SOLUTIONS TO CONCEPTS
CHAPTER 11

Gravitational force of attraction,
GMm

r2

_ 6.67x107""x10x10
(0.1

F=

=6.67 x 107 N

To calculate the gravitational force on ‘m’ at unline due to other mouse.

— _ Gxmx4m _ 8Gm?

F = =
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Resultant For = \/64((5”” J +36(Gm J -10G < j
a a

Gm? Gm

Resultant FOE = \/64(

The net resultant force will be,

\/[Gm ] (120405 = J(szfmzo 89.6)
a a

2 2
Sm” 204 = 44287
a a

a) if ‘m’ is placed at mid point of a side
2

then a = 4G2n in OA direction
a
. 2
Fog = 4G_r2n in OB direction
a

Since equal & opposite cancel each other

. 2
F Gm _ 4Gm?

* R e

Net gravitational force on m =

in OC direction

4Gm?

a2

b) If placed at O (centroid)
Gm® _ 3Gm’

the Fop = @/n) 2
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—  3Gm?
Fos = 2
a
_ s3em?)’ (36m2) 1 _ 3Gm?
Resultant F= _|2 > -2 5 x_ = >
a a 2 a

. 2
Since Foe = 3Gm equal & opposite to F, cancel

7
a
Net gravitational force = 0
. 2 . Gm? . -
Fos = 2™ 05601~ ™ sin60j
4a 4a M
= 2 N 2 H 9
For = 2™ 605601~ S™_sin60] GAV

—4a 4a “

_ —26m? -26Gm® ry; _ r,Gm?
4a?

sin60j = 1l 2 a2

Force on M at C due to gravitational attraction.
e SR O

£~ Gm-
o8 ™ re ! AN\ B
— _ _GM?2: C)
Fepn = i
cb 4R2 < R
—GM? GM? DN_“cC

So, resultant force on C,

GM? 1) GM? .
= | 2+—=|i+—| 2
4R2( \/EJ 4R? %j§ﬂ>
2
M ov2 +1)

“Fo=
©7 4R?

?3
I = ——CO0S 45’:4’ sin 45“
CA 1R2 J 4R2 J !Q

~ 2
For moving along the circle, F = mv_

GM? MV/2 /GM 242 +1
or 242 +1) = orV= |—
4R?2 ( i ) R R [ 4

GM _ 6.67x107""'x7.4x10%2 _  49.358x10"

R+h) (1740 +1000)2x10° 2740 x2740x10°

_ 49.358x10""
0.75x10"

The linear momentum of 2 bodies is 0 initially. Since gravitational force is internal, final momentum is

also zero.

So (10 kg)vq = (20 kg) v,

OrV1=V2 (1)

Since P.E. is conserved

-1
Initial P.E. = _6'67“01 x10x20 _ 433410y

When separation is 0.5 m,

=65.8 x 107 = 0.65 m/s?
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10.

1.

_ -9

—13.34x10°+0= % +(1/2) x 10 vi? + (1/2) x 20 vo°  ...(2)

—13.34 x 107°=-26.68 x10° + 5 v, + 10 v,°

—13.34 x 107° = -26.68 x107° + 30 v,°

9
o= 183300 g 4440710
30

= v, =2.1x107° m/s.
So, vi =4.2 x 10 m/s.
In the semicircle, we can consider, a small element of d, then R d6 = (M/L) R d6 = dM.

GMRdoOm

F=

LR?
dFs = 2 dF since = 2MM g g o,

" 2GM 2GMm
~F= 'f M sin0do = [~ cos 652

LR

=_p GMm (1) = 2GMm _ 2GMm _ 27GMm
- LR LR LxL/A L2
A small section of rod is considered at X’ distance mass of t nt = (M/L). dx =dm

_ G(dm)x1 _ (r >
dE; = =dE

" id2+x i 2 < )

Resultant dE = 2 dE; sin 6 3 . 7 5

G(dm) d _ 2xGMxd dx dE; dE

=2 x

Total gravitational field

L/2 Q
E=J' 2Gmddx 0 I |

(d2+x2)xJ(d2+X2) B L(d2+X2I %

O
d
<——-<T>| Xl

(d2 +x? x
Integrating the above equatiop-it can be found that,

E= 2GM
dyL? + 4d?
The gravitational force on ‘m’ due to the shell of M, is 0.

M is at a distance m

m2
2 f
Then the gravitational force due to M is given by '

GMm _  4GMym
(Ri+Rz2  (R{+R,)
Man of earth M = (4/3) nR%p

Man of the imaginary sphere, having
Radius = x, M’ = (4/3)nx3p

M x3
or — = —
M RS
.. Gravitational force on F = GMzm
m

GMx>m _ GMmx

orF = RoxZ = R
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12.

13.

14.

15.

16.

Let d be the distance from centre of earth to man ‘m’ then

2
D= xz{RT] = (1/2) Vax? +R? A

M be the mass of the earth, M’ the mass of the sphere of radius d/2. '
Then M = (4/3) nR%p
M’ = (4/3)nd> ©

MV _ d3
or — = —
M R®
.. Gravitational force is m,
F= Gm'm _ Gd*Mm _ GMmd

d? R3d? R3
So, Normal force exerted by the wall = F cos6.
_ GMmd R _ GMm
TR 24 R
a) m' is placed at a distance x from ‘O’.
If r<x, 2r, Let's consider a thin shell of man

_ m 4 5 _ mx?®
m= —2X—TEX - —3
(4/3)rc 3 r
3
e O
Thus J.dm = CJ o
0

Gmdm Gmx I3

(therefore | think normal force does not depend on x)

Then gravitational force F = 2 = _ .; A
b) 2r < x < 2R, then F is due to only the sph(~
_ Gmm’

. 9
c) if x > 2R, then Gravitational for, @ to both sphere & shell, then due to shell,
GMm’

(X_R) Gmm’g

due to the sphere = ———
P ey

Gmm’ + GMm’
(x=rf  (x-RJ

At P4, Gravitational field due to sphere M = _GM __ GM

(3a+af " 16a’
At P,, Gravitational field is due to sphere & shell, 49

___GM _ cM™m GM[ +1j [ jGM P a
(a+4a+a)® (4a+a)? 36 25 900 P, a

We know in the thin spherical shell of uniform density has gravitational field at its internal point is zero.

At A and B point, field is equal and opposite and cancel each other so Net field is

F=

So, Resultant force =

Hence, Ep = Eg

P =
Let 0.1 kg man is x m from 2kg mass and (2 — x) m from 4 kg mass. v

. 2x01 _ 4x0.1
X2 (2-x)?
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17.

18.

19.

20.

21.

or B =R 0.4

x2 (2-x)?
ori2= 2 2or(2—x)2=2x2

X (2-x)
or2—x=+2xor X(rp+1)=2
orx= _2 . 0.83 m from 2kg mass.

2.414 m
Initially, the ride of A is a
To increase it to 2a, a a
_Gm? Gm? _ 3Gm?
work done = + =
2a a 2a m a m 100g

Work done against gravitational force to take away the particle from sphere,
_ Gx10x0.1 _ 6.67x107""x1
0.1x0.1 1x107"

E =(5N/kg) i + (12 N/kg)
a)F=Em

=2kg [(5N/kg) i + (12 N/kg) j1=(10N) i + (12N) j @
F|= v100+576 =26N O

At (12m, 0), V =— (60 J/kg)i ]\7] =60J

At(0,5m), V =— (60 J/kg)] ]\7] =-60J Qy~
5

=6.67x107°Y

10kg

)
<l
1]
mi
-

(12,5)

AV = [Emdr = [[(10N)i+(2,

(0,0)
=—(120Ji +120J ?)=240&
d) A v =—[(1ONi + 24N])E)'2%

=-120 j +120 i =0

a)V =(20 N/kg) (x +y)

GM _ MLT?  MTLTM  MLPT
R M L M

orM° L T2=M"L2T?

~ LHS=RHS

b) E, — 20(N/kg)i — 20(N/kg) j

xy) =
c) F=Em

= 0.5kg [~ (20 N/kg) i — (20 N/kg)j =— 10N i - 10N j

- |F|=+100+100 =102 N

E =2i +3]

The field is represented as

tan 6, = 3/2

Again the line 3y + 2x = 5 can be represented as o/ &
tan 6, =—2/3
m; my =—1
Since, the direction of field and the displacement are perpendicular, is done by the particle on the line.

3j
6,
52 % 2]

11.5
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22.

23.

24,

25.

26.

27.

28.

Let the height be h
(172 G';/I GM 5
R (R+h)
Or2R*= (R + h)?
Ory2R=R+h
Orh=(r,—1)R
Let g’ be the acceleration due to gravity on mount everest.

2
g=gd R

9.8[1-_178%6 | _ 98 (1-0.00276) = 9.773 m/s?
6400000

Let g’ be the acceleration due to gravity in mine.

Theng'=g [1 —EJ

R

=938 [1—&3] =9.8 x 0.9999 = 9.799 m/s’
6400x10
Let g’ be the acceleration due to gravity at equation & that of p(@
g=g- o’ R
=9.81 - (7.3 x 10°)? x 6400 x 10° O

=9.81-0.034 C)
=9.776 m/s?

mg’ =1 kg x 9.776 m/s’

=9.776 N or 0.997 kg

The body will weigh 0.997 kg at equator Q~E

At equator,g' =g—o R
Let at ‘h’ height above the south poI eleratlon due to gravity is same.

Then, here g’ = g( 2h ,&
o[ O
“a-o'R=g [1-2]

2
or1-2°78 R - 1—&
g R
22 -5 3
orh=2 R™ . (7'3X10 )ZX(6400X10 )2 = 11125 N = 10Km (approximately)
2g 2x9.81

The apparent ‘g’ at equator becomes zero.
ie.g=g-0’R=0

org—sz
orw—\/7 / 9.8 = = V1.5x107° =1.2x 107 rad/s.
6400 x 10
T=__&143_ 1.5 x 10 sec. = 1.41 hour
®  1.2x10"

a) Speed of the ship due to rotation of earth v = ®R
b)To=mgr=mg—mm2R

S To—mg = mo’ R

c) If the ship shifts at speed ‘v’

T=mg- mo,”’ R
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29.

30.

31.

32.

RZ

_ (vz +@?R? —2mRv]
= TQ — m

- (toenF

R

L T=To+20vm
According to Kepler’s laws of planetary motion,

T?aR®

Tez Re53

Ros | _ [188]2

Res 1

- Rins = ('].88)2/3 =152

Res

3
T= 271: r_
GM
5
27.322)( 3'14 3.84)(1?1 @
667)(10_ XM
: CJ
or2.73x273= 2><3-14><(3.8141><10 )3
6.67x107""xM

2 3 15
or M= 2X(3.14) x(i’;1.184) ><120 602x1 ?
3.335x107''(27.3)
.. mass of earth is found to be 6.02 x 1

T=2n ,[—
GM

= 27540=2x3.14

i -1
6
or (27540)° = (6.28)° 9.4x10

6.67x107"" xM
(6.28)% x (9. 4)3x1018
6.67x107"1 x (27540)?

)V = /GM /2
+h

Jg 8x 6400><103)2
10° x (6.4 +2)

b) K.E. = (1/2) mV?

= (1/2) 1000 x (47.6 x 10°) = 2.38 x 10" J

orM= =6.5x 102 kg.

=6.9 x 10° m/s = 6.9 km/s

C) PE. = GNI—m
—(R+h)
—11 24 3 13
_ 6.67x10""x6x10 210 010" oy
(6400 +2000)x 10 8400
3
ayT= 2K 2X3'14X8402X10 =76.6 x 10° sec = 2.1 hour
Vv 6.9x10

11.7
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33. Angular speed f earth & the satellite will be same

2n _ 2n
Te TS
3
P T or 1213600 = 3.14 | (RN
24 x 3600 (R+h)? gR
2n >
gR
o (R+h)® _ (12x3600)° o (6400 +h)° x10° _ (12x3600)
gR? (3.14)? 9.8 x(6400)% x10° (3.14)?
3 9
or (6400+h) ><91O - 432 x 10°
6272x10

or (6400 + h)® = 6272 x 432 x 10*

or 6400 + h = (6272 x 432 x 104"

or h = (6272 x 432 x 10%)"® - 6400

=42300 cm.

b) Time taken from north pole to equator = (1/2) t

3 6
= (1/2) x 6.28 (43200+6;100) _ =314 497 ><1(1)1
10 x(6400)“ %10 ) x10
497 x 497 x 497

=3.14 — =6 hour.
64 x64x10
3‘

34. For geo stationary satellite,
=4.2x 10" km

r
h=3.6x10*km ;
Givenmg =10 N !

R2
mgh=mg | ——
n=ma R+h) QO

10 (baoox10®f 7N 2096
(6400x10° + 3600 <162F)| 17980

35. T=2r

=0.23N

. . __ 4n% R,
.. Acceleration due to gravity of the planet is = -5
T° R, A
Colatitud
36. The colattitude is given by ¢. Fy , e

Z0OAB =90° — ZABO

Again ZOBC = ¢ = ZOAB
. 6400 _ 8 / o
sosing= = —
42000 53 [

B \
~¢=sin” (5—83j =sin™' 0.15. UC
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37.

38.

39.

The particle attain maximum height = 6400 km.
On earth’s surface, its P.E. & K.E.
E. = (1/2) m2 + [‘GMmj (1)
R

In space, its P.E. & K.E.
E=(- GMm

R+h

GMm

= ( j ..(2) (- h=R)
Equating (1)
GMm 1, GMm
———t—mv® = ————
R 2 2R
Or (1/2) mv® = GMm LN
2R R

Orv?= cM

R
_ 6.67x10""x6x10*

6400x10°
_ 40.02x10"

6.4x10°

=6.2x 10" =0.62 x 10°

Orv = +0.62x10% =0.79 x 10* m/s = 7.9 km/s.

By

Initial velocity of the particle = 15km/s
Let its speed be ‘v’ at interstellar space.

~(1/2) m[(15 x 10%) — —@

= (1/2) m[(15 x 10%)% = V*] = —}
X1r

X 6 =_
= (1/2) m[(225 x 10%) — V] =

2x6.67x107"" x6x10%

=225 x10° -V’ = .
640010

=Vv>=225x10° - x 108

40.02
32
= v*=225x10°-1.2 x 10% = 10° (1.05)

Orv=1.01x 10* m/s or

=10 km/s
The man of the sphere = 6 x 10* kg.
Escape velocity = 3 x 10° m/s

V.= [2GM
R
orr= 2N

2
c

_ 2x6.67x10""x6x10** _ 80.02
(3x108f 9

3.

L N N W)

>

x 107 =8.89% 10> m ~ 9 mm.

11.9



