| Solutions Slot - 1 (Physics) |

GRAVITATION

[ EXERCISE - | I

SINGLE CORRECT

g _ GM,
1. 4~ (R_rhy

GM?  GM,
4R> ~ (R_+hy

R,+h =2R,
R =h

2. From E.C.

Gmm 1 1
le'i'zlef +§m2V§

fromM.C. m,v, -m,v,=0

2
Gm.m 1 > 1 m.v
Now, é 2 =5my+sm, —

2Gm;

Vi= \d(m, +m,)
2Gm?

V2= \d (m, +m,)

Relative velocity of approach = v, + v,

0=-

2G (m, +m,)
VvV = [
d
3. According to given condition
d
p-om a1
2 2
o° R, —d
g
GM, GM,
4, g = ReZ (5 Re)Z

GMm
F.= "3r?
2 GM
Change = 3 R_zm
, G2M,) g oF,
9= 2Ry 2

l 2M
= - = 3
T=2n ‘/g 2

l
i i = {— =22
New time period T'= 2n 9/2

THEORY
G-w’R=g/2
R =g/2
2
v —
R ~ g/2
2vZ =gR
V., = 420R
v, =.422v?)
=2V
Gg TRp . ngRgp
nOTTR R TR
R,=2R,
= 9,=20,
V. = y29R

(Ves)A = \/ZQARA = 2\/295RB

(V.)s = V29:R;

iTcRe3 p i7:(5 R.)p'
3 _3 v
R’ (5R.)? £ -2
Ve
p=5p°
10. v_= 4J2g9R =,/2G—M
e R
GMm
5 F, = R2 from E.C.
GMm _ -3GMm , 1__ >
R ~ 2R +t2M
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| Solutions Slot - 1 (Physics)

GM _1., A u, =V,
2R 2 u,=-v,
VE
V=2 o+8—m(—v2 ') 4
VI — 2 =
1 =—(v,+V,)
11. VP: - T(—Ve)
v = v, +V,
asR | QTM T but due to -ve it decreases. : 18m
. _ Gm8m
Initial K.E. = 3R
GMmx
2. F="%s final K.E. = %mvf +%8mv§
[R 116 2,1 2 1
T=2n M =2m81(v1+v2) +28m(v2+v1) 18y’
T =84.6 min
= %(v1 +v,)?
time to each otherend t = % = 42.3min
GM =2 G’
13. 9= 12 3 R
15. After collision r is max. separation
from M.C.
8mv’, + mv’, = 9mv
V. +V
14, Sm[ 11+8 2}- m[g(vl + vz)} — 9mv
4 ps_ 4 3 _
p§7tR m p§(2R)—8m V=0
8m
from E.C = @ from E.C.
( :) -G8m? 1 . 1 5, 2Gm®> G8m’
O+O__Gm8m ; +58mv +5mv “3 R ®R
3R —y =
! 2 =r=4R
+ %mvf +%8mv§ ....... (1)
from M.C 2GM*
mv, = 8mv, 16. In (a) & (b) / 2
v,=8v, (2)
Put value from eq. (2) to eq. (1) AGM?
Gsm® 1 2 1o In (¢) & (d) a?
3—R = Em64V2 +§8m2
v2 = 2G_m v (Move tangentially)
27 27R
,  64x2Gm 17
= V1TTOoR '
After collision
@ 2n _ 2n _ 2mnx24xhr.
18. T w0, 20 2x2m
2 T=12hr
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19.

20.

21.

22.

23.

24,

25.

(a) cavity at center, field is zero
(b) Arcofellipse

(c) forescapeT.E.=0

(d) Notes.

-GM,m
R ~ “initial
_ -GM.m
Efinal T 2x2R

GM,m GM/m
+

e

R 4R

difference = -

-3
—4ng

Gmm,

E =+
K.E 2r

from Kepler’s second law arial velocity = const.

C) B
() @)—>v,

‘/%W
SMy, = - My, + 4Mv,

3v,
2 1
3 |GM,
vV, ==
2 r
GM_4m 1 9 GM,
TE. = ——————+=4m| —
r 2 4 r
TE.>0
T2 o< r3

27.

28.

29.

30.

31.

A_L
T 2m
_ 2mA
L= T

t, > t, between area is ACB is greater than
ADB.

Both D & C between
Total energy is always -ve

/GMe
dA_m R .R

dt ~ 2m

dA

gt =R

PE =- Gm,m,

T r
— GmlmZ

TE. = o
— GmlmZ

K.E. = o

F= Gn:%m2
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| Solutions Slot - 1 (Physics) |

[ Exercise -1 |

MULTIPLE CHOICE QUESTIONS ]

Earth (o=¥ rTTTol
-GM
%M )T r
8. A \©
1. —-GMr
B (B) Both direction and Magnitude not
change
(C) Total Mechanical is constant
(D) Linear momentum changes becoz v
change as r changes but rv = constant
2 ml _— F L’mz
GM
a =L a =L 9. V=,’ e (Max.)
1 m1 2 m2 R
m,<m,=a,>a, TPor® rd TI
_ —GMm
M T.E. = R
3.
27 3/2
10. T = [GM r
GM,
g R2 andT  atr =R
4,
2nR3/2 ox [R
= Tmm = R 2 N E
sing = _R_ o
R +h
Area covered = R22n (1 - cos(90-6))
= 27R? (1 - sing®)
Area escaped = 4nR? — 2nR? (1 - sin®)
= 271R? (1 + sing)
5. Radius decreases = Velocity increases
due to which K.E. increases
/GM
mv.r = m, = .r= ar
T? < r?
6. Theory
7. SMm o _pp
r
— GMe
“Nor
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Exercise - 11|

SUBJECTIVE PROBLEMS

]

2 2 2 P.E.
TE=—Gm ~2Gm~  3Gm 5. lT'E'llel
a a a
2
= TE. = @ TE.. .= -1x10°]
TE. . =-2x 10°]
. _ —6Gm’ So given energy = 1 x 105 ]
final = ————
2a
-6Gm? 6Gm? 3Gm? G ¢ JRd6
W.D. = + = _ 2
a >a 3 6. E= 3 ijdecose ’,
m dm = 2.dx E= %[ZSinoc] '
'n—X—ndX 2L
. Gm _ GRQuM _ _
[l Potential = R = R = - G\2a
2L
3L
GmAdx P
dF = _L[ 2 7. _@7
_ 1_1 ~GM
F=Gmi L 3L P= Pa
_ Gm’ _ -GM
F="3 Ve a
1 > GMm 1
-GM_.m 1 ~GM_m 2™ T 1_3
(i) —==—+=mv? = e
R 2 9R
4 |GM
=2 &% h
3 R g 2 = g|:1 - Re:|
8. 1+L
GM.m 1_ , -GM.m 1 _ , Re
(i) +-—mv- = +=—mvj;
R 5R 2
v = 2 |2GM GM,m GM.m  GM.m
9. - - - -
' 3V5 R 2r 2r r
Wheq sense of 'ratation of both earth and By M.C. @ v v @
satellite is opposite
final velocity = 0
2n _ 21 oM 2
T, = Oy 21,271 TE= —=
24 1.5 r
When sense of ralation of both earth and Straight line.
satellite is same.
2n 10. ——G;/Iem + %m(kzvez) = —_sMe:]
T,= 2n_21n e (Re+ )
24 1.5
11. _Gzl\;lm = TEa
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12.

13.

_gzlm = T'E'final
_GMm(1 1
Ct=""5"(Re r
m m
m m
m m
m m

2
Gm M

y_-8[36m* 36m?
o 2L

2
m
m m
<2 >

L leenm=?

- Gp, &nR3
= 3
9= 2
X

2 2 2
U=g =-G6m_ _Gm~_ Gm’ _3GMm

1 a a R 15. é ~Gpogﬂ%3
2Rcos 30° = a 9="x-R/2¢

= _3RGm{%+M}

_nGpR| 1 8
gnet - 6 (X B %)2 X2
Gm?
a2 GMm
R2
Gm?
(i)
mv?
R

GMm V3Gm® _ mv’
R? 3R? R

GMm V3Gm® _ mv®
R? 3R? R

<
Il
el
T/
I3
+
=

4 - 4 R® -

g = —G§7tR3p0r1 G§7t§por2
net 3 + 3
R R

4Gp,m| > 2| -2 -

= T0|:r2— r1:| = ?TCGPOR|

Motion—
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~
d D)
16. \\ /
U
GM,
Vv =
r
max™distance = r,/2
GMe
Vrelative = \/i r
R
r
17.
-GMm _ -GMm | 1 2
= +=mv
2R R 2
v [GM
~ VR
Time = R
\%
3
=2x R
GM
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I
[ Exercise —1v | TOUGH SUBJECTIVE PROBLEMS ]
4 In a cavity gravitational field
vGM VGM 4
1 oy = sz 5 W2 T 372 a _ pr(4mr)
(2R) (3R) 3
with respect to one time taken
47pRG
r=R/2 = a=
6
41pRG \R
from 2—u2=2as = vE = 2(‘)7)5 =
2
V= 1/—nG R?
3 [
da_ R
f__2n \__ 2nR¥(66) 5 g ~Ofora, =x=7
o, +0, —  JGM(2V2 +3V3)
= aMR _ 2GM
2 - 3/2 — 3/2Q2
2 Attraction force F, = \/§(3R2] (3)°°R
2
GMm Gm? mv? N
—+ =
r? 4r2 r
R GMx
a= (Rz +X2)3/2
mv2/r < N
m, X
m , _ 4n*Gr®p
M = (Tl',l’ )(27tl’)p = (3)3/2 R
Now F=ma
3/2
G _y2 T= ﬂ = L
Z[4M+m]—v Now v G(4M+m) ,
u
6 R,=4="45 =u=,4g
A)dx.m
dF =G| —
3 (X] x? According to problem \/4_9 =29,R,
PR 4g=29 R
. [
GM
" G'\ge (2)= 2p 'Rp
X R¢ R,
" dx 177 Gm 4 4
F=Gm\ | = F=—GmM — | =-— — 7R3 |p(2 —nR® |(2p)R
X_[d XS = |:X2:|d 2d2 (3 e p( ) 3 p ( p) p
RE RE
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R, =yR, = R, =v6.4Km

7 w.r toCOM of ship & pad

V.= V,/3
m
¢ 2m
(2/3 + 1)vq
Vo(1 —1/3) = 2/3v,
K +U=K+U

2
l(2m) Evo L | ZCGMEm) =l(2m)v2+ = GM(2m)
23 3R, 2 R

(1)

GM(m,) (2m)v2 GM [GM
2 = = V0 = |[— =
R2 R, R, V3R,

(2)
from (1) & (2)

v |40 |GM
27\ R,

2/3v,

cos0 =

1 3
ﬁ &sinG:ﬁ Ans.

: +—mv (1)
2 R+h 2

3 Gm
Vo =4|=—
2 R
(given)
conserved about centre of earth
~ mRy,sin60°=m(R +h)v .(3)

Solving these (3) equations

J7
Weget V=i£vo &h:R[1+?

R+h 2
Ans. (i)
v? R? 3GM _ (R+h)?
Rc=— = 7 X—X X
a, (R+h)* 4 2 R GM
9
Rc==R
° 8
Rcz1.13R Ans.
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[ Exercise-v | JEE QUESTIONS ]
21 _ 2% e _ge5g , or (R)? 5 Gravitational force is conservative so work done only
1 /G Ms - ays, T'= JGMs o depends on position not a path taken
fter dividing 2> =(2)"?, T'=129.4d
after dividing — T = ays 6 from E.C.
GMm 99 1 2GM
o a ki oL 6 LGS
| GM_ 16GM 2R’ { 100 }{ 2)"R =
2 pointAwhereF  =0= "z (10a— x)?
X = 2a _%
- H
X A B
@—ﬂ 2a after solving H=100.5R
a
€ 1051 X mmmmmmmm——.
So E/C between point A & B
_16GMm 1 . GMm _-GMm 16GMm H
2a 2 8a 2a 8a ﬂ 0
1, 45GMm 3 |5GM
2 8 a 2V a
=+J2GM/R
A B
a Height from the surface H=H—-R
i€ 10a A H =99.5R
7 Intheory T, =T,
3 |PE.|=2|TE.| = 2E,
8 forr<R
4 T+mg,, =ma (R +64)
[REE 98] GMr _ mv*
T=mae?(R+64)-mg,, R r
GM mGM 2h
T Glg/lzm N 64§L\/Im _mg + 2mg(64) Vocr
V*&
© GM mv? 1
forrsR=> —= o< —
r r r
9 Astronaut feel weight lessness when only gravitational
field is act
1 = M M
L _64mg _128mg 0 W(4R)2 —n(3R)?  77R°
R R dm = ¢ 2nrdr
- %:&dO’ZN J- ~ Gdm(1) _]B 2nGordr
8 R (16R? +r2)/2 = J(16R? +r?)"2
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GMM 2 .
I 13 2 = - Tt :>GMe=V2
P r r r

Object escape when its P.E equal to its K.E.

GMem,
>KE = ——

K.E. = mv2 = mv?

14, B,D
R
Q
— P
after solvingU_= —2GM(4—\/§5)
P 7R
work done by external agent=U_— Up
2GM(4+/2 - 5)
R Mp=M  Mg=28M Mg = OM
Radius of R will be slightly larger than 2r,
11 LzmAvArA+vaBrB ) MAV Al 1 =%+1=6 o
Lg MgVgls MgVgls m, V=,20R = R R
12 o GM, J6 GM, M.R2 6 o Hence Vp > Vo >V,
iven =77 = =77
RZ 11 R2 M,RZ 11 N V, 1
SO 5.
Vo 2
2
pp - gpe
M 2 Me MRS 2
4/37RS 34/37R:= MR 3 ()
2GM R-M
2GMe=11_ v 11 _ [ReMe
R, ’ R, Vo RM,
.(3)
from (1), (2), (3) V,, =3 km/sec
394 - Rajeev Gandhi Nagar Kota, Ph. No. 0744-2209671,93141-87482, 93527-21564 M 0T<i> 0 N wee
IVRS No. 0744-2439051, 0744-2439052, 0744-2439053 www.motioniitjee.com, email-hr.motioniitjee @ gmail.com Nurturing potential through education




