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To analyze the motion of the rocket in detail, we must equate the cxicmal force on the system,
F, with the rate of change of momentum, dP/dt . Consider the rocket at llmc t. Between £ and
t+At a mass of fuel Am-is burned and expelled as gas with velocity u relative to the rocket.

The exhaust velocity u is determined by the nature of the propellants, the throttling of the

engine, etc., but it is independent of the velocity of the rocket.

The sketches below show the system at time ¢ and at time 7+ At . The system consists of Am

—— p— —_

- =< J + -~ e
L \\\ v+Av+u, \\
1 \ { \
| = \ L A
—— \ =
——] : Am M | — : Am M ’| ;
[ —— / | L / 2
( =y S | L
Mg 7 s -
e - S~ e, -~ Y+ Ay
Time¢ Time ¢+ At

The velocity of the rocket at time ¢ is v(), and at £+At itis v+Av.
| The initial momentum is P(t) = (M + Am)

the final momentum is P(7+A¢) =M (v+Av)+Am(v+Av+u)

S S R el

The change in momenturit is AP = P(1+At)~P(t)= MAv+ (Am)u assume Am.Av=0

ST
.' -E’?rt"}‘uﬁ.. It

Therefore, ﬁ = 11m£ = Mﬂz d_m
ddriit " Ar dt . dr

Note that we have defined u to be positive in the direction of v. In most rocket applications, u
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is negative, opposite to v. It is inconvenient to have both m and M in thg equation. dm/dt is
the rate of inctease of the exhaust mass. Since this mass comes from the rocket,

dn__au
dt dr
equating the external force to dP/dt , we obtain the fundamental rocket equation

dv am

F=M—u—r: o
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i i after time
mass of rocket is u and M, respectively. What will be speed if mass became aM,

: : : ]
t=1,. (assume 7 =0 velocity of rocket is v;:)

(b) How situation will different if a gravitational field is present: .y
Solution: (a) If there is no external force on a rocket, F =0 and its motion is 'givgnﬂiby

dv aMm v u dM
M—=uy——10 or B
dt dt dt M dt ,
Generally the exhaust velocity i is constant, in which case it is easy to integrate the equation of
“motion. ;
—dt =uf — —df—y P —
I' dt h Mgdt ‘,".;,L' M s
or vl,_‘—vo=uln ’=ulno:';._—,

0
]

(b) If ; rocket takes off in a constant gravfﬁtioﬁal ﬁefd,

Mg =M %—u%Mt-— , where u agd g are di’rgéfed down and are assumed to be constant,

Integrating with respect 'tp time, we obtain

Vi =% =uh1(j}+g(t, —fo): v, =V.,4;t!ln(a)+gtj.

- 0
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MCQ (Multiple Choice Questions)

Ql Match the following List I with List 11

A. Elasuc collision

1. Momentum constant but K.E. is not constant

B. Ineslastic collision 2. Moment and K.E. 1s constant.
C. Perfectly inelastic collision 3.0<exl
D. Partly elastic collision 4. e=o0 =
3 A B. C D L
g i (a) 2 4 3 1
§ (b) 2 1 4 3
"“ (c) 1 2 3 - Z
4 @ 4 3 12 ‘

7 25

(c) Er—zj +3k icm/s

~ ) /

(d) 2k em!s

Q3. A 2kg mass is acted upon by a force which gives a time dependent displacement of x =

work done in the time interval O to 7, is

(a) 0.51, (®) 1, (c) ff.

ras

i

e 1 /1. 1. m’ "a"BM }i":’};‘ilﬁ }f”:jlﬂ’fr

“(b) (—Sf + 28}') cm/s

mass M . If the body of mass M moves with velocity v, then the velocity of the body of mass

[¥]

M|"‘

VRS

L] m after the impa;:t is
(a) m— w (b) m—Mv © mu 4+ Mv d) mu—Mv
§ m+M m+M m+M
]
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f rocket a
c i nd the total mass 0

3 of a roCket 1s M a

Qs. The mass

velocity of gases €]

o) (ﬂ”i]
(a) log[%} ‘ \ M,
©) (M,-M) d) (M,-M)"

| ] ] . . . 5 e, l i

- : Iy an impulse of
stretched by 5 ¢m from its natural length and the block 1s at rest. Now, sudde.q.li)f’.';‘_l_n 1mpu

4 kgms™ is given to the block towards the wall. The velocity of block, Whefl:SI;ﬂng acquires
natural length is .
(@ 5ms™ . () 3ms™ (c) 6 ms™ (d) None
Q7. Pick out the WRONG alternative, T i '
) (a) A force is said to be consei‘iraﬁv& iffthe work d(’)iit{f‘by the force, when a particle moves in a
closed loap, is zero. & : |
(b) If. the work done by a force is path indep_;endent then the force is said to be conservative.
(c) Work done by frictional force is path iﬁdép.é,ndent.
(d) Frictional foféc'is a non-conservative.
Q8.  -Pick out thé'cor;:ct altermative, 35,
(a) The cdnéep;t of potential energy can be associated with any type of force.
(b) The mechanicalléﬁé}fgg of a system is thc; sum of kinetic potential and internal energy.
(c) The total mechani::él} energy of a system remains constant if the internal forces are
conservative and external forces do no work.
(d) Suppose the internal forces within a syst;am are conservati

work then the mechanical energy of the system increases,
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PPick out the WRONG alternative:

() When an object of mass m moves from height 4 dbove the earth surface to height 4, the

change in its gravitational potential energy is mg (h, —h,) . ,

(b) A block of mass m slides down a frictionless incline, then the speed of block of the bottom is

JQ.L{)I where 4 is the height of incline.

(¢) When the free end of a spring is displaced from x, to x,, the change in its potential energy is B

| 2 ; ;
, I\’(.\'_;_ —.r,‘), where k is the spring constant.

L]

! (d) The change in potential energy of a system is equal to the work done by the conservative
q 2 .

| force on the system.

5 ; Q10. A particle is rotated in a vertical circle by connecting it:to a spring of length I and keeping to

‘j other end of the string fixed. The minimum speed of the particle when the string is horizontal for

1 which the particle will complete the circle is . '

% N

= (a) e/ (b) /¢! (c) V3¢l @ el

G | QI1. Two springs A and B(k,=2k,) are stretched by applying forces of equal magnitude of the four

: ends. If the energy storedin 4 is E, thatin B is

(a) = () 2E (c) E (d) = 5
Q12. Consider the following two-statements .

(A) Linear momentum of the system remains constant.

: (B) Centre of mass of the system remains at rest.

‘; (a) A implies B and B implies A

(b) A does not imply B and B does not imply A .

, (c) A implies B and B does not imply A

f ' (d) B implies A but A does not imply B

[ * . - . SRR
qéaﬂo e - : . BW‘
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Q13.

Ql4.

QI5.

Q1I6.

Q17.

A body t‘nlling vertically downwards under gra\‘/ity bi'saks tn tv\:o p::;z of
centre of mass of the two parts taken together shifts horizontally toward:

(a) heavier picce

(b) lighter picce

(¢) does not shift horizontally

*(d) depends on the vertical velocity of the time of breaking

A body of rest brgaks into two pieces of equal masses. The parts will move

(a) in the same direction

(b) along different lines

(¢) in opposite directions with equal speeds _ .
(d) in opposite directions with unequal speeds 5
Pick out the correct alternative o |
(a) If the net external force acting on a system is zero, its acceleration is non-zero.

(b) If the velocity of centre of mass is constant, then linear momentum is necessarily constant.

(¢) During collision of a system of particles linear momentum is not constant.

_(d) Conservation”of momentum for a system implies the ;;gnservatlon of energy for that system.
Two balls are thrown slmultaneously in a1r The acceleratlon of the centre of mass of the two
balls wlnle in air b,
(a) depends on the direction of motion of the bal]s
(b) depends on the masses of two balls

(¢ depend_s_dort the speed of the two balls

(d) is equal to g

The potential energy fundtiég associated with the force 7 = 4xyi + 2x%] is
(a) u=-2x%y ) - (b) u =-2x*y + constant

(c) u=2x*y+ constant (d) Not defined
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the stored encrgy will be increased by
(a) 100 J (b) 200 J (c) 300 J

Q19. The bob of a pcndulum of length 2m lies at P. When it reaches ©, it loses 10% of its total

“energy due to air resistange,

(a) 6m/s 2m

-

(b) 1 m/s
7
() 2ml/s "

(d)8m/s _ .. ®

s de

does the second part move 2
(@) Smls b)10m/s & () 15m/s

“himself on it from above. Taking the mass of the man t6 be m,

eventis -
irﬁv‘ , my My
(@) M+m ; ®) M+m M+m

does not depend on

(c) the weight of the su1tcase (d) your weight

When a spring is stretched by Zem, it stores 100 J of energy. If it is stretched further by 2cm,

The velocity at Q is (Takc g=10m/s").

Q20. A block moving honzontally on a smooth surface with a speed of 20 mls breaks mto two equal

parts continuing in the same direction. If one of the parts moves of 30 m/s w1th what speed

(d) 400 J

(d) 20 m/s

Wloclwmhqup&_——-

the velocity of the car after the

@ (M +m)v

Q22. Youlifta smtcase from the floor and keep 1t on a table. The work done by you on the suitcase

(a) the path taken by the su1tcase (b) the time taken by you in doing so
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NAT (Numerical Answer Type)

"2 kg mass is tied to one end of a string 2 m in length which is hanging vertically. What

Q23.
minimum horizontal speed should be imparted to the mass such that it Just reaches the top of the
vertical circle with equal to the. length of the string? (Take g =10 m/s*) : m/s

Q24. A 10° kg rocket standing on its launch pad can expel exhaust gas at the speed of

) 2x10° m/ s Just to lift the rocket from the ground, the exhaust gas must be éjected at___ kgs™

Q25. A 25 kg mass, starting from rest at the top, slides down a plane that makes an angle of 30" with
the horizontal. When it reaches the bottom of the 10 m long slide, its Velocity: is 8 m/s. The
work done by the force of friction is closestto a value of J W

Q26.  An object of mags m moving with a velocity v approaching a second object of the same mass

-but rest. The total kinetic energy of the two objects viewed from 'th'é; centre of mass
1 —— amvz_ the value of o '

Q27. Work done when a force F = (.i-+2j_z+3_z") acting on a particle takes it from the point
5 =(%+7+2)mito the POINE: =(%~5+25)m is J

Q28. A mass of 0.5 kg moving with a speed o‘f‘l'._S m/s on a horizontal smooth Surface, collides with

. a weightless spring of' force constant & .=‘,5'0;N /m."The maximum compression of the spring
would bc ; m. - ‘;.‘;_"__'j

L )k l.Sm./s WK =30 v{m
Q29. A moving body of mass m and velocity 3 m/s collides with a motionless body of mass 2 m
'and sticks to it. Now !hg‘%lbcity 6f the combined mass would be mls.

Q30. A block of mass M is attachcd to the lower end of a vertical spring. The spring is hung from the
ceiling and has force constant value k. The mass is released from rest with the spring initially
unstretched. The.maximum extension produced in the length of the spring will be
Mg/k. d
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Q31. A particle is pr&jected at an angle of 60° with the horizontal with a kinetic energy E. The
kinetic energy of the highést point is aE , then value of d is

Q32. A uniform chain‘of length 2 m is kept on a table such that a length of 60cm hangs freely from
the edge of the table. The total mass of the chain is 4 kg . The work done in pulling the entire
chain on the table is J. |

Q33. A particle of mass 4m explodes into three fragmcnts Two of the fragments each of mass m are
found to move with a speed is each in mutually perpendlcula.r directions. The total energy
released in the process of explosmn is mv*.

Q34. Two particles of mass 1 kg and 3 kg move towards each other under théitl‘;nutual force of
attraction. No other force acts on them. When the relative velocity of approach of two particles is

- 2m/s, their cen'rre of mgss has a velocity of 0.5 m/s. When the relative ngocxty of approach
becomes 3m/s, t.he velocity of centre of mass is

Q35. A particle of mass 10 kg is moving_‘. with velocity of (2f +3})m/s. From time t=0, a force
10 starts acting on the particle. The x- component of momentum of the particle at any other
time ¢ is ‘ '

Q36. Two blocks of masses 10 &g and 4 kg are connected by a spring of negligible mass and placed
on a frlctlonless horizontal surfacc An 1mpulse gives a velocity of 14 m/s to the heavier block
in the dlrecuon of the lighter block: The vcloclty of centre of massis ___

Q37. A 4.0kg block sliding on a frictionless surface explodes into two fragments of 2.0 kg parts.
One moves with%.o m/ s,g,d_ue north and other at 6.0 m/s, 30° north east. The original speed of
the block is

]
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MSQ (Multiple Select Questions) .
| it iti BB, F
" difl es with position vectors 7,7,
\ i articles erent masses m,,m,...m,y
QAN If for a system of N particles of dift -

I f ies v ; CS 1 LI .'U(..h I 1 El
\']"l! \\iln‘\‘ll(llhllllu \ﬂ'l)t"“.s |.‘,.--\ N re p y

(@) lincar momentum must be constant |
indepe i e origin
(b) total angular momentum must be independent of the choice of th g

(¢) the total force on the system must be zero

(d) total torque on the system must be zero

Q39 A ball bits the floor and rebounds, after elastic collision in this case

ntum of the ball just after collision is same"as} _t,h?t just before

(2) the magnitud® of the mome
"}' 4

collision :
(b) the mechanical energy of the ball remains the same in the collision.

(¢) total momentum of ball and earth is conserved
(d) total kinetic energy of ball and earth is conserved

Q40. A net force F, (t)=A+B*in the +x direction is applied to a boy of mass m . The force starts at

7 =0 and continues until time ¢

(a) Impulse of the force s 2Bt ., (b) His speed at time ¢ is £t+—B—t3
& m  3m
B.tg

“(c) Impulse of the force-hi-%}}!ti-l- = 2 t

-

(d) S_peéd attime 7 ig <2
Lo m

Q41. A block of mass~n; moving‘on a smooth% rizontal plane with a velocity vy collides with a

)

stationary ‘block of mass A at t'heib_ack of which a spring of spring constant k is attached as

shown in figure, Select the correct option (s)

(a) Velocity of centre of mass — " 1
om+ M

(b) Initial kinetic energy of the system in centre of mass frame ig l( i Jvz
0

4\m+M
(c) Maximum compression in the spring is Yy /——“_( i} )—1-
M+m) k

(d) When the SpHng is in state of maximum compression the kinetic energy in the centre of mass

frame is zero.
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’ Q42.

A body moving towards a finite body at rest collides with it. It is possible that
5 L]

(a) both bodies come to rest
(b) both bodies move after: collision
(c) the moving body came to rest and stationary body starts moving

(d) the stationary body remain stationary the movin g body change its velocity

Q43. Pick out the CORRECT alternative(s):
(a) If center of wass of three particles is at rest and it is known that two of them are moving
“along different lines, then the third must also be moving.
(b) If centre of nmass remains at rest, then net work done by the forces acting on thc system must
be zero. : T
(c) If centre of mass remains at rest, then the net external force must be zero.
(d) For two particles collision, the linear momentum is conserved but for three pamcles it is not
conserved.
Q44. A block of 4 kg mass starts at rest and slides a distance d down a
friction less incline (angle 30°) when it runs into a spring of negligible d
mass. The block slides an additional difference of 25 em before it is ‘0/
brought to rest momemanly by compressing the spnng The force Ll
"constant of the spring is ‘100 N/m.
(i) The value of d' is
(ii) When, the block strikes the spnng |ts speed is J375 mis
(iii) At maximum compressxon the potential energy of the spring is125J
(iv) The change in gra{’itational P.E. of the block from the top and till the position of momentary
restis 15 J '
Q45. A body moving towards a body of finite mass at rest collides with it. It is possible that
(a) both bodies come to rest.
(b) both bodies move after collision.
(c) the moving bedy stops and the body at rest starts moving.
(d) the stationary body remains stationary. |
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Q46. In an clastic collision between two particles. C
(a) the total kinetic energy of the system is always conserved. £h
‘ tic energy of the syst
(b) the kinetic energy of lhc syslun before collision is cqual to the kinetic energy ystem
“after collision.
(¢) the linear momentum of the system is always conserved. .
(d) the linear momentum before collision is equal to the linear momentum after collision.
Q47. A particle is taken from point A to point B under the influence of a force field. Now it is taken
from B to 4 and it is observed that the work done in taking the particlesfrom B to A is not
) equal to the work done in taking it from-A4 to B. If W, and W_are the work done by non-
conservative and conservative forccs and AU and AK are change in potent}ai and change in
v ’!
Kinetic energy then : o
(@) W,_—-AU = AK (b) W =-AU
© W, +W =AK d) W, —-AU =-AK
Q48. “In the adjoining figure block 4 is‘'of mass m and block B is of mass
2 m. The sprmg.has force constant K All the surfaces are smooth and m
the system is released from rest thh sprmg unstretched - y
(a) The maximum extensmn of the spring iS\i”E
\ P4 2
\ e ot ‘ Lo
" (b) The spead Of block 4 whep;e)gtension in spring is 27’"&, is 2¢ ;’-_”’ B
.‘;_ . \ ‘.,"‘ K
(c) The net acceleratlon of block B when the extension in the spring is maximum is Eg
¢ ’-.4 g 3
(d) Tension in the thread for extension of —K—g in sprmg is mg .
Q49. Attwo positions.kinetic energy and potential energy of a partlc]e are
K, =10J,U =-20J, K,=20J, U ==10J. In moving from 1to2.
(a) Work done by conservative forces is positive
(b) Work done by conservative forces is negative
(c) Work done by all the forces is positive
(d) Work done by all the forces is negative - '
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The potential energy function of a particle in the x - y plane is given by U = k(x+y) where k is

a constant
Ly

(a) The work done by the'conservative force in moving a particle from (1,1) to (2,3) is -3k

(b) The work done by the conservative force in moving the particle from (0,0) to (1,1) is —2k
(¢) The work done by the conservative force'in moving the particle from (1,1) to (2,2) is +2k

(d) The work done by the conservative force in moving the particle from (0,0) to (3,3) is -6k

Q51. A block is placed on top of an inclined plane inclined at 37° with the honzontal The length of
the plane is Sm. The block slides - down the plane and reaches the rbottom Take
5 e D g4 ‘
g=10m/s",sin37 = =3 and cos37 = -
(a) If the plane is smooth the block reaches the bottom with a speed of ZJ_S m/s
-(b) If the plane is smooth %he block reaches the bottom with a speed of 315 m/s
(c) If the plane has the coefficient of friction 0.25, the ;olock reaches the bottom with a speed of
210 m/s | »
(d) If the plane has coefﬁc1ent of fI'lCthl‘l 0.25, the block reaches the bottom with a speed of
sJ10mls - )Y : '
Q52. You hft a su1tcase‘ from the floor'and keep it on a table. The work done by you on the suitcase
does not depend on :
(a) the path“taken by the suitcase (b) the time taken by you in doing so
(c) the weight of the smtcase (d) your weight
p.
]
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* Solutions

MCQ (Multiple Choice Questions)

Ans. 1:(b) ' -
+

Ans. 2:(d)
Selution: If 7, r, are position vectors of two masses m, and m, then the position vector of their centre of

mass R, is given as (m, +m,) R, = mn +m,n,

Differentiating w.r.t. time, we get (m, +m:)v‘_m =my, +m,v,

(100+20)v,,, =Joo(2.’- 7)+3k)+20(=10/ +35 - 3k)

120v,,, =200i — 700, +300A +(—200;)+ 700} = 60k = 240k

240 -
Vea —‘12—0.‘ Zk cm/s ‘.

Ans. 3:(c)

2
Solution: The displacement is given as .x_:--% =dx = %u!! Work done = dW = F.dx = madx

(i1) Differentiating equation (i) W.LL time, we get

. 7 2 B .
Agcelerahonﬁ=5=l Soforce F=ma=2x1= F=2N
FoAT e

g

b T ‘-‘fl‘".‘:‘ s "'
Workdone. dW =2dx. =2dt.= W Trm 23=4
Ans. 4:(a) - l{ﬂ?ﬂ ‘
Solution: When the collide ehsucally then their yelocities after collision are given as
m —m, )u, +2m, u. .
, (m=m) %, ;
m, +m,
L]

- 2mu, +(my —m, u, —_ =k —

v, = :

Ea O O— OO

ul ll: vl
And B=Y = Before collision After collision
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Putting all these values in equation (i), we get

(m—M)M+0:> i, [m M)

V=
; m+M m+M

Ans. 5:(a)
Solution: The velocity of rocket

M, M,
M, = massat t=0 v, =velocity at =0 v, +v,lo ,voolog—2
0 ty V=iV g— Y, g M
Ans. 6: (b)
Solution: Applying conservation of energy
3
2.2 - 2.2
=lkx2+m : =lmv'2-i:0:> my? = Joc? + Y
2 2m 2 m
- 2 S -)-
=  2xV7 =4000><(5>~<10—2)2 +47:> 2% =04x25+8 =v.=9=> V=3
Ans.7: (c) o 45

Solution: A force is said to be conservative if the work done by it in a closed ]oop is zero. Alternatively

if the work done by a force is path mdependent the force is said to be conservatlve Frictional

force does not satisfy any of these properties, hence it is a non-conservative force.

Ans.8: (c) »
Solution: The concept of potentla] energy can be assocmted with only a conservative force. The
mechanical energy of a system is the sumnf kmetlc and potential energy. Internal conservative

forces can not cﬁ’ange the mechamca] energy. The mechanical energy of the system changes by
‘the amount of work done by the external force.

Ans. 9: (d) B,
Solution: Gravitational potential energy at a height 1 is mgh, hence position 1

AU =mg(h,—h). Mechanical energy of position 1
position 2

= Mechanical energy of position 2, hence 0+ mgh = % mv: +0

.v=4/2gh . The change in spring potential energy is AU =%K (xj ~x )

The change in potential energy of a system is equal to the negative of the work done by the

conservative force on the system.

4
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:\ns. 10: (¢) .

Solution: The minimum speed at the top for the particle to complete the circle = @ . Now applying the
principle of conservation of mechanical energy.

Mechanical energy of position I = Mechanical energy of position 2

i . 1 ) position 2
© g gl LG} s 2mg v
2 position 1
or by solving we get v=,/3g/
Ans. 11: (b)
) k
Solution; F=kx skhx o %‘:—=i=2 5
= l, o4
g _
Hence &=12~—-:(1J-22—2 Ey=2E,=2F
EA = kij 2
Ans. 12: (d)
Solution: Linear momentum of a systery 18 P=MV.
“If P s constant we can only conclude that V7 s constant, if V. is Constant then p g constant,
Ans. 13: (d) : - § e

Ans. 15: (b)

Solution: From the relation 7, =Ma,, if F_= 0,then g_=¢

“From the relation = it Vi

cm

are entirely different concepts
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e

Ans. 16:(d)

Solution: From the relation /7,

Ans. 17: (b)

=md,,, wehave mg = md,, or 4, =g

- ; ) ouvu ., U .
Solution: From the relation  F =7 =7
. x By

We see that the most general capression is U = -2x" y + constant |
Ans, 18: (c)

Solution: From the guestion,

%/{(20/11)2 =100 (i) .
1 v ..
5/((407:) =E (ii)

Hence —E-=4

Top 4= £ =400 , change in energy = 400 - 100 =300,/ .
Ans. 19: (a)

¥
Solution: Work done by air resistance = decrease in mechanical energy

{--=:>0,lmgl=%mv2-mgl .'.v=1/l_8g1=»/§a:6 m/ s
Ans. 20: (b) 7
Solution: M-20=%]—'30+%v or 40=30+v=v=10m/s ,

Ans. 21: (b)
Solution: Even after the vertical fall, the horizontal component of momentum is not affected, hence

Mv=(M+m)v’ “hor v’=Mm+Vm

Ans. 22: (¢)
Solution: since the suitcgse is at rest in both situation, hence

Wg+W,, =0 (work KE theory)

Wi =Wg =—( '—mgh) =mgh . Hence only option (c) is correct
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iE _‘ NAT (Numerical Answer Type)
. Ans.23:  10m/s " ' ' 5
Solution: If u is velocity at the lowest point A then in order en reach the mass at
highest point B the velocity u should be given as u’ > Sgr.
u=\/i?=\/5xlT2=\/IO_0=10m/s ' s ) \
Ans. 24: 49 kg 57! ' A

Solution: If — s the rate exhaust gas then it is related with speed of rocket as
t

dm 1 dm 4 dm 9.8x10* i

V— = M, 2 10°—=10 9.8 S —=—— =49 [ Ky

g ° Tl= 8 di - 2x10° &
Ans, 25: 450

Solution: By conservation of energy Jaw.’

Total cnergy at 4= Total énergy at 0

= (kE), +(PE) -(KE) +(PE) »i-(Frictionalem;rgy)

= 0+ MgAB

Emv +0+W = /l/.f‘g*]Osin3O=2lmv2 W

= | 10x25x10x:21—=-]-x25x(8)

3 +W,:>1250=800+W,:>W,=450J

Ans. 26: 0.25

Solution: Lets VY, 1s ve]ocrty of first mass: after collision and v,

is velocity of second mats after
collision. By the - onservation law momentum

% v V=0
Sy =my, +m,y, g ‘

£ m =m m=m
But =My Sm = my=my, tmy, S v=y 4y,

By conservation Jaw of energy
1

: 1
5—”11’2 =Emv,2 +5mv; == v +42

: ’
- Solving equation (ii) and (1ii), we get
Velocity of mass becomes zero whereas velocity of sector mass attain the velocity of first
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Now, the velocit} of centre of mass i
citd ot centye of mass is given

‘ |
(mtm)ve, =mv =, -

M .,"

Hence, the velocity of first w.r.t. centre of mass

0""1'” =y

b | =

Total kinetic energy as scen centre of mass

)

1
4 nia = iy
, , 2 2 - m)| v, =
2 m(v,=v,,)"  mv,=v,) ' ' 2
&8 5 + = —- +
: 2 2 2 2
3 . s .3 3 mv?
g using v* =y +vpand v=v +y, =E=—0
- : 4
2 7. '
Ans. 27: -1
{
Solution: Work done = F.dr
i G
Here, F=x+2y+3zN
n=(x+y+ z);?‘,)=(£—ﬁ+ 23),dr =(2ﬁ+5)
)

So, F=(%+2p+32).(-2)+%) = 2(-2)+3(1) =4+3=-1J

Ans. 28: 0.15
Solution: Taking block & spring as the system and applying the conservation of mechanical energy

%.xO.Sx(l.S)2 +0=D+-;1§x50xxjm =>x, =0.15m

e
i

Ans. 29: 1 J

) . { : 3m
Solution: From conservation of linear momentum mx3= (m+2m)xv or v=—=1m/s
m

Ans. 30: 2

Solution: Taking the zero of spring potential energy of the location of unstretched spring and the z
)

ero of

gravitational potential energy at the lowest point.

. 1
From conservation of mechanical energy 0+ Mgd = -z—kd 240 or p
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Ans. 31: 0.25
Solution: The height attained by the projectile .
= v sin’ g, : _ . . . 5
H= a7 where v, is the speed of projection and 4 is the initial angle with the horizontz)
g
3
2
vo go— 2
= 4 or, H= ﬁ
2g 8g
. "
=From conservation of mechanical.energy E+(="2" 3v;
8g -
B l 5 3 : 1
ut mv-=E >E=K+-E=K=_f
K . . ¢
Ans. 32; 3.6 A
Solution: Work done in putting the chain = change in gravitational potential encrgy..
- 4
= 0—[—(5J(0.6)x10x(0.3)]:3.6 J
Ans. 33: 1.5
Solution: From conservation of momentum
0=mvi +mvj +2m¥. or i':—zf——J
e & i ]
—2mv:= l.Zm. Y4 —vi =l my’
2.8 2 4 49 2
hence total energy released
—mv? + lmvz ;-!-mvz = Eva =1.5m’
2 2 p.
Ans. 34: 0.5m/s o
Solution: When no net external force acts on a system the total linear momentum and hence the velocity
of centre of mass remains constant. Hence in both cases velocity of centre of mass 0.5m/s .
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Ans. 35: 20 kg ms™'

s ——
— T o

:; . . 0y t [ : ! ms

Solution: The velocity of centre of mass is given by

Ll

_ my, + m,v,

V.

™

m, +m,
_ 10x14+4.0 om/
cm ]0+4 = mi/S
Ans. 37: 3.43
Solution: From conservaiion of momentum ‘ ;
T | = N
MV =my, +myV, 3l
= " . 2 2kg |6m/
or 4V=2(6cos30f+6sin30j)+2x3j s
4 2kg E
_ (6A5: 6] 3 Y
4y =2| =~ +5_])+6j 6 343 +6] =63 +9)
‘ % S
S (e 0 S J
V:—l[—:i +—-9-j ::>V=—l- 108+81='——]—§2 mls=3.43mls
4 - 4 4 4
MSQ (Mﬁltfple Select Questions)
Ans. 38: (2) and (c) _ .
N
o = - Zmigi .
o my, Y +..myV P P
Solution: Ve, =._)"_n'—;—’-n—”—_i":ﬁl = Von = li 3 Q=0
1 2 een N m,‘
i=l
av. 1 dv 1 _ dF. =0
&, _gm =Y m—=0= dF,-—0:>Z [
= Z dr . m; 2 dt m 2
Hence, total force on the System is zero so linear momentum is conserve.
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Ans. 39: (c) and (d)
Ans. 40: (b) and (c)
Solution: F = 4+ Bs? "

- i . : 3
t ) 2 Bt
Impulse, / = jo F.dt = jo A+Br® = At 4 >
2
. F_A+Br' _dv_ 4+B? _ [ A+ B2 4,8,

Acceleration, Q:Z=T:>:11_= - =, dv= ont‘"’ v T
Ans. 4]: (a), (¢) and (d) _ ‘ .
Solution: Velocity of centre of mass Verr = w =3A, n = i

- m+ M Bt

. o s T - m T
Solution: By definition 7, R eV ¥ 1y,
S N

v, are different implies my, +m,v, # ()

+
hence ¥, = (m,v, e ¢ ) #0
m]
]
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If centre of mass 1s at rest then a_,, =0 hence F‘L_xp =0, but this does not imply net work done by
the forces acting on the system to be zero. Linear momentum (in the absence of external force) is
conserved for collision ofiany number of particles.

Ans. 44: (), (b) and (¢)

Solution: Loss of gravitational potential energy = gain in spring potential energy

mgsin@(d +0.25) = %kd2 =5 4x10x%(d +0.255 =%X400x(0.25)z

d+025=0375,d=0375m or d=37.5cm !

The speed of the block of the time of striking the spring is
. | . ‘
mgdsm30°=§-mv“ :>10x0.375x15=—‘1€v2:>v= 375 mls

At maximum compression potential energy of spring is

U=—ht or, U=_12x400x(0.25)2=12.5‘.]

Ans. 45: (b), (c) and (d) _

Solution: Since one body is moving the net hnear momentum of the system is non-zero. If both bodies
come to rest the net lmear momentum w111 be ZEro Wthh is not possible.
Yes both bodies may move so as to conserve momentum

If this is an elastic colllsxon of two equal masses, then the movmg body w1ll stop and the body at

rest will move.
If the stationary body is of mﬁmte mass, it will remain at rest and the

Ans. 46: (b), (c) and (d)
Solution: In elastic collision,

conserved just before and JLISt after the collision.
sence of external forces) the momentum is conserved.

moving body will rebound.

the kinetic energy is not conserved during the process of collision, but it is

In any type of collision (m the ab
Ans. 47: (a) and (c)

Solution: By definition W.=-AU  also W +W,. = = Ak
Hence, ~AU +W,, =Mk
y ’
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o

o - P’
4. 48 (a) gz the principle of %0\

Solution: Initially the system is at rest and finally the system is at rest. Applyin
conservation of mechanical energy for maximum compression.
r € Loss in gravitational potential energy = given in spring potential energy

1, , 4dmg
=5 2mgx, =5kxxma,, or Xmax = %

when the extension jg ng’ applying it conservation of mechanical energy gives

2mg T 2 4ng2_3mv2 o /Smg-__2 2mg. - .
- 2m.—k— —217:11) +2.2mv :T—h- > or v m - ——-3/{‘ oA

A

Ans. 49: (b) and (c)
Solution: . =AU , hehce W, = =(=10+20)=-10

From work-kinetic energy theorem
]

Ans. 50; (a), (b')rgnd (d)N8

Solution: Work done by conseryation force = ~AU

:-:' W(J.l)ﬁ(Z.s)_f —3k ’:'W(A;b)—»(l.l) =2k, ﬁf(yl.r):'—»(z,z) =2k ’ WEO.O)—»(s.a) =6k

Ans. 51: (a) and (3% vy
Solution: If the plank i'gf;_r_nooth, applying the principle of conservation of mechanica] energy

R I

Smgsin37° %mi}?}:i“"or SxIOXE =X V! =% = /60 = 2V15 m/s

If the plank has fr_iction,ﬁg‘rk done by friction force = chénge in mechanica] énergy

1
= (-ymgc0837°)(5)=[5mv2+O)—(O+5mgsin 37°) N
: ]
4. 2 3 2 : “
= -5%(0.25 xle-':—-—5x10x~:>—IO==-———
( ) 5 2. 5 2 = ‘
2 )
l)2_=20.0‘ LoVi=40= V=210 m/s
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Ans. 52: (a), (b) and (d)
Solution: since the suitcase is at rest in both situation, hence

Wg+W,, =0 (work KE theory)

you

W)‘

ou

~Wg =—(-mgh) = mgh
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3. Central Force and Kepler’s System
3.1 Central Force

In classical mechanics, the central-force problem is to determine the motion of a particle Unde,
the influence of a single central force. A central force is a force that points from the partic,

directly towards (or directly away from) a fixed point in space, the center, and whose magnitude
-only depends on the distanhce of the object to the center,

In central force potential ¥ is only function of » only a central force is always a conservative
force; the magnitude F of a central force can always be expressed as the derivative of a time-

independent potential energy
§ ' 4

VxF=_! aFe (ap)&o

rsing| o¢ )° 06 b, B i,

And the force F is defined as F — ~Z—VF (force is only in radial direction)
I8

3.1.1 Angular Momentum and Areal Ve]ocnty

The equatlon of motlon m polar coordmate is glven by m(F —r?) = Foand m(rd +276) =F,

but for central force

External torque ?’ 0 so angular momentum is conserve

d(mr*@)
dt

m(rf + 2rt9) F ':b t.for central force F O som(rf + 2#63) =0=

e,

=0 means

Fod=7F(Fx P)s0 = F1J hence position vector 7 ig perpendicular to angular

momentum vector J hence Ji 1S conserve , its magnitude and direction both are fixed S0

“direction of 7 is also ﬁxed. :

-
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So motion due {0 central foree jg confine

into a plane ang angular momentum i,
perpendicular to that plane

Central force problem. Prove that Area] velocity is constang
For the central foyce problem. Now A= l Ford
: 2

L]

o dA 1 a0
Areal velocity = 42 _ —pt 2! Y
) ’ dt 20 g,
a4 -l-r’()' ILis given that ¢ - -—j—J so A _ J
o 2 my dt 2m

Which means cqual area will swep in cqual time

3.1.2 Total Energy of the System

. . . ’ . I
Hence total energy is not explicitly function of time ¢ so 0 one can conclude that izl

energy in central potential is constant,

E= % my? 4 V(r);a;ld Velocity ¥ = j# 4 100

)

=5 So total energy £ = —::—m(r"’ 4 r’0'2)+ V(r) :

2"’? L X e

2] B 01 .

?3 ] i 9 l 2 2 P ’, e A J

. = =mET A —mrth? 4 V(r) itis known ¢ = - =

3 2 2 mr

% . , :
4 L ,

.é = E'mf' + :2"*”’*2 + V(I‘) r )

| b

3 =E= zimr'z +V,, Where?:;.—,_,— +V(r) is identified as effectiye potential v,
:

d

?

i,

|
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| . 3.1.3 Condition for Circular Orbit $
1SS "From equation of motion in radial part m(i —r6°) = f(r) 2
For circular orbit’or radius To, r=ryand ¥ =0 —rg? =f(r)= -;;% =f(r) at r= 3
Which can be also derived by f%‘@ﬂ =0 and & =‘&)0 is identified as angular frequency in
NOT Y @ -

circular orbit,

1agn : : :
. . oy & . ¥ e - . 0 p;[fedive
radius r = 7y of circular orbit Is also identified as stable equilibrium point SO — 20 if
e r=r
Se Some how particle of ™mass m is change its orbit without changing is angular momentum ang
- new orbit js bounded then new orbit is j fied as elliptical orbit the angulat’ﬁ'equency In new
on

F.rorq €quation of motion in radial part m(F - réz) =f(rN= Ldzr = ;1_2_ = _’f(r)

;2 % R o () SO (1)
Where.y%ntrzé = de =’;t,-i?t = 4 =._‘£__d_
mr? : dt mr’ 4o
2242 J (s )
drt 4, dr)” mr? ;’E(FJE
Substitute in (1) * @.
JE 1 4 o J? J? ] & :
"""T__(T“-}‘ —seflrla 8 ‘——~—d( ) .iel = f(r)
mr-do\r*dg) m, mr*dg\ g mr’
S 1dir) gy I (drr)
(m a6 *;?)”“ *;7(*@—*“:]4(')
]
I Jur(d u 1 1 . )
Let r_ =y = - - (d—é? + uJ = /’(;) (differentia) €quation of an orbit)
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-Example: Consi'dcr th i
at the motion of a particle of mass.'m in the potential field V( b
; 1e r)=—1f
2

is angular momeritum.
(a) What is effective i
potential (V. ‘
(Vi) of the system. plot ¥, vs r

b) Find v eNe
(b) alue of ::ncrgy such that motion is circular in nature

will nat it? Fi
ure of new orbit? Find the angular frequency of new orbit in term of m, I, k
2 | ‘ D % *
1
+—kr?
2mr® 2 ’

Solution: (a) Ver =

dv e ; 1/4
) YT Lm0 at r=rysa, <[ 22
ar ’nrg 1 (-) at r ) Sq o = m_k
- Vejf J2

> F
for ciréﬁ]a@gjmo'_tioﬁ Ama)g ror"=‘.1,c_:r0 ;_Where r,is radius of circle @, = L3
A 1, mih ! | Y k
total ener E:'r———+—kr2=———0-+—k1‘2 E =kr} TR LA
& Dmr’ 2 o 2" 7 PTGk E=J m
() orbit is elliptical in nature |
aw,| * 3J? 2
o 3 e 3 k=4
]
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Example: A particle of mass m moves under the influence of an attractive central force f(r).

(a) What is condition that orbit is circular in nature if J is the angular momentum of particle

(b) If force is in form of . f(r) =_—fdetennine the maximum value of n for which the circular
r .

orbit can be stab]e,

2
aV«:/fzo 5 0

. o g J? , '
Solution: (a) if Vg = 7 +V(r) for circular stable orbit

or (=0
- - i . 2
(b) f(r)=—7k for circular motion —_ </ =0= __i_;.,._aﬁ -
¢ . v mr >
oV
Hsgiven Z5=—1(r) if f()="K LV k|
i F" ar r” . @
J? E
mr r r” mr3 i 2 b
52V 372 : 2 2
eff nk 3 J
RS >0=p &y v
a2 PO vy AT >0 s0 n<3

Example: A particle of mass m and angular momentum / is moving under the action of a central
force Ar) along a.crrcular path of radius g as shown in‘the figure. The force

“centre a Iles on the orbit.” % % , i '
(a) Given the orbn equatlon ina central fi eldi’iotiom.
S tus——— f whereu=—. ' 0
2 v . 72,2 ? (9] ! —> X
do : lu r C(a,0)
Determine the form of forée in terms of,m,a and ,

(b) Calculate the total energy of the particle assuming that the potential energy V(r)— 0

asr — oo,
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Solution: (a) from the 0g r=2ac0s 0

i de 10
m\qgt " =1 &ﬂ

2 r
__Jh sec’ 6\1 K Otan’ 3 secl ! 0 0
A | T\secOta : —
(220 0+ 0 2 (1] ey |
s (ecotan :
J? secz‘BK -
- ———\tan® 6 + sec’ 9+1\= f&l) 2J"sec’ 0 | 1
A == =fl - o
4a*m . i f ol il (r)oc_‘rzs
) 2 /
mr J 2
(b) E=T+W+V(r) T 0, V(r) >0 5%,-_1_)0 -
L
mi* , Gl g0
E=—2_ and r=2acosf and i = -2asin 60, B="" a5 row
mr

2

hence 9=J—;—>0 so F—=0s0o E=0
mr
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3.2 Two Body Problem

Reduction of two'body central force problem to the equivalent one body problem

A system of two particles of mass m; and m, whose instantaneous position vectors of inertia|

-frame with origin O are ry and r respectively.
Vector m; relative to mis r= }; —E
The potential energy is V is only function for dist

So ¥ =V (% -7y

Total energy of the system is given by in lab frame

P osa 1 o
E=5mmz+5mz’zz+V(’z =)
Let the position vectors of m, and ‘m, be r

measured from the same origin, is

The center of mass lies on the line Joining m, and my. To show this, suppose first that

R does not lie on the line, and consider the vectors 7’

the sketch we see’that

7 m,r;,,._ m, 2 (,—, —)
1 1 SRy -
oAy mykm, mem
o mh U] ) (
2 T T - =
m, +m, m +m, m +m,

7' and 7/ are proportional to # —r,, the vector

line joining m, and m, as shown. Furthermore,

and /73

ance between the particles

2 The position vectof 6_fi;}ge‘f-écnter of mass,

the tip of

» 1 from the tip of R to m, and m,. From

h

from m, to m,. Hence ' and r, lie along the

m,

m m m
A= ——|r —r|=—=r and ' = Al==—t—r
”7r +mz ’77l +m2 m, +m2 m, +m2 ;
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W)

b ':lz""‘ T+ 3l

+V(r,=r). The
(5 =1). The total energy is transformed

1 A
E :;(ml +mJ‘Rl & 1 mym, l'{l" V(s
. < 2 mym, : (r)

CO Or ) 0' W lll not I 5] [¥] { l 8 ) ¢ ] (o (4 nore
lg

l 2
E(m| +m,)R*.
So Energy in centre of mas 1 : ;
re of mass reference frame reduce to B~ MFF +V(r)
: 2 m +m,

Where u= mm, is red ' )

= S reauc 9 3 B

m, +m, e to oné body system in centre of mass reference frame.
g
|
:
5
]
X

3.2.1 Kepler’s Problem

Kepler discuss the orbila:-;l motion of the sun and Earth system under the potential V(r):—E
' ' r

where k = G"’;-?’?a_!f;it is givenﬁ mjand m, is mass of Sun and Earth .Although kepler discuss sun

and earth' system but method can be used-for any system which is interacting with potential

V=== ;

r h "
, .

s ]

m

¥

m,m, =
m, +m

The reduce mass for sun and earth system is "= =m, ,m;>>m,
Let us assume mass of earth m, =m

3.2.2 Kepler’s First Law: Every planet (earth) moves in an elliptical orbit around the sun, the
sun is being at’ one of. the foci. Where sun and earth interact each other with potential

k . L | : ;
V(r)=-—we solve equation of motion in center of mass reference frame with reduce mass
r

p=m,=m
L
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3.2.3 Equation of Motion:

- k 3k
mF—mr8® = - —_ put §=—;
3 F

mr*

AV 8}

; ’"’:_—LT:—'E{
ic Ir ) mr r

Equation or orbjt is given by Y [i;u_ +u]= —f( I)

: —
m | 4dg°? u

~ Ty U=
u m | de? -d6? BT

k 1 2 S [ i :
1)=& f(_)z_h,-:ii[iﬁw]:w:, C L s
12(

e T =0 t -—— = —i“ﬂ
d6? )P g =y s deE

-

-

: d
The equatiop reduceto =,  _ 0
. 4TtV

7 8 ; u=‘];—T-+Acost9

g2

—_

4 : | 2
L ;=%+ Acos@ :>£"—'=1+(AJ Jcos&

—_—

km

In a central force Pofential which is interacting with potentia

section depending on eccentricity ¢

Now we are discuss the case specially of elliptical orbit as Kepler

Var
discuss for Planetary motjon _ '
2 2 :
Total energy E=—]—mf2+ 4 = - where ¥ ” =-i—-—£ with
2 2mr* - p Wi 2my? E
ellipse
constant angular momentum J .
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ve

If one will plot it i
Plot ¥ oive Vs F itis clear that for negati

energy the orbit is elliptical which is shown in

‘ s figure.
Earth is orbltmg in elliptical Path with syun 5 .

] s focus as
shown in figure. *

Let equation of this ellipse is x_2+ :
2

2o where (#=0)
b=al-¢?

a* p?
minimum value i
?f rois (a- ae)  value and  maximum  value  of

¥ is
a+ae)r -y : rq sa%

| ( ) e F F '. 2a from plot of effective potential it is identified 7, and r__is the
: . . Ly v a5 in

3 turning point so so at these points radiaj velocity is zero * i
5 2 . &

_r b 2 . : L i -,: .::: - 4
oy = 2mEr” + 2mhkr - J* = 0‘ given equation is quadratic in term of r for their root at

E=

Tmax@nd 7. Using theory of quadratic equation sum of root r  +r. =__2mk

max min

" 2mE

k grieh
= E =-—which is negative .
aa '

3.24 _Rg]aﬁonship between Energy and Eccentricity.

[ 1 L o LT

HiG 2
For central potential V' (r) = —i the solution of orbit is ! =1+ecosf with [ = i—m—
% r # 0%

25 ¥

b2k

2mr® r

‘The energy is given by Ef':%mfz +

- 2

the solution of orbit is L'ﬁ_l +ecos® with /= 4

r 3 km
so —zlr':—esint%’ where @ = ~ 50 ’._=erm9’ Vo
S v ' mr ml Eryibia
E§ | i Fonin rmax
'E" after putting the value _ofi =1l+ecosd and r= erx;x g ‘with  E parabota — >
4 4 m . '
;‘3 2 . E cllipse /—.
a /= » in equation of energy .\
km ’ v
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2EJ?

one will get e =, [1+ T

the condition on energy for possible nature of orbit for potential
E>0 >

Hyperbola
E=0 . e=1 Parabola
E<0 e<l Ellipse
s s
ctic Ez-m—ki- e =0 circle
2J
3.2.5 Kepler’s Second Law: :
Equal Area wij] SWept in equal time of Areal velocity is constant . )
gtf = s ( which is deri\(ed earlier )
3.2.6 Kepler’s Third Law:
The square of time period(7') of revolution in e'lliptica] orbit is proportional to cube of semi
Major axis a je T2 o 4
dd  J= . & 3 .
d E—:;ﬂ—sfd/i;:an—zfdt = rab= %T (mabyis the areqa of ellipse)
g N [ 2
jzm-ax/l—e:’:;]'—T'itisgiven €5 1+2—E—"{— and e
: 2m G : mk* 2a
e l“:’ 2 . 2
e’l=]1- 2U2 SSEpE. . 3
: : Zam/c 2amk ’
dm? o .. : _ 2kJF g2
I¥=""2 0 a ai(l-e ut value of | -2 = > = —
J? i ( | )P 2amk®  gmk
2 o 2 2 2 3
72 =~4ﬁ—ﬂ'2a4(l-—ez) = T2 =ﬂn-2—.7rza4.i—= 47 °ma
J4 J mak k
2. 3 4723
=723 ma’ if k=Gmmthen — 72 = 47 @ where m, is mass of the sun.
‘ ok s ) -
Branch office
Head office e g :
m 23, G.F, Jia Sarai, Anand Insfitute of Mathematics,
)y . . g ] i =
Near IIT, Hauz Khas, New Delhi-16

Phone: 011-26865455/+91-987;145498

28-B/6, Jia Sarai, Near IIT
Hauz Khas, New Delhi-16
Website: www.physicsbyfiziks.com

Email: fiziks.physics@gmail.com 100



Example: Given a classical mode] of tritium

I H & '
atom with atom with nucleus of charge +| and 4

single.

Electron in a circular orbj adi
orbit of radius %o suddenly the nucleus emity a negatron and changes 1o

charge +2 (the emitted negat ; rapi
gatron escapes rapidly and we can forget about it.) the orbit sudden! ¥

has a new situation.

(a) Find the ratio’of the e{cgtron’s. energy after to before the emission of the negatron
(b) Describe qualitatively the new orbit

(c) Find the distance of closest and the farthest approach for the new orbits in units of 7,

Solution: (a) As the negatron leaves the system rapidl)f,‘ we can assume that its leaving has no
effect on the position and kinetic energy of the orbiting electron.

From the force relation for the electron,

2 2 g
my. e - . my. e
~=———_ and we find its kinetic energy — =
r, 4ng,r, 2 Buer,

and its total mechanical energy

my’ é e

B

2 Aney,  8rmey,

.

‘befor.e the emission of the negatron. After the emission the kinetic energy of the electron is still

X - \ ¥ - 2 - 2
- while its potential energy suddenly-changes to 2 =€

87e,r, i 4{"59’3 2re,r,

2

Thus after the emission the total mechanical energy of the orbiting electron is
?

m vf 2¢’ -3¢ ’

E = = , giving £2—=3.
S 2 dney, 8ner, E,

In other words, the total energy of the orbiting electron after the emission is three times as large

as that before the emission.

-3¢’

(b) As E, = , the condition equation (i) for circular motion is no longer satisfied and the

a%0

-new orbit is an ellipse.

Head office ' ' Branch office
fiziks, H.No. 23, G.F, Jia Sarai, Anand Institute of Mathematics,
Near IIT, Hauz Khas, New Delhi-16 28-B/6, Jig Sarai, Near IIT
) Phone: 011-26865455/+91-9871145498 Hauz Khas, New Delhi-16
Website: www.physicsbyfiziks.com

Email: fiziks.physics@gmail.com 101



1Zik
. fizi S
Institute for NET/IRF, GATE, IIT-JAM, JEST, TIFR and GRE in PHYSICAL SCIENCES il ' © /
r - (c) (‘onscrvulinn.ul‘ energy gives
I ‘
-3¢ L3 m(r"J + r"l)’)
,,,,,, B e b
( 8zs,r, 2re,r, 2
At positions where the orbiting electron is at the disumf_:c of closest or farthest approach to the
atom, we have 5 = 0, for which
=3 mrgr SR e’ ’
8xe,r, 2 2y 2mp 27, r Vi
Then with '
me’r
Ji= mivyr? = 0
' 47e,
" the above becomes iR G g
Y * {"‘ !
3r""-4r;,r-j'-r.;f=0- - ' |
with solutions , = L r=y
3 p :
Hence the distances of closest and farthest approach in the new orbjt are respectively %
| 3
& min :3’ ’:mx =1 ' 5
Exmﬁﬁlé_; A satellite of mass m=2000 kg is‘in elliptical orbit aboyt earth. At perigee it has ap
e e o Tty BBy
altitude of 1,100 km and at. éﬁogee it has altitude 4,100 kpm assume radius of the earth is
R, =6,400km. it is given GmM, =8x10" ] m
(a) What is major axis of the orbit?
’ (b) What is eccentricity of |
(c) What is angular momentum of the satellite? - / \
(d) How much énergy is needed fo fix satellite in to orbit from 2100 U ea00
surface of earth? . T '
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rmln = l 100+ 6406 = 750015”1

'(a) Froan +

-

= rm ~ rmiﬂ

r""a’- + rmin

o) == 105007500 _ 3000
10500+7500 ~ 18000

Itis given k =8x10"7 7. ;m

© E=-X ___8x10"
2a 18000x10® * 7

2

2 2
e= 1+.2_E‘_I__ 2(1) =1+2EJ1

mk 6

= 4100 + 6400 = 10500

1
- = = —
6 €=

Tnin = 2a :1800'0=2a-:> a=9000 kn
1

[ g
=-gX10% = —4.5x10°y

mk?

]

1 1_2EJ2 g (12648872 -

61T o = 140x10% =y = J =140 x 10" =1.2x10" kgm / sec’
(d) When satellite is at surface_of'garth, -

R = 6400 Km ‘ s

' GMm [ =8x10" _10% 10"

_E‘, = — = - = — = s =-12. =

S TTTR T 6400x10°  800x10° 8 >x10

E 2 MM __45x108, = AE<E, - E, =8x10°J

i iBe 2 T

Example: For circular and parabdlic orbits in an attractive 1/r potential having the same

angular momentum, :'"'s'hbw that perihelion distance of the parabola is one-half the radius of the

circle.

Solution: For Kepler’s problem L 1+ cos @, for circular orbit e=0 = LI 1 and for parabola
r

! C . i . G
e=1 —==1+cosél r, 1s minimum when cos@ is maximum.

¥

c

r .
) r 1 *
L -2 and LS. ..
r, & r. 2
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Example: A planet of mass m moves in the inverse square central force field of the Sun of mass

M . If the semi-major and semi-minor axes of the orbit are g and b, respéctively, the find total

energy of the planet by assuming sun is at center of ellipse .

Solution: Assume Sun is at the centre of elliptical orbit. 2
. s o 1, GMm 1 , GMm [ b\‘[‘
onservation of energy 5™ T =™ ———— = v,

Conservation of momentum L = mv,a = mv,b

L[]
N<
I
"
N
ST
S

2 ‘a b ! Z)T ab
1 (6 - (b—a) . I ‘
- = GM, —mvl= = '
2m : L 5 b = —my, GMm(a) b a)
E=-l~mf—GMm=GMmé 1 GMm
2 a b+a) a
_GMm{. b ) GMm[b-b-a) . GMm
@ \(b+a) ) e ((6+a) )T (bra)
. k*“ :" y iy
] - :& |
- ’
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MCQ (Multiple Choice Questions)
lanet -
Ql. A planet moves round the sun, At 3 pomt P, it is closest to the sun at distance 1 and has speed
v, At another point Q, when it is farthest from the sun at a distance r,, What is its speed ?
/ (a) ﬁ (b) " ©) A 4 B4
2 I Cc) —= = 8
‘ Q2. Two masses m and M are initially at rest at infinite distance apart They approach each other
due to gravitational interaction What is their speed of approach at the instant when they are at a
distance d apart? :
. . LI . =
1 * i
@) ZG(M2 +m? )2 ) 2GMm |’
d d(M +m)
i . ‘
2G (M +m).\? GMm |
© G(M +m) L. GMTes .
d d (M + m)

Q3.  Which one of t1 following diagrams correct depicts the variation of kinetic energy (K) potential
energy (U) and tofal energy (E) of a body in circular planetary motion? (7 is the radius of the
circle)::‘

CHR ' SRR SIS
Balee N, , ?.>5E b=r
[ ) 3}
| :
. '
: TN«
3 (c) T { (d) = ,
g > po b
: ap————1-> o
] 5 = %
| = % m E
| 7
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n,

A planet of mass m Moves in a circular orbit of fadius r, in the gravitationa] Potent;y

- i |
V(r)= . where 4 isa POsitive constant. The orbt angular momentum of the planet is
p

@) 2 dm T ) 2nim (€)r km (d) Jrjom

Qs The figure gi\‘cn. shows a satellite of Mass m orbiting elliptically about the |
centre © of the Earth, The mass of the Earth is M . The work done on the /ZB::>.A
satellite as it moves from 4 10 B in its orbit s o :
o o N[
() — (l~ 'f) (b) -'"{l-— r'-J (©) GMM[1-T2| 4 CMm |
s Fa P ] \a 7, 2=l
Q6. Ifthe Eravitational force i assumed to vary myversely as the nth power of distance 7 , then how
does the time period of a, planet the sun depend upon r ?
@) (b) " (c) r'* (d) /'~ ¥2
) Q7. The figure below shows the motion of a planet around the sun in an elliptical B
~Orbit with sun as‘the focus. Areas S@A and SAB shown i the figure can be w
assumed to be i;:al. If ¢ and t*m the times for the planet 1o move bo
from O o A and 4 1o B r‘é#;ctivclr;%n
(@) 1 f!‘."f (g)ﬂ.é' >1 (d) None of these
Q8. If R %ggc radxg,s of the ea gravilatiogal constant, then the
urfaeépotential will
"."‘;‘ _".'_‘.-"" 4 3 ] '—“ \ 4 R
ORI, @ =7=G
SNOR Tl
Q9. Three objects §; .S‘; nd' S, having same mass m are in different elliptic orbits of same semi-
!?@k‘ ‘
major axis, about an ob}g@gf mass M . If the eccentricities of the orbits are ¢,e, and e,
“respectively such that e éez <¢ and if £,E, and E, are their respective mechanical energies
then which one of the following is correct?
(a) £, <E, <E, (b) E > E, > E,
(¢) E =K, =E, (d) £, £, and £, cannot be compared
L]
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Q10. A particle js moving in ap j,
trajectory of particle jg

(a) circular

polar Coordinateg g giv

en by,
" =J—”;-(] +é&cosd)

where, ¢ g the €ccentricity of the

gives rise to 5 parabolic trajectory?

»

(@) e=0 (b) ¢ =1
QI2. Match the following L st with List IT.
List I
A. Eccentricity ¢ > 0, energy (E)>0.
B. Eccentricity e=1E=(

C. e<l,£<(
) D ¢9=O,E=——”i

(c) paraboljc (d) hyperbolic

rticle of mags m and angular momentum J jn plane

Particle’s motion, Which one of the following choice for ¢

() 0<e<] (d) s>1 V‘

List IT

1. Circular orbit

. 2. Elliptical orbit

3. Parabolic orbit

4. I.{S';perbo]ic orbit

pE g
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Ql4. Two particles of identical mass move in circular orbits under a central potential ¥ (r): %kyﬁ_ Let a

r2 be the radii of the orbits respectively. If i , the value

Iy and I, be the angular momenta and r,
1] Jz
of s
-
(a) V2 (b) 1/+2 (c)2 (d)1/2

QI15. A planet of mass moves in the gravitational field of the Sun (mass M). If the semi-major and

semi-minor axes of the orbit are g and b respectively, the.angular momentum of the planet is

“(a) \26Mm* (a +5) (ﬁj\;/szmz(q-b)"-Zb)Jzﬁﬁ%‘fﬁ ‘(ajl
i a-=oe

NAT (Nlimérical Ahsﬁéi’ Typej

QI16. If a planet revolves round the sun in a circular orbit of radius ‘g with a period of revolution T
. L ]

then (% beingrg Positive constant) if Tec g% then will.value of ¢ is givenby ........ ..

Ql17. Considsr a satellite going round the earth in a circular orbit at 4 hei ght of 2R from the surface of

the eaﬁh, where R is thé{;".aldius of the ea'r'-v_zt;hj-; The speed of the satellite is ... . (%J then value

of a.......and Value of 3 is

QI8.

s

radius R is a AR’ whatis value of ¢ . | ?

Q19. A comet moves in an elhptlcal orbit with an eccentricity of e=0.20 around a star. The distance

between the perihelion and the aphelion is .1.0x10km . If the speed of thg comet at perihelion

60 km/s then the speed of the comet at the aphelion is........... km/s
Q20. The acceleration due to gravity (g) on the surface of Earth is approximately 2.6 times that on the

surface of Mars. Given that the radius of Mars is about one half the radius of Earth, the ratio of

the escape velocify on Earth to that on Mars is approximately .............
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MSQ (Multiple Select Questions)

- A satellite is in elliptical orbit the earth (radius = 6400 km ). At perigee it has an altitude of

Q1.

1100 km and thesapogee its apogee its altitude is 4100 km .
(a) Then The major axis of the orbit is18,000 km

(b) Then The ma'jor axis of the orbit is9,000 km

(¢) The eccentricity is 0.16

(d) Eccentricity is 0.33

Q22. A planet (mass M) is moving around the sun (mass M ) in an elliptical orbit.of semimajor axis

a. Total energy of the planet is REER
.M GM M
() - GMMs (b) - 2GM =M () MM (@ - MM
4a ; a 2a 2a .
1g in an elliptic orbit under the influence ot

Q23. Consider the following statements for a particle movit

“a central force.
(a) The radius veetor covers equal area in equal time.

(b) The motion takes place in a plane..

(c) The angular momentum is a constant of motion.

(d) The energy remains constant and negative .

Q24. Consider the following expressions n respect of earth’s motion around the sun in a circular orbit

of radius r with a linear speed v and angular speed @. Then which of the following expressions

are correct?
3

(b) v is proportional to r*
]
(d) @is proportional to »?

-1
(a) vis proportio__pal to r?
-5

. . 2
.(c) @ v is proportional to:
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Solutions : \
on Ar MCQ (Multiple Choice Questions)
Ans. 1:(b)

Solution: closest from the Sun =7, speed =y,
» Farthest from the sun = ¥

According to conservation of momentum mry, = mr,;
hv,
P, =,
==
Ans. 2:(c)
ush . . mM
Solution: if reduce mass U=
m+ M

gravity upward from the earth)

©  Ans. 3:(a) Rt

Solution: For cirgular motion

Lw? 2G(M + i
then,—‘tgi-= 0- (—-@;ﬂJ = =20( = m) -V‘.(;_ngégfération due to

e
TR

2 . > ,‘u& s . ';: ey = i
ﬂ’_=_l‘;_:>1(_mv :iz b E=K+Uihdr—* p__ &
r i 2 rGis, . Ben roo 2r
o
Ans. 4:(d) B i
] , 7_“_]2: J2 L _ '
Solution: Vogenve = Cy- — = +:2—-0 at r=rp,
S0 J = ,[rkm
Ans.5: (a) :
Solution: By conservation law of energy
. = dW=(PE), -(PE), [ By equation (j)]

* 7, Z, Ty T4

B ( B GMmJ_ ( ) GMmJ _GMn_ GMm _ GMm [1 J r_,,]

¥y

o e

Head office Branch office
;:Zeizsd :ﬁ:: 23, G.F, Jia Sarai Anand Institute of Mathematics,
Hns Kiias, ’ - i i, N T
Near’llT, Hauz Khas, New Delhi-16 | :: ula'z/:;‘ :: S;z:; De?;;:,s
" Phone: 011-26865455/+91-9871145498 ;

e icsbyfiziks.com '
Website: www.physicsbyfiziks.com 110

Email: fiziks.physics@gmail.com




,‘ b ™ ™ k
& fiziks
R Institute Yor NET/IRF, GATE, IT-JAM, JEST, TIFR and GRE in PHYSICAL SCIENCES

. i —

-

LIsiKe

Ans. 000

Qalution: 11a planet revatve with velocity v radiug » then the centripetal force it gl.\'cs as
wYUIERARA .

v ~ T Planet
o » U) ‘ . /l\‘
] = | 7

| ! / Y, \
The attractive M betwaen sun and planet is given as . \H.m :

\ S
\ .
F ¢ (1) b R
& bing a constant
) )
: N and (i) o’ o ko . A )
? - 3 3 —_—m— YT = == Y=
By equations (1) and (1 = - — =
s s I -
drr 2xr . mr™' Y 2mrriNm _Grgm S
Hence, ime penad = . = | —=21x rLT, = G ) i
k
| =
\mr— J
x+l

' . N . ~ -i"
Hence, time peried is proportional to »
Ans. 7:(¢) fr |
reloci / / ius sun to a
Solution: Kepler's second law states that the areal velocity swept out by a radius drawn from

planet is constant, i.e.,

-

d4
— = constant

di
Ans. 8:(¢)
., GM, s
Solution: Potential at earth surface V' =— = (1)
€ : '
' ; 4 . .
Mass of earth M_ = volume x density = E;rR, P (11)

By equation (1) and (ii) becomes

G4 _, 4 .5
V=e—y|—zR p|=——7aR pG
R (3 ,PJ 3' P

(4
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