2 km/sec) = 22.4 km/sec

There will be no buoyant force on the moon.
(Eventually balloon bursts)

There is no atmosphere on the moon.
To escape from the earth total energy of the body should
be zero KE+PE=0

lmvz GMm =0 KEmin=
5 TR = min=

mgR,

22.

23.

Relative angular velocity when the particle are moving
in same direction is
oto, = (o+to)t=2n
2n 1
o, = —rad/sec;m =—
224 "6
When the particles are moving in the same direction
then angular velocity becomes
(0-0,) = (0,-0,)t=2n

By substituting o, and o, in equation we get

1GM M,
KE.=+—
2 r
r= 2R for the first and r = 8R for the I1™
K.E, [1 8R) 4.1
KE, 2R 1
N , _GMM, PE,
Similarly P.E.1s = ~R ' PE, =4:1

Put the t10 ()f - 2
rati
F .E

24. Atpoints A, B and C, total energy is negative.

EXERCISE -2

Part # I : Multiple Choice

1.

AV = 7Eg.dr
Because field is uniform

1 1 2
2 :_E.Z =——— A :—‘,-—4 = —
.20 = E o’ \Y 10[] 5

work done in taking a 5 kg body to height 4 m = m
(change in gravitational potential)

2
=5=-| =
HEE
Net force towards the centre = mw*(9R)="552

o = GM3 = T:E = 27x2n R
729R 0} g

when r <r, gravitational intensity is equal to 0
M,

(2

when r > 1, gravitational intensity is equal to

(9R)

when r > r,, gravitational intensity is equal to

GM, +M,)

2
r
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I
T
Il

du d
———=——(ax+6y); F =—aandF =b

E dr
Va? +b?

m

F=—ai+ bj = acceleration =

[dv =-[E.dr, [dv = —j%dr

b

v=-klogr+c at
= v,=-klogr,+¢ = c=v,+klogr,
By substituting the value ¢ from equation

I=TI;V=Y,

Yo
v=klog YRS

6. Gravitational field and the electrostatic field both are
conservation in nature

2

G
8. Tsinez—n; ; Tcos 0=mg
L
Gm (Gm)
— ——.0=tan"
tan O QZQ 5 ngzJ

10. By applying work energy theorem change in
K.E. =work done by all the forces
AKE. =W, -W_ W, >W,
therefore KE, increases due to the torque of the air

resistance its angular momentum decreases therefore
AC

11. Both field and the potential inside the shell is non zero
12. Casel

U +K =U+K,
-GMm 1 , GM m
———+—mv" =-— “—+0
R 2 R+h,
-GMm 1 2GM_R GM_ m
+—=m —=-
R 2 R* 3 R +h,
111 R
R 3R R+h, 1 2
Casell
U +K=U+K,
GMm 1 , GM m
- —+—mv- =— *—+0
R 2 R +h,
-GM,m 1 2GM GM, m
e +—m eRz_ e
R 2 R? R +h,
1 1 1
——t—=- = h =R
R 2R R +h,

354

13.

15.

16.

17.

18.

®)

19.

CaseIll

Ui+Ki:Uf+Kg
GM,m 1 4GM_R GM_ m
- +—m —=—

R 2 R? 3 R +h,

1 1 1
——t— == = h,=2R
R 3R R+h

3

F = force due for sphere + force due for cavity

_ GMm (5) GMm _mg
R® \2 2R? 2
Motion of m
m av o (gj B Gm (2m)
2r/3 "3 2m m 3 r2

Pressing force by the particle on the wall of tunnel is
and acceleration is mgsin®.

Mx y R GM

R®  2x 2R’
Pressing force is independent from 'x' thus it is constant

Pressing force = mgcosf =

= 4x* —-R*?
R

\ W

R
X is increases from 5 to R, thus acceleration increases

Due to symmetry the gravitational field at the origin is
zero. The equipotential line will take the shape of a circle
in yz plane.

Gravitational potential V = _G?M

Gravitational field at the point x from the centre of the
GMx
(RZ + X2 )3/2

GMr
RS

Gravitational field intensity F =
Inside the sphere
(F,ecr,F,ocr)

F
F

I,

= ofr, <R&r,<R
CRRY

1



GRAVITATION

20.

21.

22.

23.

24.

1.
7.

Gravitational field intensity
1
I z (Out side the sphere)

2
F_n.
F, = r12 ifr, >Randr,>R

Acceleration of the particle from the centre of the earth
is directly proportional to the distance from the centre
GMx

a= =

Particle will perform oscillatory motion.

= a=-oX

= axcx

Gravitational potential due to hemisphere at the centre
is V because distance of each mass particle from the
centre O is R. If the distance between the point and
mass is changed potential will also change

3GMm
2R

P.E. of the system is equal to U, =—

U,

i

work done = —_AU = —[Uf—Ul.] =

3 3GMm
2R

By energy conservation
K+U=K+U,

2
O_GM_m:lK[E]
2R 2 2

11GMm
8R

GMm[ll 1} 1 (RZJ 7GMm  KR?®
T |=ZK|— = —

R 8 2 2 4 8R 8
M
K = 7GR3m
v, g v, M

Total energy of mass M will become zero, it will be
escape K+U=0

lez ~Gmm2 Gm,m2 0
2 d d
1 GM2 4
Imve =My imy) = v = |25 (M, )
2 d d
Part #I1 : Assertion & Reason
A 2. A 3. A 4 A 5 C 6. C
A 8 A 9. B 10.C 11. A

EXERCISE -3

Part # I : Matrix Match Type

For (A) : L'=mv'r'= m [,/%} 2r=+2 mvr=,/g L

For (B) : Area of earth covered by satellite signal

increases.
For (C): Potential energy
‘ GMm U GMm GMm
U'=- =—and——(—>-—
2r 2 2r r

For (D): Kinetic energy

Kv_l lZ_E K|<K
meV = 2 =

2. COAM:mvr,=mvr,

Ve

(A) Atperigee 1,<r, .. v,>V (1)

(B) Distance from sun at the position of perigee
decreases (q)

GMm
(C) Potential energy at perigee U, = — ,
P
GMm
U,=- L

(D) Angular momentum remains same (p)

3. (A) Potential at A Potential at B

(B) We can not compare about gravitational field at A
and at B

(C) At C and D, gravitational field and potential
remains same

(D) As one moves from D to A, field decreases

4. (A) Kinetic energy in gravitational field increases if

the total work done by all forces is positive.

(B) Potential energy in gravitational field increases as
work done by gravitational force is negative.

(C) For mechanical energy in a gravitational field to

increase, work done by external force should be
non-zero.
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Part # I1 : Comprehension EXERCISE - 4
Subjective Type
Comprehension # 1 )
1. mg-T=ma .. 1)
_ GZMm GM T+mg'=ma .. (i1)
L 77 R ‘R, = 2T ope By adding (i) and (ii)
g+g' m(g +g) , mg'
2 2 a= ; T= —mg T
h=ar 4hR _p t_9 hR 2 2 .
GM GM
Tom[8=8)_m 1_2h
MU )T TR mg
~— [,GM, _GMh
2. Vatsurface = v2a =\/22R2h= R T_E%_mgﬁ_GMmﬁ
2 R R R®
R__R R® L.
Ifa—O,tl—v—m,buta>0, t<m 2. Flz F,, +F,, +F,
G8 G4 . (2+2v2)G
3. CoME = 0 S@Mm _1 . GMm GMm = g7+ g7 (Qeosds) = S
(2R+h) 2 R 2R
-~ - G8 G2
. GM F, = |I:24+l:21 +F21| :W+E(2COS45)
R
G F,
Comprehension # 2 B F(z " \/5) = E - \/5
1. By applying conservation of angular momentum ; ~ GMm
mv,R cos@=mv (R+h) © ! 4R?
F, = force due to whole sphere — force due to cavity
voRcosO R
V= <1l| = v,cos0>v GMm GMm TGMm E 7
R+h R+h F,= s = = S E=—
4R 18R 36R F 9
2. By applying conservation of energy 4. Total mass of earth
1 GMm 1 , GMm 4 (Rjg 4 [ jo
—mv2— ¢ —=—mv° - € =l = = 3 _2
2™ T T T T (R +h) M=3m3) prgmR g e
22 4nR®
Solving above equation h > voszl—ne M= Y (Py +7p,)
g . . ,
Alternate : As height increases gravitational force Acceleration due to gravity at earth'’s
decreases and hence the acceleration. Therefore height _ GM _ 4nGR 7
surface = R oa (Pl + Pz)
2 . 2
will be more than H = Yosin”0 . . R
2g Acceleration due to gravity at depth Efrom the
Comprehension # 3 4 (R)
1. As the distance of the star is doubled the potential G[Bn(Zj pl} 47Go.R
energy becomes half of the initial and the velocity of surface = > = 6p1
R
1 ()
the particle will become E times of its initial value 2
because K.E.=1/2 P.E. Now according to question
2. Tts kinetic energy 4nGR (p, +7p,) _ 4nGRp, - 2 7
24 6 p, 3
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GRAVITATION

For the line4y=3x+9

4dy =3dx;4dy-3dx=0 ..()

For work in the region,

dW = E.(dxi +dyj) = (37 —4]).(dxi + dvj)
= 3dx—4dy (from equation (1)) =0

Potential at centre

M TM
:z@_—zLGM__zL@GM !
r r 4 l
. ME——M
Potential energy of the system
_4GM* 2GM® _ 541GM?
! J2r !
GM _GB) G
Vlf (RZ +X2)1/2 (16+9)1/2
GM
Vo = s /A—S‘B—»
(R* +x°) U
4
G(5) G5

—_— : —_
9+27)" 6
— G — 11
work done=m[V,-V | = i 1.11x 10" Joule

Speed at surface = v (let)
MR

u=0

COME * R R~ M R

_GMm+0 _ -GMm 1 ,
2R R

B /GM _
V= R (1)
Inside the shell g=0

distance 2R 5 R3
“\oMm

speed

\Y%

No. of pairs for P.E. can be calculated by using

n(n-1)
= ﬂC2: 5 =28
where nis the no. of mass particles.
outof28 pairs :—

12 — sides of cube
12 — face diagonal
12 — body diagonal

11.

12.

13.

14.

—x—»
L M [T |e—a—>»m
GM;M

U= 5 2 for the point Mass

GmdM

du = m U:_IGMde

X Ix

l+a

U ;W_mjd_xz_w_mgn(“_a)

I L a

__ GMm GMm i
U™ "Ra+n) V" TTR
~GMm| 1 1

AU =U, - U, = R [1+n

By applying energy conservation

1 , GMm 1 2GM 1
“my? =201 T bl
2 R l+n |’ R 1+n

. . . GM 1 |2GM
(1) Orbital velocity v,= & "9\ R

= r=2R=R+h = h=R=6400km

) COME - _GMm 40— _GMm +lmv2
(i1) " 2R "R 2

/GM
= v= T:\/9R27.9184m/s

Net torque on the comet is zero then the angular

momentum is conserved.

. Let r = distance of apogee

f6GM R— .
—5R =vr .. (iv)

COAM :
COME GMm 1 (6GM)
TR 2™UsR
GMm 1 5
=— +—-mv- (11)
r 2

_ 3_R dv= 8GM
=TT MVENTER
. GM 2 GM
Orbital speedatr= 4|—— =,/ —
r 3 R

Increase in speed
_ [om [ \ﬁ /ﬁ}
VR 3 \15
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GM

16. Orbital velocity v,= 4/~
1

After impulse v, = \/Ev 0

COAM : my,1, =mv,r, ..(1)
—GMm (1 2)
COME +k | =mv,
1, 2

—GMm 1,
= + Emvz ..(i)

Iy

k

r
Solving equation (i) and (i1) r_2 ok
1

vl(H+R):§‘/G—MR
2\ 2R

3R
v, =
R+H

_GM __9R® GM 2GM_
2R (R+H)* 8R R+h

17.

Gm . GM_ .
SR ° 2R

9R’ 4R
4(R+H)" R+H

9R? —~16R? —16RH
4(R +H)

= -1=

4R* +4H* + 8RH +9R? ~16R? ~16RH =0
4H?*—8RH-3R*=0

2 2
_8Ri\/64§ +A8RT o ZR2+%R2

:Rigﬁ

18. COAM :mv, (2R)=mv,(2R) = v ,=2v,

-GMm 1 ,
+—mvy=———
2R 2

2GM
= V|, = —3R
vi

Radius of curvature at perigee = g_
1

COME:

_ 2GM

4R? 8R
P 3R B

X —_

GM 3

358

2GM
(R+H)

19. Point P, where field is zero

2a

G(16M)m

2

GMm
= =

(10a - X)2 X

= x=28a

G(16M)m GMm 1

ME : — +—=
co 2a 8a 2"

5GM
a

__GU6M)m GMm 3
8a 2a VT2

20. Loss of total energy = |TE|,  —|TE| .., = Ct

initial

GM M,

[L_LJ
2 R, R,

()

= Ct=

1 2
21. s = Eglt0

1 ;
s= Egz(to_n)z ..(if) s|a s|a

u, = gt (i)

u,tu=g, (t;/n) ..(iv)

A 4 A 4

W, t

2
After solving we get g g, = (Ej
n

mz
mW
Astronaut

satellite

22.

. GMm,
For satellite : RT

T=mwR

GMm,

For astronaut : R+r) +T =m,* (R+1)

g . .. gm —T mlsz
Dividing eqn (i) by (ii) 2 = 2
gmzR° +T

(R+ r)2

R3
(R +r)2

(ler)z } [

= gmm, {(RH)_ }—T[mlRerz (R+71)]

_.ﬂ:()]
my

m,g

R

= T=

[(R +r)—



GRAVITATION

a2

~ 3x100x10x64

6400 x1000 _CO3N
M v 2
23. vd—V:—G—Z; Ivdv =—I deh
dh (R+h)" 3, (R+h)

GM
24. gbelow surface g= R (R—x)

GM
g above surface g = m
GM(R_X)_G—M _(\/g—l
- R R+x)

25. The area on earth surface in which satellite can not

send message = 4nR? [1—cos0]

(ii) Maximum separation before collision= /2 r

(iii) Relative velocity before collision

3 5 |2GM
Ve =~ V1 TV, T ¢

GMm
27. (i)
Gp 41cR3 _|3n
R® -~ \Gp

T= -19h
(i) \/6.63><10 3000 0D

28. Average velocity of satellite P,

w Ve _ 1 [oM
P 2R 2R V2R

Average velocity of satellite Q,

W _V_Q_L ﬂ
¢ 3R 3R 3R

Least time when P and Q will be in same vertical line

21 2m 2nR3/26\/g

“ o, ©, " JoM(24zZ + 343)

29. Let x = distance of the particle from the surface

vdv _ GM
dx R?

[vdv = (1—i]d
= va J;g R X

Ve

\/v +2 (x—i)—d—x
= V= S\FTOR) T

- | 2
Rng[RH—;J

'(f dx
t=r (8 2 2
= \/R[SR ~(x-R)*]

(R-x)

Acceleration,

o'—.,-,

Letx—R= \/_Rsme dx= \/_Rcosede

oo ()
- t—&m{%
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30. (i) Necessary centripetal force = Gravitational force

GM? ~ T—4n ¢’
4y? GM

(i) COME: KE+PE=0

1 , 2GMm 4GM ( d)
= —mv ——:o:v:,/ Ar==
2 r r 2

31. Relative velocity when satellite revolving
anticlockwise

= Moe’r =

4n  2n 24
+ = _t = t=—
(0, tw)t=2n = [ 3 +24)t 2n;t 17

If it moves in same direction [43_11 - z—n) t=27
[ﬂ) t=2n = t= ﬁ: 1.6 hrs.
24 15

32. Range of throwis = 10m
2
u

=10 = =100 = u=10m/s

g
— 2GM = Ve _ Mexﬁ
VAR v, \R, M,

(SR
s, (v, )

_R.
~ 10 R,

v

e

(S = density)

wn|lwm
o
?‘

Vo

1 10
1 r=—" xR
T ax2c

10x6.4x10° .
= T lla2xd2

33. F=

Particle will perform a oscillation

with angular speed o’ = R

R} n | R
T =2mn =t ==
! GM " 2\om

If acceleration is constant g = R?

1 1 GM
S=—at R=—
2 = 2R

t2—2R3 = L= 2R L
GM *\Nem >, 22

t2

360

34. By applying conservation of linear momentum
m(v) —m(v) =2mv'; v'=0
Initially, energy of a satellite 'A" and 'B' is

GM,m GM,m
EA = — ; B = —
2R 2R
M
Total energy : E, +E; = _G Rem

After collision velocity of satellite becomes zero then
the K.E. = 0, therefore total mechanical energy becomes

_GM,2M
R
EXERCISE - 5

Part#1: AIEEE/JEE-MAIN

. GMm
2. Required KE= R - mgR

3. Energyrequired = U;— U,

_GMm  GMm __GMm( 1 1)

3R 2R R U3 2

~ GMm(_2+3] ~ GMm
R 6 / 6R

4. 0 T o R

R 3/2
T, =Tl[—2j =5h(4)"" = 40n
Rl
GM5m

5. Force on M block F= 3
144R

9R

S

12R

_F_ 5GM
47 144R°

Force on 5 m block
~ GMbm B GM5bm  GM
T 144r” T 7 144R? 5m 144R’

Relative acceleration

5GM GM 6GM GM

= + = =
87144R? " 144R?  144R? 24R?

m




13.

GM o _ . _18Rx24R’
GM

GRAVITATION

Electronic charge is independent from g, then the ratio

will be equal for 1.

14.

fGM
V, =, — vV
¢ R

{M
(X: —_—
¢ R

1
R= —X—X
? 2 24R?
2
1 5GM X18R><24R _75R
GM

s=—x
2 144R°
OR

a 12R
29

d
M(d)+5M (d+3R)
M+5M

Initial position

M(0)+5M(12R)
M+5M

F:’m_"2
(R+x)

GMm
(R +x) k

1/2
G

(R +x)2

d=7.5R

Just before collision

[
(

R+x)

GM JEEQ R?
~\ R? (R+x) B

Ve (R+x)

16. &, =

17.

R+x

_ mgR
2

I
—
o|"‘

<

oS

[
—
—
o
2

8. AU=U,-U = °R R
GMm 9
= =mo’r

9. F=——
r

11.

12.

_GMm N GMm _ GMm
- 2R

Work done=U,—U,=U=0-(-0)

10 x10?

- r
@)
—>
T

Gxm Gx4m
=7 5, = X=

XZ (I‘ — X) 3
Potential at point the gravitational field is zero between

the masses.
3Gm 3 xGx4m
a 2r

r

vV =
_9GM

2]= ;

3Gm
[1+

r
m

2 2
18. Gizz mV =V = G_m m
4R R 4R
19. PE,+KE =PE,+KE,
= -mgR+KE,=0+0
KE,=-+mgR =1000 x 10 x 6.4 x 10°

Work done =6.4 x10'°J

20. (B)
Solid sphere is of mass M, radius R.

21.
Spherical portion removed have radius
R/2, therefore its mass is M/8.

Potential at the centre of cavity =V,

_GMym, 6.67x 10 x100x10x107"

Ui
R

10x1072

_6.67x107"' x100x10x10°°

=6.67x107"°

solid sphere

removed part
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~ -GM
- 2R3

. _(RY]| 3G(M/8) —GM
RO - | =] |y —LL_ =27
2 2(R/2) R
M M
22. VO:,/% = GT:\/RQ ;
2GM
A\ R v2gR
Ve _
;;**JE
Therefore increase in orbital velocity = (\/5 - 1) N

Part # 11 : IIT-JEE ADVANCED

1. Force on satellite is always towards earth, therefore,
acceleration of satellite S is always directed towards
centre of the earth. Net torque of this gravitational force
F about centre of earth is zero. Therefore, angular
momentum (both in magnitude and direction) of S about
centre of earth is constant throughout. Since the force
F is conservative in nature, therefore mechanical energy
of satellite remains constant. Speed of S is maximum
when it is nearest to earth and minimum when it is farthest.

2. T?ocR%withR =6400 km,

T? _(’6400
24)> \36000

For spy satellite R is slightly greater than
R, = T,>T o Tg=2hr

€

3
) = T=~1.7hr

3. Figure shows a binary star system.

=/

362

The gravitational force of attraction between the stars
will provide the necessary centripetal forces. In this
case angular velocity of both stars is the same.
Therefore time period remains the same.

-3

A%
4. M M
Q L >< L ,O
Total energy of m is conserved for escape velocity
K.Ef-i— P.Ef= K.Ei + P.Ei
O+O_lmv2+2[—GMm} Lo |4GM _, |GM
=2 L 17"V TN
5. B
Subjective

1. Total energy at A= Total energy at B
(KE), +(PE),=(PE),

1 2GM |-GMm |._, (991&]2 GMm
—m X + 3R - =—
2 R 2R3 100 R+h

On solving we geth=99.5 R

8
2 4 ___=, LI

[ h} 4° R, " Re
1+—

Re
h=Re
-GMem 1 = -GM,m
R, > Mv="R,
1 GMm GM,
2mu——2Re » VAR,

S VC: \/EVO = VC: »ﬂzgRe
= Ve =2v = JNv

v=,dR,
N=2
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]

Writing the net force on system :

GMm N GMm GMm Gm
@) @’ @ W’

2m m
GM M _2M 2m
~ OF "16F 9 P
M M
2 om
~ 16 9
M-16M _
= T 144
7M
— =-2m
= 144
M
= 288
k=7

Let the minimum speed imparted to the particle of
mass m so that it just reaches surface of earth is v.
Applying conservation of energy

1 2 _Eﬂm
2™ 2R )T TR MO

GM

Solvi tv=
olving we get v R

Gravitation field at mass ‘m’ due to full solid sphere

- 1
170 4nG

Gravitational field at mass ‘m’ due to cavity (—p)

g _Pr _pR

1 380 680 h

£ _(PARI2)
2= 2
3ggR

(PR -pR @

= T=

Net gravitational field E=-E,+E,= ﬁ—iz ﬁ
1 2 680 2480 €p
mpR
Net forceon ‘m”’ > F=mEg = 8¢,
M 1 3mg
Here p= m & €p :_4TCG , then F= 8

R
3. InAAOB:- cos60 :ﬁ

oo\ o,

= OB =2R (where OB is

orbital radius)

Here gravitational force will provide the required cen-
tripetal force.

GMm ,
Hence (OB)2 =m(OB) ®
GM GM GM
=27V ©BP TV@R? T 7 |&R?
i Gi g 2n 2n
. iven 70)1+0)27E+@’

T, =24 hours for earth.

(o, + o, is the relative angular velocity for opposite
direction)

= T, =12 hours (T, being the time period of satellite, it

will remain same as the distance from the centre of
the earth remains constant).
2n 2n
Wy~ 27 _ 2n
T
relative angular velocity for same direction)

= 24 hours.(®, — o, is the

5. Centripetal force = net gravitational force

mv3 26m* 1 Gm?

TZZFCOS45 +F1:W ﬁ +F

r

Gm(2x/§+1)]1/2
4

[2\/§+1]=>(
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6. Inhorizontal direction

Gv/3mm . Gm? .
Netforcef—mdz c0s30° — 142 c0s60
T-—mmmm - L U
7
pal
° 308
(2/5"3/ Ay \\\2d
’ \
// \\
// \
Pc<—3d—><—d—9R
3m) 3m) (m)
B Gm? Gm? o
8d>  8d?
in vertical direction
G+/3m? GV3m?2 Gm?
Netforce:Wcos60°+ 342 + 42 cos30°
J3em?  J3Gm? 3Gm?
T 2442 7 32 T 82
J3Gm? [1+8+37 J/3Gm?
Y. Toa | T o2 along SQ
7. M,=c4nR’, M =c4nR}
where o is surface density.
—-GM, -GMg
Va~ Ra *'®" Rg
Vi My Ry o4nR} Ry Ry
Gi VA - R_A _E h _i
jiven Ve = Rq =4 then R,= 3 Ry

for New shell of mass M and radius R -
M=M, + M =c4nR *+c4nR >
c4nR*=c4n(R, *+R.?)
o LM Ra o4nR% +R3] R,
then — =— —/—— =

Vi TR My (R21R2)"2 64nR2
JR2 +R2

Ry,

S
3
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9.

E

Gravitational potential at ‘P’

-GM

V:—
P \/ER

Gravitational potential at 'O’

M, R
™ JBR
: Tee.om
of o
GM
YR

work energy theorem
W=AK = m[V, -V 1=1/2mv’

{%ﬂ} ' @[1;}
m | g R 2 mv? = R 5= v
. . m
Let mass per unit length of wire, A = 7

and nir=/,r= —
n

mass of element, dm = Ard0

éy

r2 (i cos @+ jsin )

Oty 3

dE _ TGMde
0

_ G |[fcos0do+ [fsinodo| _ 2G%; 20m;
L 0 r or
2Gmr - .
= =7 (along y-axis)



GRAVITATION

10. During total eclipse-
Total attraction due to sun and moon,

_GMM, GM,M,

r? r2

F

When moon goes on the opposite side of earth.
Effective force of attraction,

_ GMM, GM_M,

F
) 2GM M,
Change in force, AF=F —F =———
r
. . AF  2GM,,
Change in acceleration of earth Aa="—7—"=—">
M. rs
F,+F, GMM,
Average force on earth, F_ = 5 - 2
i
. Fav GMS
Average acceleration of earth, a_ = =7
M, I
%age change in acceleration
A 2GM r2 )M
= —a><100 = —2mx1—x100: 2(—1] T %100
a,, rs GM, ry ) Mg
11 At centre
GM GM
Ve=m—— -5
¢ a 2a
GM At int P insid ‘
= ; At any point P inside
T (ay VP —a—
V.= GM GM
P a b
p— M b
E,= b_2 {only due to outside mass M}

12. Consider a small area (shaded strip)
here E_ .= Gravitational field due to this strip
and E_,, = Gravitational field due to the rest of
spherical shell.
E,, = Gravitational field just inside the strip
E = Gravitational field just outside the strip
B =B = Eeerr =0 = Eo = Egoie

n ext

GM
E,w=E ext 2R2

out

+Esclf: = E

ext

RZ

15.

After the shaded area has been removed there is no
E sandonlyE_

acceleration of M, wrt. M,
GM,+M,) GM
- RZ  RZ

_0 .1 /2G'V'
V7100 Y= 2V R

Applying energy conservation

arc:l. = a1 t a2

GMm 1, GMm
R 2 (R+h)
,_2GM  2GM
o2
R R +h
1 26M o Lo
4 R R R+h
d__h R+h=4h = h=R/3
= 4R RR+h) e = h=
2mr 2r 2 4n2r23
r, = = — T -
2" m+2m 3 = 2 Gm
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17. Net force towards centre of earth=mg" = ——

Normal force N =mg" sin 6

Th ing force N = T9X R
us pressing force R 2x
Mg .
N= > constant and independent of x.

Hence (B)

tangential force F=ma=mg cos©
2

Q=g cosb = R Y

gx
a=-"o JR?-4x?

R
Curve is parabolic and at x = 5-a= 0. Hence (C)

18. (A) It will fall because mg is acting on it towards the
centre of planet and initial velocity is zero. It'll move
in straight line. ®)

(C) Time of fall can be found by two methods : l

I - Method : By energy conservation

1, GMm o GMm 0
2mV— . T0-TR v (
using this we get V = f(r). Now use
g & ?
a7 0Ty r v
R dr t :
——=—[dt .
Rf) o

"= radius of the planet.
In the final expression
(or in the beginning itself) R' >0  {-* R>>R'}

T
youwill get t= 42

2
GMm = m(ﬁj R
T

R2

Here

366

Note :

This method is longer. If a student gets idea of
solving the question only by this method then it is
better to leave this question because it will consume

more time.

11 Method : Kepler's Law : T2 aur> .

19.

20.

21

Assume that the satellite moves in elliptical path with
maximum and minimum distances from centre asR and R'.
. R>>R'" .. velocityat R is very small ( ~ 0). When it
reaches R' then it touches the surface of the planet. This
motion (from R to R') is almost, same as given in the
question.

2
Now  HLofpomr-R
T2 2
_RR R _ T
ERP R 2 42

Till the particle reaches the centre of planet, force on
both bodies are in direction of their respective velocities,
hence kinetic energies of both keep on increasing . After
the particle crosses the centre of planet, forces on both
are retarding in nature. Hence as the particle passes
through the centre of the planet, sum of kinetic energies
of'both the bodies is maximum. Therefore statement-1 is
True, Statement-2 is True; Statement-2 is a correct
explanation for Statement-1.

The total mechanical energy of the system after firing
the rocket will increase by 10%.

Hence (B)
Note:-0.9E >-E,

. Because the mechanical energy is negative, a decrease

in magnitude is increase in energy.

GMm
£ _
ol ___2a _T _ ,o_(6400+300)
Ecir. _GMm a a
2r
_ 6.7x10* K
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22. Maximum distance from the centre of the Earth will

23.

24.

occur when the spacecraft is at apogee thus

4
rlm:2a—h—r:2><W—67OO

_ 7.37x10*

a 9

7.37x10*
h =r -R =——"— —6400
X max 9
_ 1.61x10*
a 9

Angular momentum of particle =m(v,+v)

5 GM,
a = Z mvoa ....V0: a

Total energy of particle

GMem 1 5 GM_.m
:Em(vo+v)27 2 2 szvoz, ae
_9% GMgm GM,m _ 3GMm
8 a a a
At any distance ‘r’
1
TE= = mu2— CMeM
2 r
but angular momentum conservation
a 5GM, _ |9GMga
Mur=my~— == a = u= 4y 2
T.E. at any distance ‘r’
15 GM,a GM,m
2M4 2 T
but through conservation of total energy
-1 5 GM;a GM,m 3GM_ . m
2™4 2 T T a

on solving 3r?—8ar+5a’=0
(r—a)(3r—5a)=0
r=>5a/3
minimum distance =a
maximum distance = 5a/3

r=a,

(A) At centre of thin spherical shell V=0, E=0.

(B) At centre of solid sphere V=0, E=0.

(C) At centre of spherical cavity inside solid
sphere V=0, E=0.

(D) At centre of two point masses V = 0, E=0.

Dynamic Classes for Aca

25.

26.

27.

[26x2xMR® _ [10cm, { }
R3 R2 ....... Rg

Speed of the ball which can cross 10 m wide river is

4J10g

Let the radius of planet is ‘R’, then

V2 sin(2x 45°)

R= =10,v=

4
Mass of planet M = 3 nR? x 2p

4 2xM,

2M_R3
3R Y 3RE -

RS

Escape velocity on planet

- [iog

ZGM

JIOR, = 2R=10x6.4x10°
3
R= BX;() —4x10° =4Km.

Slope of displacement vector

_ E y displacement
M=% direction
Slope of force vector

4
mTr3
force direction
3 4
X = - =_
m Xm,= 3

i.e. force and dlsplacement directions are perpendicular.
The work done is zero

Conserving angular momentum m.(V, cos60°).

\7
Vi
Conserving energy of the system

_Gﬂ+lmv12 — _G’I\lem_i_lszZ

4R=m.V,R ;

8000
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