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Mechanics of Rotational

Motion

= Introductory Exercise 9.1

1. The mass distribution is at minimum
separation from the diagonal passing
through centre to opposite corners of the
cube, 8o, moment of inertia is minimum
about that axis.
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6. 10. The disk with smaller denfity will have
larger radius and as I == Mr?, so the

disk with larger radius will have higher
moment of inertia.

= Introductory Exercise 9.2
1. o = +20a

_ _ I T a2 9 9
I-IdI-J'dmx -Jukx 2nxdx-x :>B=m2_m‘
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M:J'dm:kagﬂmdx:%rkj';xsdx 2x1
nk 4 oM 2. 0:91+02+03:[1wzj+(ar‘r)
=—a = k=—- 2 .
; ] [u:t L ot? ) = 20s
¥ o s
FREE T =gl
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o1 — —3 - —
:szuzr‘*L] =4 rad/s L=Lem + m(ry x vy)

j'ludt =Iw+ (- mvR)
o R LT 1 Rl
Oy —l—dt—jﬂ“ tat :EmR E—muR
Jo : s
1 ) =mvR —mvR =-=mvR
——12x =% =—Gradss? 21 2
2l =L==muR
(b) ot (1) =—12¢ = — 12 rad/s? 2

3. Lem(rx ?)=m(xi+yj)
x (v cos 45° 1 + v sin 45° j}
Y

X

dm = adt © !
-2 -2 .9 —— . x
5 2:01_{3£4tdt:10 ¢ :m(% _%kJ:%(x_y}k
S tan 60°:m z’\'@ mu A - = -
x =—(x-x+dDk=22nmrv k
2

=1 =20043 = t=Ts 5 R - 5 2
4, L:m[aiJrHjJX(ucas o i)
» Introductory Exercise 9.3

1 v .
e Y d=x
m, m
o}
U CcOs o
v
Ly = mvx + my (d —x) =mvdis a -y X
constant and is independent of x, i.e.,
position of O. =—mHucos o k
2 . 2
u® sin” o -
2. =—m-————xucos a k
2g
mu® cos o sin® o i
v - 2g

B mugcos o Si.n2 o

28

L




5. It depends upon the distance, velocity
and angle from the axis, which may not
given zero from a different point.

» Introductory Exercise 9.4

1.
Loy =Ly, = oy _}_01
2

 MR’o, _ Mo,
MR? +2mR* M +2m

2. Asice melts at pole and flows to equator,
it gets distributed away from centre (as
equitorial radius is greater than polar
radius) such that moment of inertia
about axis increases which results in
decrease in angular speed (as Iw=
constant), this leads in increase in time

period[as T =< |or duration of day and
6h]

night.
3. True : (Reference previous problem).

= Introductory Exercise 9.5

1 x=lagt? = t= I.'E
2 \ao

C oy _agt _ay | B 2xa;

' [0} o) [a) '\/ao w
2a

z>y2 =220 4

l 1 ml* 5
mg —(1l—sin Q) == —— ¢
€3 2 3 "
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o

W= 1”}3Tg (1—sin 0)

= Introductory Exercise 9.6

1. mgh==mv® + %Img

2

v
Rwcos (90° — 6)

tan (90° - 0) =

2 v
gin (90° — 0) = —
: R

(0]

]
cos 0 =—
Rwn

0=+cos™! [Lj
Ro
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3.

-

ox=v; and o(x+2R)=v,

v
w[—l +2R] =1,
©
2Ro=v, =0,
Ug —Uq
2R

m Introductory Exercise 9.7

f=f, =pN =pmg cos 0
(a) ma = mg sin 0 —u mg cos 0

a=g(sin O —p cos 0)

b Rf =1 o
p Rmg cos H:g mR%a
5ugcos 0
g=——
2R

2. Work done by friction is zero only in
uniform pure rolling but not in
accelerated pure rolling. So, the
statement is false.

P
As the torque due to applied force is
anti-clockwise, so the point of contact

tries to slip rightwards and friction tries
to prevent it and so acts leftwards.

. As during rolling down, friction acts

upward which exerts a torque, thus the
angular momentum of the system is not
conserved. Even if we take axis of
rotation at point of contact, then
component of weight exerts torque, so,
statement is false.

. Force of friction will be zero, only when

there is uniform pure rolling, i.e., there
is no external unbalanced torque.

Thus, @ = Ru.

F +F,

F s P .. and QZM
M

as, a =2ra
F,+F, ol

TR
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sotan B >p
And for toppling,
mg sin 0l mg cos 0
2 2

SLotanB>1

(a) Cube will slide before toppling if
tan 0 <1, i.e.,p <land

(b) Cube will topple before sliding if
tan 8> Lie, pn>1

1 =2RF =lo. = u=?F;a =0for

F=0
i.e., even a slightest amount of force can
initiate motion of the disk.

7. Acceleration of point of contact is zero
only when there is uniform pure rolling
and no slipping.

p For rolling without slipping on
» Introductory Exercise 9.8 homomalgplane, F=0 =

1. Impulse, I, =Ap=muv
Angular Impulse, I, h = AL

= fu=s Mt n=Cmity
51 a

muh =ngu = h=—
5 B

For sliding,
mg sin 0 >p mg cos 0

AIEEE Corner

= Subjective Questions (Level 1) 2. 1-=1, +1,

L.ey2 =1x (1% +2) +2(3% + 4%) =55 kg-m?
4 3 \l} i
0] : : 0
1 3 [
2
2 1= 4 = Ll
12 2
I=I, +0; +1+1 : xg—(lﬁljfz LI}
o +m?2+ e ml®  Bml® ) L 13 2 V2

=0+—+ml? +
3 3 3
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4.

6.

[Pl
&
Ma?* 1 Ma*
Lz and I, ==1I, =
e- % D gme 18
’ILM+M:|:
R= \f
= E? -%+:ﬁ:a
f'ﬂ B2 — 52
M
=,j102 -6 =8cm
r1={—-~—m2 Jrandr2={—~—~m‘ )r
my + my my + mgy

I=myri + myry
Substituting the values we get,
1 ={ AL ] 2

my +my
N
A(] 1] 0

i — dx
[}

dI =dmx® =x*1 dx =x* (ax + P) dx
=(ox? + px?) dx
L :_f;(ux3 + Bx?) dx

- pr?

4 3
In second’s clock, it takes 60 s by the
seconds hand to rotate by 2r

So, m= Hx rad/s = — rad/s.
60

'.

10.

13.

i
1 &
(u=—(13x {r)]z— 3

r’ 254

Lo = e

k
0
-3 0

=i(—9—16)ln§=—l.{radfs
25

<

o, =20,

= 0, == W,

x E =10rad/s
0.1

I
b | DO =
I

Il
b2 | =

U
o N .

] Il
Rl<B ¥ %
5

F s

§
1
1
1
i
1
1
1
1
1
1
1
1
L

Uy 9

~ 2c0s 60°
ij k
t=rxF=[2 4 -2
2 3 -2

=i(-8+6-j(-4+4) +k(6-8
=-2i-2k=-2(i+k Nm

=92rad/s

=

rode



14.

15.

16.

| I

18.

19,

20.

2 F R u® sin 20
T=TI X =—-mg=—--=-
2 2g
=mu’ sin 6 cos Bzé mu’®
= _21. x 1x (20¥2)? = 400 Nm
'L—:TIO +T20 + TBU

=0 + 20 sin 45°x 01 + 30 sin 60° x 005

- f2+15><£ 2+£_271N

1=12cos 60°x 01 -10x 0.25 -9x 0.25

_op-19_24-19 166 _83
1 4 4 20

20 2x50x2n

2 5

0:1{112 = o
2
=8nrad/s?
. o=ol =8nrad/s® x 55 = 40rad/s
B=0, +0, + 04

1 I o
==af] +oly + ol —— o
9 1 2 1 9 1

=at, (4 +1,) =2x5(5+2 =T0rad

=0k
® 20 ;
= a; =— =— =4 rad/s®
L, b

gy :E_@zlradfs

t, 60 3
v, =Ia, =003 x = =001 Nm
3

is the torque due to friction. Again,
T~ Ty =10y

== T, =T +lo,

or 1, =001+003x4=013Nm

m=wm, +of

= —20rad/s

=920rad/s —2rad/s? x ¢

=p .¢=4—Os—205
2

(As KE = %Imz is same for + )

22,

23.
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w8
2 t
, 20 2
=1x20><(lj x I 60
2 2 3
:E){E:@N
2 3 3
Tl e WD
2 t
20%x = x 8
:>t'—MR{ = =453
2F 2x 10

(a)dt=+l-dm-g‘x=,_|gx-%-2mdx

2;Tgx2dx
_2uMg R 5., 2
— J’U dx == pMgR
=Ia:%MR2a
:>a=i£,0=m0—at
3 B
=% 3Rwy,
a 4ug
1
(b)8=mut—§atz
3Roy, 1‘41,@_91?203%
4 2 3R 16p%g°
_3Rc-30 _3Rmﬂ _3Rwo
ug  8ug  8Bug
(a)t=1 o and 0=wm, — ot
:H:m_f':‘h‘i:w:gﬁg
o T 4
B =kt =12 = do=%¢a
dt I

0 k
= _F%d(s) = J;?t dt
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i s T
, —t t= ——
U
~ |Ir2x9><16=12 lllg
Vook Vk
oL B dp-m
dt

::>w=f{—10—5t)dt=—10t—gt2 T

at t=0,o=c=65rad/s

fs.'-:f:ifx—ll']t—E ¢
2

(@) ©(3s) =65—-10x 3 —gx32

:35—£ :§radfs
2 2

=12.5 rad/s
(b)@:m = db=wndl
dt

=~ 0=65t—5t2 —%t"‘

0=65x3 —5x 32 -gxeﬁ

~ 195 - 45 -1‘25 —1275 rad.

25. A= j: odt = Lf{m —3t2) dt

=12z-33]§ ~36-9 =27 rad

N=A—B=27 rad _
27 2nrad

AB(28)=12x2-2% —16rad
503 -0, =27 -16=9rad

9 rad
So, in third second, N' = sh
2nra

4.3;

=143

26. 0-6t -2 = =20 _g_¢
dr
= w=0att=1s

5 0(0)=0 and 6(1)=6-2=4rad
_6M-0600 4-0

My, =4 rad/s
4 1
Op —0;  0-(6-6x0
(I'av = F~
t, -1, 1-0

;
= — G rad/s?

27. 1

L=m-vcos B-r, tan 92@21
dx

1 1
=1x2x—x4 = cosQ=—
2 2

=42 kg-m*/s
m 12 2 % 417
28. I=I, +I, =3 + 3
3 3
ml®  8mi*
=t =
9 9
L=In=ml’e

29. L=mur+lo

ml?

= —(va 4 ngzm) k
= —z muR k
5

30. L=muvr+In
= —[2va +(mR2 +-§—mR2 ] o)] k

= —[2va + % va] k

:—Q muR k
3

31. Aslo=constant = T =« I.

With increase in R, I increases and so is
T. So, length of day will increase.
32. [y =lytn = oy =;—1 0y
2
1

= 2 Ly
%MRQ + mR? sin® @

S S,
M +92m sin® 9

MR?

1



1 1><5rad!s
1+2><0.2><§

=irad15=§radfs

1.2 6

33. Loy, =(I, + mr®) oy

[ ey

2 (\Jl —0)2
10x107° x81x 107" x 90
- 100 —90

=729 x 10~ kg-m?

Loy =

=

34. () o, =—Law
I,
I, +2mr]
_Io +2mr22.
B 16 + 8 x 081
16+ 8 x 00225

_ 808

Wy

= 05 rev/s

x 05 rev/s

=227 revis
1
(b) E, =§1,m§
:%(16+6.48)(rc}2 =399J
1
EJF :EIZ&\E
1
2
() AW =E, -E, =181J-399J
=1411J
35. (a) (%MRQ +ng]% =% MR
1M +m
= U)=‘—'—‘2 1 O]
2
_M+2m
M

b E, - % (%MR2 " mRz)m%

(16 + 018) (227 x 2n)% =1814

Wg

36.
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_ 2
MR? (1+%"J of

2a
fied_____  }»Fcoso
fq
a
fa
Feos0-fi=m-2a ...(d)
. 1 g a 1
-fL)R=Iu==-MR*.-—=-MR
(fi - f2) o o g a
i # =f =%Ma .. (i)
While, f, + f; =Ma (iii)

From Egs. (ii) and (iii),
fi= %Ma and f, =iMa

Fcosﬁ—%Ma=2ma

4F cos 0
=50 = —
3M +8m
£ _3M 4F cos O _SMFcosG
"4 3M+8m 3M+8m
M 4F cos® MF cos 6
and f; =— =

4 3M +8m 3M +8m
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— & ...2
37. - ::»f—gma-
) re— 2! . o T
= mgsin 0 - f =ma = mgsinf =—-ma
T 5
—a 5 . 2 .
F-T—f—M La=—gsinh and f==mgsin®
f a:>F—2f={M+m)a U 4
T-f=ma (a) For minimum value of p,
fR:Iu:%mRzu::' f:%mRrx f=umgc038=%mgsin8
Ro—-a=a = Ra=2a = f=ma orp:%tan9=%tan30°=%=umm
s F—=2ma=(M +m)a 5 25
= F=(M+3ma (b)a=?x10xsjn30"=7miﬁz
F
La= H min 1
: (¢) For,u =0 — _—_
M +3m K 9 7~/§
38. F = f =pmg cos b

a=gsin0—pgcosh
=g (sin 6 —pncos 0)

2 _gll__1 ¥8
2 743 2
:5(1_1J330mj 2
F F
F+f=ma 1) 40, " Im
5 M o
(F-fYR=Iu==-mR 0 == mRa 4] 11 0
2 2 ! 2]
1 |
F-f== B 11
F=ams e L ge_m@D  amP?
3 1 mt=lo= M=
W F=—ma and f =—ma 3
4 4
. 1 ~ I, ==milo
fl:uu.x :pmg:—ma:>a:4pg 3
g 41, 7
=F =§ma=gm4pg ;
max 4 4 U | 0
=3umg =3 x06x4x10=72N |
2
(a mv£= 1M’L2 +mI—~ [0
2 13 4
L
muv
2




12
9x12x2

AR IAXS
24x81 9

y EQ" ) gm 21

2m

472
(ﬂ)@am%{?u +u) !

where,2u =lo+v = v==Ilo+2u
Aml® @ =2m (du —loy

6mi®w=8mul = m:S—u:ﬂ
6l 3l
U:-—ﬂ+%:2_u
3 3
3m - 4l*

(h)Tm:Qm(v§u+v]l

where, V3w =ln+v
aml® o =2m 2V3u —lw [

= 6mi%m = 4V3mul
V3 - 4u
—* —
6l
V3.2u  2u
3 NEYS
2u u
v=~8u—lo=+8u——"——="_
e B 3
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= Objective Questions (Level 1)
1. I = Mk?, which depends upon, mass and
its distribution about an axis.

:
Wi lMRz R 25
LI
\M M 2 2
1
ot — — ot
$. N=2=— 2
I on
1
2n 47
2
1725 x x 20
_ 60 =1725=287

4n

4. In pulling hands closes, external torque
is zero, so angular momentum remains
constant. Due to decrease in moment of
inertia, angular velocity increases and
KE increases.

5. I=1me
5

6. Masses cannot be
distribution is not given.

compared as

7. Asthe displacement of point of contact is
zero, so work done by friction is zero.

8. Due to melting of ice, water spreads on
outer side of the pan, increasing moment
of inertia, which leads to a decrease in
angular speed due to conservation of
angular momentum.

1 I
Rotational KE 2

Translational KE - ;M 2

9.
v

1 2 v?
Z-MR S

2
r

= v = constant, irrespective of the
inclination, but time is different because

10. As, Jrn,gv?z:l.mv2 +11r'm2 :}(m + LJUQ
2 2 2
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I1;

12.

13.

14.

15.

16.

Mechanics-2

of different acceleration due to different
inclination.

Moment of inertia is maximum, when
masses are at maximum distance from
axis.

mgsin — f =ma and fR =Ia =%a
I
:f=R_23

2 2
L omgsinf=f + fﬂ;R =[1+m}R ]f

sin @
S =
I
mR?
4=

1+

d

fS o mRZ

D

5
1+§_3

“1:2 6

As, there is no external torque, so
angular momentum is conserved.

As torque due to friction about any point
on horizontal surface is zero, so angular

moment about that point is conserved.

3 1 3
=—x+—tanB=—
YTy 4

=0=37" = 0059=§

Y.
v=5m/fs

12 f¥r-=2iemee

L=mvr=3 x(Sxéjx l:ﬁkg—mzfs
5) 2

Due to elastic collision, velocity will
reverse and not angular velocity, so it

17.

18.

19.

20.

will take some time to again settle to
uniform rolling. During this time there
will be sliping and its rotation will stop
for a moment.

Moment of inertia about an axis

perpendicular to the plane and passing
2

through centre of a square plate is

and about an axis passing through its

.1 Ma®* Md® ,
plane is . & R 1, is same for
AA’ and BB'.

Due to clockwise torque, the spool will
move rightward and so, will the centre of
mass.

Iy =2[0 = o=20

K, =%Im% =K, and

Ly

T e szdm = !;sz 4mudx p

2R
2R
=dnp J-R tdx :% pac?

R

.:gnpmzﬁﬁ-fﬁ)ziginpﬁs
2R
M:Isz»ﬁim:dezélnplxa
R 3 I
=§r:p (8R® —R:J’)z%npRH
_ 3M 124 3M
& pr= s =>I=—m 3'R
287k’ 5 28nR
=9 ype
35



21. A{x}=l+?x=l{1+%}

I =fx2dm = I;xgk(l - —';—] dx

3
=)Lr 22+ X |dr
0 I

- —
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20 1.,

.2gin® — ==L

g -28In 33 o)
f6g 0
= =, |— 81N —
VL 2

m m
25. n =| —2—|p andp =| —2— ]

2 2
I=myy +myr

Substituting the values we get,
Mty 1o

I:J‘dlzszdmzfxg -o-2y dx

=2GIJC2 -xtan 0-dx
1 Loz
=Zctan B-jxadx =2c:rtan€l-zsvc4

0
= %cﬂl tan Ocos® 0

145419 33 ol

2 J3 16 32
M:Idm:jn-2ydx

1 L cos
=2ctan Bjxdx =2crt.an8-§x2

0
=ctan 0 L? cos® 0

3J3 4AM .,
=23 % £
32 J3I2
M (Lsin 45°)%
3

. 012 2
ol FRLEHEAT +M(%5m45°)
12 2

=§-ML2
8

27. I =2.
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_Mz Z{MLE L9 ML2:| that is why both of them_have same
3 8 moment of inertia. {As L= 7 MR? ]
= MI? 1 4 1.9
3 12 4 30. W5
= 4 +1+27 I
12
_ 32 1.5 r
12
8 w2
3
2
2 2 2 2
28, 1=2. M | M  y |- o 1=2le(£5ee45°] gin? 45°
3 12 4 3 2
2
e 1ine Bins _2gp2 11 M7
—ng +EMZ +§M£ 3 22 6
A1 e 10500 M=x-£sec45°=—1—:l—
2 3
29. Is both have same mass and same w o x‘!_
radius, i.e., same distribution of mass, N2 6 6v2
JEE Corner
m Assertion and Reason gMﬁ - émvf
1. It depends upon the axis, whether it is ) y 253 "
parallel or perpendicular to the plane of My® = ﬁ muy
rotation. So, assertion is not always 1 9
true. ~“Mv? = —-mv]2
2 42
2. Due to anti-clockwise rotation, friction 25 1 2
will start acting leftward, for which W P
translational speed will increase and 15 21
angular speed will decrease till the 9 "1 Top

moment, when pure rolling starts. So, Y
assertion and reason are both true but = Emvl <K

not complete explanation.

8. Hisliow ephers hue Targer mioment of 4. Reason is true explanation of assertion.

inertia, such that it has lesser rotational 5. Reason is true explanation of assertion.

kinetic energy, so assertion is false. 6. Reason is true explanation of assertion.

Rg +Kg =Ry + Ky 7. As one goes from A to D, distance of
1 n 2 MR2o2 + d M2 CM first dc?creafse and then increase, so
2 5 2 moment of inertia also first decrease and

2 245 1 o4 then increase by applying parallel axes
# 3 TRk 2 G theorem. So, assertion is true but reason

B =



9.

10.

11.

is false, as perpendicular axis theorem is
also applicable.

If linear momentum is constant, then
angular momentum from a particular
axis remains constant as the projection
of distance remains constant. So,
assertion and reason are both true but
not correct explanation.

[
Up =U+ Royug = \JUQ + R’
and vy =v—-Ro
= Up >Ug >U,
So, assertion and reason are both true
but not correct explanation.

Reason is correct explanation of

assertion,

Here, reason is false as when plank was
at rest then work done by friction was
not zero.

= Objective Questions (Level 2)

1.

- T

f
T+f=ma= T=ma,f=0,
T—f=£ot=nm i
r

mg—-T=m 2a m |2
= mg =3ma mg
> a=%2

i.e., acceleration of the ring is -g— while

that of block is 2?"5;

Here, f =0
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> ma=—F=5N

o f=2ma-2x5N=2N
5B

+ o
12 4

mﬂ.z i mﬂ2 =z mﬂ'2
12 4 3

» ma®
12

mg”
6

2(2 1 1 1 9 1)
=ma® | Sx —+—x — 4 —x —
3 16 12 16 4 16
ma2[2 1 9]
= S

16 (3 12 4
ma® 8+1+27
L 4
16 12
3ma*

16
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4. r:ri,g}‘?=%i".~w2 +l-gmv2 L 2

=—mu
25 10
mu* =£mg
R 7
it 10 7
N =mg + =mg +—mg =—mg
7 7
5. F+f=Ma
F- ziu:lMa
R 2
F

:2F=~3—Ma = a=££
2 3M
1 1

6. f:F——Ma:F—EF ==F, towards
2 3 3
right.
7. 2g—T=2aandTR=Ia=I%
:>T=£%—
R

Further, p = mv = m(Rw) _2ph+R)
3R
i R
Solving we get, h = =
9. 7, =€ and T =
2 4

s Tp <T
10. Mg —T =Ma,

While, MgR =%1‘va2@2
_2

= Clg

Loy <y
Or Ly # Olg
11. ékxg = Mgxsin b
~ 2Mgsin 0
k

=X

12. Y.
f— X=X

~—Ji—F 0

FtdF

.. F+dF —F =dmo’x =—?dx-m2x

2
3 dF:-m;—ﬂxdx
2
_ma el 1 mwn” 2
F= 7 jxdx— 7 (I )

13. v=ro=I[(a+ bt =la + bt
v(t=0)=la=1m x 10rad/s =10 m/s,

v =10 jm/s



14.

15.

16.

1'%

a=a,jta,-D=laj-lcfi
=lbj-1l(a+bd* i
=5m/s? j-100m/s” i

Ra a
. a

For pure rolling, u = R

= & % 35 %
Here,a,, =ai-Rai+ o Rj

=o’Rj

Qo =0°R
Q e+ ()
A o C B

Here, I, <I, <lp <1,
=1, >Iplg<igandly >1,

7

Due to anti-clockwise torque by F and
rightward F, the point of contact has the

tendency to move rightward, so,
frictional force acts leftward.
For, no rotation of the spool, fR = Fr
r

=>f==F=f<F

f B f
From  conservation of  angular
momentum,

muR =3mR%*0 = o= L
3R

18.

19.

20.

21.

22.

Mechanics of Rotational Motion | 19

As N provides clockwise torque about
instantaneous centre of rotation and rod
also rotates in clockwise sense with
increasing angular speed, so, normal
reaction does positive rotational work.

L=.Jl =Im=%mf2w
=wn=3d
K =£I(:}2
2
9.7 *

X —aa
m>?

=£xlm32
2 3 F
812
2m

.

F

fi, =nmg

1=Nx- f% =0, as the block is not

toppling till, x > bi.e., % >h
2b

oru >—
h

T
T
mg N
Immediately after release, the free end
is in free fall and so, is the coin, thus
reaction on the coin is zero.

Fr=fRand FcosO=Ff
Feos0=FL
R

| r?
= pinO= ||1—

= cos[)—i —
R \" R?
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23.

and a=gsin0+pugcosH

v=at=ro=r(n, —a

g0 +ucosO) t+rat=rug
rmg

" ra + g (sin 0 + pcos 0)
04 x 54

2% }xgxc0337°
04x 2
04

+ 8 (sin 37° + ;cos 37°J
B 04 x 54
10(4+3+2)
5 5 b
04 x54
© 92x9

=1.2s

R4

...(1)

w=—0y + ot

v=—wuyR + Rat

u=—u+§ug‘t ... (i)
2
i 3N
uf2 wg
w N
7
LS —pgt=—u+o gt
) 2
.3_u.=1“gt
2 2
3u
= t=——0
g
1

=—muv
28. 1=1a

= ;F-R:%m}i‘2 v

=% f—%mRa:%ma



29.

30.

31.

p L /
(£} c
N
30° e
P = ésinSO": 1

Instantaneous axis of rotation is at
points P.
_ 1 _(mg)PC)

4 I
Further,

mg - N =ma =m(PC)a

N =mg -m(PC)u

_m(PC)? ]

=mg|1

m(l/4)*

(e Jonf 4]

L
35. Mg —=
% 2

Mechanics of Rotational Motion | 21

So, acceleration is towards centre and
resultant velocity is at an angle of 45°
with it.

2
32. F:maandFézﬁa
2 12
L mI?
or ma — = —
2 12
or Lo =6a
B :L_a—azsa—a :2{1 :2£
2 m

33. Instantaneous centre of rotation forms

an equilateral triangle, so, JA = L

v
o Lo=v or o=—
L

34. L = mvL cos 6 =constant = /o

3 mulL cos 6

I

Or (0 o % with increase of distance of

particle from origin, moment of inertia
increases, so, angular velocity
decreases.
1 M2
== N0
5
= m= /S_g l
VL o
dT = gdm + o’ xdm
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2
36. mb‘é:ﬁm
2 3
3 v
m=—-+ —
2 L
J, =mv T
. L 3
V=—-w=—
2 4 «2 e v
] Ji _*J'I
Jy+Jy =mu
Jy + mu =—muv
or Jy =—imv
4

37. L=Io+m-Ro-R =1Iv + muR
g Io+ mR?*0 - muvR
o =
I
(I + mR*) w - mvR
I

38. Asthe point of contact has a net forward
velocity, friction acts in backward
direction, which tries to bring back the
disk at its initial position.

39. r@ =vcos 30°
dt

dsec30°w =vecos30°

=m= Eccns-'.2 30°
d

_40m/s 3

30m 4

=1rad/s

40. Locus of all other points is an ellipse.
But locus of a point P such that, OP = i

is a circle.

41. When A hits ground, velocity of all points
except O is vertically downward with no
horizontal component. And Oy at rest.

= Fel
42, mg£=l-ﬂ-u)2=> m=2\f3—g,
2 2 12 l
I 1 f—g o
=o===-2 |—= = ,/3gl
a0 TN TV

43.

=10

ft =muv
Rt =In= g mR*w

()
i}

and

Friction will stop acting when,

v+ Ro=ug s (il
From Egs. (i) and (ii),
muR ==mR%0 = Ro="v
& 2
From Eq. (iii),
v+§v=v = v=gv
5 0 7U0
2
a ! —ng—pg— g
n m 7
(3]
2 ] 2
As,0® =2as = s="= d =20
2a 2(2 ] 18
Eg

48. In case of pure rolling, displacement of
point contact is zero. So, work done by
friction is also zero.

49.
3 D .
[y
7
F—-f=ma
R=Ia z%mRzu
=lmRa = lema
2 2
50. f:%ma. and F:ma+f=%ma.

Angular momentum is conserved about
a point which net torque is zero. Let this



point is at a distance x above point of

contact, so
flx)=F(x-R)
or Ema-;rc=§1*:fz-t.s{:rc -R)
2 2
or x=3(x-R)
or SR =2x
3R
or x=—

2
51. mgh:l(gmermz +lml}2
2\3 2

= Lone? & Lone? =Syt
2 6

3

[6gh
V5

v? sin” 0

2g

6gh i 9
5 95 2Th
- 2g T 125

v?sin? 0
r=—

52. H =

53.

 144h
P 125

m More than One Correct

1. 1m02+l-i02
2 2 R?
g B2

4 g
I [3 l)
D —=|===m
2R? 4 2
1
=—m
4

zp Lo %12 mR® = Disc or eylinder

Mechanics of Rotational Motion | 23

TY

Resultant velocity of particles in region
ABC is greater than that in CDA.

So, (KE) 450 > (KE) o4
Similarly,vge >vep = Kpeo > Ky
and Uop =Vps = Kpop =Kp,
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4. X Net acceleration at A is vertical, at Bit
may be vertical, at C it cannot be
horizontal and at ¥ it may be horizontal

leftward.
v 2 2
. m{___] {[m{ 9ml ) |
36 0 2m
9
” +m(5_£] } i
u-Ra=v _ 2 8 T
u+ Ro=3v mv£=m12(1+£+i) ®
= v =2vand Ro=v 3 66 326 436
5. =m£2&};=2m32m
. 36 36
Q I—___EI mlzw
I tu, I —
\ i #
3mls o EJ’ = lm:f;
! = o=-
\ I
P amis M:%mug——fma—— Smua;
P—
—%zéandi—\fxz + y? =Jc\/1+E muv =3mu
% 9 5
= = -
=%x:>x=%l=03m “ 3
1 2 lv 1 2i| 1 2
—_— — —— — — l ——
m=£=w=10rad/s 2mv 272 [3 va
T 03 m 1 1 y
[ 1 =(-“-)m”z
v, =—o==x 10m/s =25 m/s 2 3
2 1
_l[mfg mzﬂ](ﬁQ va
2[ 12 4 8. I=mk2=%mﬁ‘2
=2 it - Fvas i
24 24 4 J =muvand ./ (h -R)=Io
_200 25, Lmuh-R)= L mR2e
24 3 4
6. a+ra
I/l J—
D\T*
@ h

oL a



10.

For,u=Rm;h—R=iR

pure rolling.

5

= h=— Rfor
4

If impulse is through centre of mass,
h =R, then there is no angular impulse
and no rotation.

:nga ] f:Ema
3 3

mgsina —f =ma = mgsina

=—ma =5 g=—=g8ing
3 5g

(1)

Lolii)

2 2 g .
= COos o =—Ma =—im -—g81n o
f <umg f 3 3 5g

>i?.nr,g,r51':r1a
e 5mgcos o

=y uzgtana

lJrr.LR‘zts:;=Fm}ig +m.R2]m’
2 2
=§mR2()'
2
., o
S ==
3
\_;f :Ro)’ivr =2Rw' 1—%}?{03
| 37
Av = Ro Hl 4:N37 Rw
V9 3
= Ap=mAv=——mR
=Impulse

¥l
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A {‘K‘ Ic
| 4
\I /( :f.l.}
| I
I I/’ Ey
i
I

" - Lj” = v, =v, coth
lcos®  Isin®

=vgcot37° = g—uﬂ

v v by
[ljzl =—U =

y  lsin37° 31

= Match the Columns

1.

3.

2 2 1

I :ger,IH :§mr2,ID =§mr2

(a) As I, is maximum for hollow
sphere, it takes maximum time to
reach at the bottom. — ¢

(b) As fall in height is same for all, so is
their KE — s

(c) Rotational KE is also maximum for
Iy.-—q

(d) As rotational KE is minimum for
I, so, its translational KE is
maximum. — p

(a) As Dis at maximum distance from
point of contact, so, angular impulse
is maximum for A —» p

(b) Linear speed acquired will be same
for any point — s

(¢c) There can be pure rolling, if angular
impulse is such that wvelocity of
point of contact is zero. It is possible
when impulse is applied at A —» p

(d) Forward slipping will be there for
sure, if impulse is provided below &
ie,atC—r

(a) As the point of contact tries to move
downward, so, friction acts upward.
And the value of friction will be self
adjusting — p, s
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(b) As the point of contact is slipping
downward, so, limiting friction is
acting upward — p, r

(c) As the sphere is slipping upward, so,
limiting friction is acting downward
—q,r

(d) As the sphere is slipping downward,
so limiting friction is acting upward
—>p,r

[T
. Radius of gyration K = (—
\'m

m2a)® /3 2
K‘:\lm( ) =i

m NE]
X, _Jm(a)g /12 _ a
m xf'-?_)
K, = |ma2 /3 _a
\] m 3
K, =‘jma2/12=i
m 23
mgh == gmrzmg 4 1muz
= it =L
10 5 2
! %mu2 :g mgh =(Translational KE),
1,221,225 .,
5 5 2 5 7

:%mgh =(Rotational KE), = a —¢q

= % mgh =(Translational KE),

= b—s

(Rotational KE), =(Rotational KE),
=2 mr af?
5
2

2
==mi° =—:
5 5

2
mit

o R e

=§-f—4mgh :émgh = c—p
(Translational KE),

1 6
= g — =gk = 2 wigh

=>d—s
80

. F=—i=10t
8

fi, =pMg =0.2x10x 10=20 N

F—f:ma,fRzémRzu
f:%mRa
For,R{:L:a,F:%ma andf=%ma
Fon =$mamﬂ —20N
= F =60N =107 ¢
=t =68, i.e., there will be pure rolling

till
t=6s=>a—q,r

b—p
c—>s
f=—1—ma=£=&=10N = t=3s
3 3
d—>q

B (a)i’:l-}r:-u"2 +mr2:§mr2 —=r
2 2 4

(b)l’zgmr2 +mr2zzmr2 —q

(C)I:%mr2 +mr2:%mr2 ]

(d) 1 =%mr2 —>p



1 0 Gravitation

» Introductory Exercise 10.1
1. g =g -Ro®cos® ¢
— g -637 x 10°
" An®
(864 x 10%)?
21° x 637 x 107
T (889)°
=g - 00168 m/s”
. Ag =g —g =00168 m/s®
2. g=g-R&’ =§ g

=5 gg =Ro®
|2g 2% 10
or o= || 73
\5R \)5 6400 x 10
_ 4 B 5
\) 6400 x 10? v.flﬁgox 10°
= ;_ =79 % 107" rad/s
40% 1010
3. g=-—2% _ _084g

2
)
R
2
= 1:064-(1+£]
R
( +5)
or —|=
R

.
R
h=

I

w:-l’;‘d-hltn

=1600 km

% cos® 45°

5. F= Ichosﬁ I Mdm

GMJ'H’AZ

=——| ., —.rdf.cos® dm
r° -2 ar
GMm 2

= - j—x; cos B df

2GMm

ar’
TM m _ 2nGMm

LZ L2
Y
S

= Introductory Exercise 10.2
1.

cos B
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GM GM 3GM ;
V=Y, ¥ =~ Re R R . Gm, [l—i]:luf [1+ﬁ}
non p)
5 F 4i ’
2 g-—=—"1_-200 m/s® LI
m 20x107° 26m [,_2 "
- 200N/kg i vonT L
3. ﬁ:-—zi—vi+ﬂj+ﬂfc y
B'® "B WEREY
=—(6xyi+3x%j+3y%2j+ v’k lgg{g‘g]
4. Only the variation is given along x-axis, =hly \W
nothing is about y and z axis, so, the L 2
statement is false. |r2 %667 x 1071 2-1)
Vi V. oV s =1 20 + 30
i s _10x 10 |2 X667
20 (x +y) =—201[i + jl )
i‘:M‘E’:%[—zmhj)] _ B 10 s
vz V3
=-10G + j) =163 x 107 m/s
= F=102N My
o ) . N v, =—u, =21,
6. W=[dW = [F.ds = [ mE.(dxi + dyj) s
=33 x107" m/s
=m| E dx E d
mJ‘ + mj Y 1 lmUQ :1 e GMm
= 1]‘ 2dx + 1]' "2 2 R
[2 2GM _2GM
-0 = v=.lu
V" R
. . (2 3
s Introductory Exercise 10.3 T A
1. Escape velocity is given to overcome the = \3152 —(11.2° km/s
potential barrier and just free the =10km/s
particle from a system, such that its GMm  GMm
total mechanical energy is just zero at 9+ (1) AU—T A+ mR
infinity. So, the statement is true. GM i
GMm GM m
o R 1-—
2.K_—R = .Rm = gmR. R [ 1+n]
1 1) 13,1 g _n_ GM ( n_
3. Gm1m2 [E_EJZEmIUJ_FEm‘JU'}" —n+1-R—2‘mR— 1 ng
2 i _apr_ L 3
=%m]£}$+%ﬂv? (ii) K—AU——émv
v =
. i AU _ [2ngR
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y 2
s Introductory Exercise 10.4 4 T2 . Q‘}gﬂ
v r
i AKleU . o [t
S SO ’2 Rm =mgR r
2 R R _ 2mr 2nrr
=iy [z P
" 0 =1/2x 6400 x 10% x 10 ro V3
; 3
=842 x 10° m/s =82 km/s =11.2km/s =Y T2 = 4’;2"’
2. In planetary motion areal velocity, i.e., Gpg R’
angular momentum and total ” 33
mechanical energy is conserved. = pT* = GR®
3 i R F R,pT? =37 tant
* 3R " @RS or r~ R,p S = constan
— Emy? = % 5 m2UE _ GM,
2 4R : 2
me®  GMm —
and 2: : _ GM
4R (4R) = Ya = y(—r
- L2 = GMm (a)v=+15v, =1.220,
2 8R While, v, =\,u’2_vﬂ =141, so, the
=5 i - E = E 91 satellite will not escape from the
K, 118 1 planet, rather it will revolve 1in
—-GMm elliptical orbit.
U R 9 (b) As, v, =v2v,, while, v=2v, ie,
= =T-=2:1 the satellite will escape '
Uz —GMm 1 k 1 pe.
4R
AIEEE Corner
= Subjective Questions (Level 1) 2. P
GM
L =t =0 /;:ﬂ\
m, r i d
667 x107 x 2 :
T ;e B-—————- -i- ------- -
(LQ) m m m
=8x 20 101 m/e? 4 B LB
3 Gm Gm "
_10 5 =— 2 5 . Cos 45
=53 x 107" m/s d (v/2d)
L _F _GM, 1 NPy
2 m2 rZ 2' 1 dg \/ﬁ

~265x 107 m/s?

And the net force is directed along PB.
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3.
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4m 3m
m 2
= G'm:zmcos 5°
“(a2)?
_4\."2Gm2
{12
Y‘
o
F=2G'Mgf c0s30°= “’@G}f
2a) 4a
d+{ G.M.)dx 1yd+l
F_.[d x—z_Gm(_E]d
_omn |11 | GMM
d d+1) dd+1)
_GM
TR
GeM 1GM g .
- ___:_:49
g ARZ 2 R 2 m/s
@g-GM ,_ GM __1GM
RZ ’ '(.R+IR)3 4 RE
=%g=2.45m/52
GM
(b)g=R—2and
'2%”:%@—}2}2}.
R
1GM _g )
=———===49m/s
2 R‘.’. 9 l'l'l/
%(R_l)= GMQ
E (R +x)

>{R-0R+x*=R?
=>(@R* -2*)(R+x) =R?
or R® + R*x-x’R -x* =R®
orx? + x> R—xR% =0
0rx2 +RJ‘.‘—R2 -0
2 x=é[—Rim]
=%[-R+J5R]
5 -1
2
2
9. w,=mgandw, =mg-mw'R

-

R

(86400)*
4x64%x1072
=1000x 0997 =997 N
=g-o" R=0

:)m:\,{gf—R:i;

3
~1000 [1 - M}

=1000 ll .

10. g apparent

R (6400 < 10°
- T=9m B =WM
Ve 10
=16mx 10°
=5026.5s =14h

and o= [g/R = 10—

/6400 x 10°

= =125x% 107 rad/s

1. gh)=—2E _ —g- R
(1+
R

~ 'R =g[1_(1+ %J‘Q] . [2};

R
w’R? _ A2 R2 _ oR?
2g 2T2g T2

orh =
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_,[ 6400 10° =~@{1+ 4y ]
T 86400 y 12R - y
.V
=2[6“°J ~1097 x 10°m = 11 km BV
864 " .
y
= ——1+
m 1 21GM
. 2 R
12R +3y 105
4 R P T oy W
) y(lZR—y) R

. 12R® + 3yR = 126yR - 105y°
or 105y —96Ry + 12R* =0
e %[9.5 + 96 -4 x 105 12]

There is no gravitational field at P due
to outer shell, so it has no effect. Only

m, has an effect at P. Thus, R
~ Gmm  AGmm Za[gﬁiﬁﬁ]Z'?.’?R, 1.5R
[Rl +R, JQ (R, +R,)’ 14, :
dm i
2 % {
13. M aM \_
i E’ ““““““ i dE
12R j
a) g = LM(Z gives field to be E= j dEcos 0
% (2R ~4) —. hrd0.cos 0
zero at P.
12R—x_2 26k 26 M ZGM 2GM
x 2 Ln?

= 12R =3x=> x=4R
(b) At the surface of second sphere,

v-_G4M _GM 15.

2R 10R

=M (2 i)
R 10

_ 21GM

R
At a distance y from the smaller sphere,
Ve GM G4AM

¥ _(12R—:v)
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GM  AGM

(3 ]3 © 9q?
—a
2

G2M _ 8GM
o) ™

(a) EP = and

(b)EQ =

2

16. M =Idm =I;p.4ft?‘2di" = j:; Po? 4mr2dr
r

= 4np0a_‘: rdr

=4np, ax %ag
=2npua3
_GM _G2:r:p0a3
C2a)?  4d’
_nlpa

N

17. m

Vp =V + Vel

point

Gm Gm

R2 R

18. %muz ==m(2/gR)® -—

. 4 s 2
19. (a}Ex%muz - GM? (5 1]=GM

r r r
G [667 x 10711 x 10%°

u =, =4/

Vr 10"

=10*/667 m/s =817 x 10" m/s

=82 km/s _
1 . 1 1
b)2x — Mv? =GM? —
iR [2>< 10° 10‘°J
[ 10'° —2x 10°

v= [GM —————
\] 2x 10%

667 x 107 x 10%

B V 2% 10°
667
=107 [2=L
\J( 2
=1.83x 10" m/s =18 x 10* km/s
2
20. he U
2g-v* /R
332
= 10x10') ——=25x10"m
2% 981 — (10x 10 )3
(6400 10%)
=25x10* km
21. 1mu2 =GMm
2 R+R

e

:}v:‘j% :\;"%:\,164x 105 x 10
R
=8 x 10°® m/s = 8 km/s

22, (a) G G
UA —UB=[ x400x1+ xlOOxl]
2 8

_(GX4OOXI+GXIUOXI]
8

9
-100G (2 + 1) g 1006(1 i 1)
8 272

~100G x 2 920 x 6.67x10711 J

=75x107 J

(b) For E =0,
G = 400 B G = 100

2 (10-x)?

=2=x= @ m, Le., the particle
10 —x 3

has to be given such a velocity, that it
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can travel from 2m(A) to ? m, then PE =- i
r
after it will reach at B ; o GMm  GMm
x Ay _[G*400x1 Gx100x1 TE“Z(KEJ“PE)‘Q( TR ]
AR 2 8 __GMm
Gx40{]x1+G><100><1 é-MQ
20/ 3 10/3 (b)PE =221
I 6 3
=100G (2 + E} -100 G {T{_) + 1_6) o TE=- 2GMm and the satellites will
r
=1225G =817x10°J start falling towards the centre of
23. (a) oM o e‘mg s
TE =AU+ K -GMm _GMm 1 o 26 T=""4
R 2R 2 LI
_GMn 1 GMm 3 GMm 3 . e, 28 B, [OOE
2R 2 2R 4 R 4 R R ) VR
=%x2x103x10><6400><103 anid T:zﬁ(f;’_ as, T « R¥
3 10 10 a2
=2x6.4x10" J=96x 10" J
o i " T_Bz[R_a 9% _of5
(b) TE' =AU + K T, \R,
= GMm GMm 1 GMm = T, =56V2h
G (27O . PHLTNY
( J UA MRB '\-@
2rRR
=§mg =§><2><103x10><6400x103 T=""X
6 6 NG
=2 64x 10" J=107x 10'°J GM  2:R
4 + R
Energy needed 9 % 10
=(107 -96) x 10" I =11x 10'°J R By = km/h =2244 km/h
GM? mv? 28
24, @F=""r="r v,
4R R vy, =—= =1587 km/h
(& V2
(b)vzﬁlﬁ’ v, =v, +v, =3831km/h
— rel A B
p_2R__ 2R 4RVR 97, (@™ _GMm . [GM
v JGM/4R  JGM ) r 2\ r
2
p=Y LM f657 x 1071 x 6 x 10%
. B, T\ 8400<10°
¢’ x
25, (DEE=imf=l 2 .
2 2 r =69 x 10® m/s =69 km/s
_r GMm _GMm 1 1

(b)) K =§mvz - 10% % (69) % 105

=238 x 10" J
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28.

29.
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fef, e GMm
7=
667 x 107" x 6x 10* x 10°
8400 x 10°
=—476x10°J
21 x 8400
=2, PR iy
v
Mv:  GMm
R2 R?
GM 2nR2  2rRJR .
2us= o0 T= YR )
V2R v JGM
2
For earth-sun system, P GME’m
R
= vy = }ﬂ and
* VR
T - _2tR _27RJR D
U, JGM

From Egs. (i) and (ii)
1 2RVR T, 1
2 JeM 2 &

(a)

E

yr=071yr

_GMm _GMm GMm[l_ R ]
'""R R+h R R+h
=%(1 3400} 15 GMm
R 7900) 79 R
r m? r GMm
2 2T 27 2
_ GMm
2R+ R
- GMm | R ]_GMm[ 6400
R [‘JR+?:__ R 2x7900]
32 GMm

9 R

=E, >E,

So, it requires less energy to take it to
1500 km above, than to put it in circular

orbit.
GMm

h _ GMm
R+h 2(R+Ah)

= h =R/2 =6370/2 =3185 km. Thus
for 3185 km height, energy required
to lift and that required to put in
orbit are equal.

(¢) Similarly for 4500 km, energy
required to lift will be more than
that to put it in orbit.

= Objective Questions (Level 1)

1.

Centripetal force is required for circular
motion, which is provided gravitational
pull by earth on satellite.

In planetary motion total mechanical
energy and angular momentum (areal
velocity) are conserved.

Due to rotation and earth,
By =& - Ro’ cos® ¢, where ¢=90° at
poles, such that at poles g _, — g, which
do not depend on rotation of earth.

The particle has to be fired with escape
velocity, which is independent of angle
of projection.

__GM 3
Vo ==z dV == =
M

:——Su.xdx

AV:+—ﬂfJ'rxd ——ﬁl(ﬂ2 r?)
R?

L Vo=V, +Av:_%_@+G_M 2
R 2R 2R?
_3GM GM
—_— .,
2R 2R®
is the equation of a parabola



(assuming earth to be of uniform
density)

6. In electrostatics, J:ﬁ(rs -4 and in

&o

gravitation, — i; E.J)s = 4nGm

as ¢ =m and ! =G.
dne,

7. In centre of mass system, o, = o,

= T,=T,

8. Field inside a shell is zero, so, a mass
placed inside it do not experience any

force.
o, 7 2R _ 2R _27R
’ v [GM JGM
VR
T2 R2 a/2 (1)&,2 1
s — ] — =| =- = —
T, LB 2 2.2
365
T, =—=129da
2~575 ¥

10. In planetary motion, %‘% =constant

=3 AA = AT
My Ty
A o) D
A 1
=% pmat =
24 T,
= T1=0._5712_
11. T = r—’get‘t’_g[l*_]
T, _[&_[ &
T V&,
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GM
12. g=R—2
- £_M
G R?
—a
h g
13. = 1+—= . -
e g[ R) 100
B
= [1+—] - 100
R
= 1+£=10
R
or h=9R
mRY? T R, 3z AR\Y2
14. T=:,_2=[_] =[_)
oM T, | R R
=92% =8
= I-=8T
T, =(84) x 8 min
15. g —g-a*R=gP
= {1)2R=gf2
-
g
= - | &
= 3m
Lom= ‘170
2 x 6400 x 10
1
=—_— _radls
842 x 10*?
=88 % 10~ rad/s
16. Atcentre,V, :—SGManth -_—_G_M
R+h
1
Vfl :EVL‘
GM =§ GM
R+h 4 R
=% 4R =3 (R + h)
= h=R/3
GMm GMm
{55 TF =D gy GMm
¢ R h 4R
GMm GMm 3 GMm
R 4R 4 R
:EfngR
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R Y2 1 1 1 1 1
18. T'= TG is independent of the radius = Fg = T—m! T "6 21
of planet. :i:i:;:T =8h
[ 24 8
19. v, = |ﬂ 2r 2 =W
" LD G s
B lfz x 667 x 1071 x 734 x 107
= v 17 x 10° A 23. According to Keplar’s law, T2 o g°
A
~103 ’2 x 667 x 734 s 24. External shell do not produce any field
\ = inside, so, E oM,
g inside, so, & =
=24km/s =2.4 x 10° m/s a’
4 : i
o 8= R% 25 t=f OB o,
20, g=—- -3 __ 2 2
& B 26. U=U, +U, +U,
=§nGpR o piR zo_GmE _ZGmg =_3Gm2
e R = R = a ) a 1
L %1 By Ay _36m® _3Gm® _3Gm’
= R,=-1=R/2 — 2 2
27. v, = XM 1mu
21. geﬁ:g—meorgeH:O, e YV R T2
oz ] 1 _GMm _GMm
=,&8/R= |————rad/s =
OVET = 6400 10° R 2R
m= 4 rad/s, presently = e
800 ¥ : 2R o
|
o, = & _ & rad/s &< = 1}?
T 86400 i 1
o _ 86400 — =
= =17.2
0, 1600n GL;\} 2 -
m
= 0=172 0, =x0, 28. U=- y 8w =TTy
= =172 __ 1 GMm U
22. O, =0+, amr  r 4mr
1 1.3 < Y
— = — W =mg,, ar
Trcl Ts Te
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JEE Corner

m Assertion and Reason

1.

As PE is proportional to negative of
inverse of distance that is why PE
decreases with decrease in separation.
Thus assertion and reason are true but
not the correct explanation.

Same explanation as Answer 1

While going from A to B, PE first
increases, becomes maximum at middle
and again decreases. Assertion and
reason are true but not correct
explanation.

E=- % at zero, slope of V-x graph E

is zero if E is a function of x only,
otherwise ]_EE =—V V. So, assertion is not
always true.

1_, GMm {'1 R }

—muv - and
R+ W

2 " R
m4UZZGMm[1_ R ]

=
2 R R+ I
,_ R

R+kh K®R+h
. B hR+k)

R+h
= 4hR + 4hk =RI + hi
=4 hR = Ri -3hk' =(R - 30k
oW =4h—T a4k

R-3h

4 =

So, assertion is false.

In planetary motion, angular
momentum of the planet is constant but
it is not true for the system. So, assertion
is false.

Only geo-stationary satellites are on
equatorial plane, not all. So, assertion is
false.

Reason is true for explanation of
assertion.

9.

10.

11.

Assertion is true but reason is false (and
even Moscow is not at equator).

Both assertion and reason are true but
not correct explanation.
As, U=—GMm,K=%mv2 and

E=U+K=_GMJ
2r

r

GM : :
=——, so0as R is decreased, g increase,
g R g

thus assertion is false.

= Objective Questions (Level 2)

1.

2.
3.

4.

GMm mv* _ GMm

E = ] = G
E IR 2R 4RZ
|GM
= U:v_
2R
Finally, E, o A - —1-2 Av?
2R 2 2
=— + mv
2R
AE =E, -E, =—GMm+mL:2
GMm a
+ =muv
2R
GM 1 GM 1
=m. =—.m——R=—mgR
"R 2R 2"
See : Q. 5, P-92
See : Q. 5, P-123
F:IdFEOS B:IM @

(3a® +4%)? 2a

:E GMm
8 a?

GM*? . GM?*

- 2c0545 + S
R (v2R) 4R
GMz[l 1]

—=t—=

V24
leM 4+2 oM 242 +1
'R 42 \ R 4

U=
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10.

11.

Mechanics-2

1 5 GMm( R']
_y | ] -
2 R 7,
or .l_mhg @. =_(WJI.(]_—E]
R R r
B g
r
or ri= L
_GM'
yz
G M 4 4
= Zny? == npGy
¥ TER‘E 3 3
3
2
mu
szgeﬁ_ R
=m(g-a?R) -
& R
2 2
— ()°R v
g Rg
[ @’ R vz}
_mg l_ =l I
g8 Rg

(@2 R=o? R-22 .0R
R

=o' R-2vn

[ (oR -2v)o uﬂ}
=mg|l-— -
g Rg

According to Gauss’ law field inside the
cavity is uniform and depends upon the
mass of sphere of radius a.

U,:—SGMm
L 2R
1 ., 3GMm
—mu? =
2 2R
or v = @zﬂizlfgv
V'R \/‘ 2| V2
B GM_—th
&= r2“5 B dr

12,

13.

14,

15.

16.

r-2‘5+1 r
=+ GM
—25+ 1l )

_-GM -2GM
Mv? =2cos 30° GEW 2,_,
(v3R)
_ GM*?
T \BR?
5 im [E
\’J:?R
T? xR® or TxR* or T?* xR or
T2 oL
VR3

So, graph in (a), (b) and (c¢) are correct.
AW =AU + AK
= AU =AW - AK
BBl x 8
2

==10J
AV=2Y _ j00/ke
m
lmv2 =Zcﬁ
2 V2R
’_7
f
Sv= VI%?GM’ it is independent of

angle of projection.
Gm2m Gm3m G3m2m

U, =t
a a2 a
=_5Gm2 _3v’§m2
a (1]
2
=-G™ (5439
]
u, =0_Gm3m _Gm2m B G3m2m
[} a a
__11Gm®
4]
2
AW =AU =™ (11-5-3.9)
(43

zsamg(l_é]
a



17.

18.

19.

20.

1 », GMm 3GMm GMm
—my® =-— + =
2 R 2R 2R
lGM
:, =
\'R

NV

Mnuv R:mu(R+E)
s 2

_ GM
B Uzgnve,ve :\"T
_Gﬂ;m _GS_Mm :1 minv, )2 -—1 mu>
R

2

1 GMm 1 2 a9 4
or §_R =§mn Ue —§
i, lGMm =£mnz 2GM é

3 R 2 R 9
or n:l% =06

2mu — mu = 3mv
1 i 3GMm GMm

2 2R R
i f
VR
A=+ BB 8 Login
2R 2
orGMAz—l’l.G_M
. 29 R
2
A_Ezl:Azﬁ
Visaal 3
v, =+2gR and
v R
e | g
1 =VRI 1 =v@=(kg)”z
Ves 283
Fz_ﬂz_ﬁg mu
dr r

24.
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E=U+K=2"4+3r =512
=5x 5" =625J]

A2 12 4g
e e(] )

F=mg . =200x %x 10=889 N

-2 2
x muv
23. 1+=— =
mg( +R) R+x
{ 2
= v=|gR+x) -
\lg (R +x)?°
=|4‘J’R2
VR +x
4 3
G.~ nRpm 1
F] =34?=§TEPGMR
3
G“inRapm G g pm
Fo-_3 __3 8
2 AR? QR2
4
=k npGmR —EanmR
3 27
hA_1B _ 1 9
F2 1 2 1_2 i
3 27 9
= F_sz
F 9

Options

]
[
(R
SR

glfga =

U(:’ = V'2gR

=59, Y, Yy =\,I'g1Rl :X/gng :\/gHR3
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2.

4,

Mechanics-2

=1

B | =
| =

v v
3 _1:i22&nd_1 :i:a
; 12

Uz UL!

A geo-stationary satellite revolves at a
height 36,000 km on eqguatorial plane
with a time period of 24 h.

Particle performs SHM inside tunnel
but not outside surface, so, if just

performs  periodic  motion  with
amplitude, (R + &)
then
Emvg _3GMm _GMm GMm
2 - 2R 2R R
[2GM
= p= |—
V'R
B = ‘192m2 _G_rzn
(r—x) x
=Gm LQ -ig atx=0andr,E ==
(r-x° «x
So, field first decreases and then
increases.
V() =_[62m + G_mJ
r—x X

o
r—=x X

So, V first increases and then decreases.

As there is no mass inside B, So. field

between A to B is zero, ie., potential
between A to Bis constant.

G_m _ G3m

2 y2
Potential between B and C is not zero at
any point.

On exchanging masses, potential at
centre remains unchanged, but field
strength increases and its direction also
changes.

1 will stop at minimum height while 2
will have a tangential velocity.

10.

(Reference : Q. 18; P 132); and particle
2 will rise lesser height than 1, as 2 do
not looses its entire KE. And particle 1
returns earlier.

While going from A to B, KE increases
and value of PE decreases, where speed
is minimum at A. Angular momentum
remains unchanged.

g - GMm
R
y, - GMn
2R
E 1
:?1;15'2 =U, +K, ==U,
__GMm _E,
4R 4
K 1 E
2 :“EUz =

1
v = /m, so, v, =2v,, T oc =~
v

= T2 =% T1 asv « +/GG so with increase

in G, v increases and T decreases.

= Match the Columns
1

Er) = = ER

R
decreases continuously from A to B.
a—q

U(r) =i.e., From B to C, PE remains
m

for  r=R, ie, PE

constant = — forr<R=b->s

Speed from B to C remains constant.
¢ — s As between Bto C there is no
field, So acceleration becomes zero and

it increases from Ato B. d > r
m
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Gravitational field at centre is zero, (d) V(2y) = —i—M = ;—y = % x—q
a — r. Gravitational potential at centre GMD: é M
5Gm 4 AW = AL AR
= =b-os R 2R
r & 1 GM
With four masses, £ = —— 2 R
r
1
:.»c—rpandV=—4Gm _Eng:>a—>r
' m? _GMm _ 1. 1GMm
& :ing: b—p
s~ Loay= LGl _ Qi)
2 2\ 2R 3R
_ GM :iGMm—ing::-c—rs
x——T 12 R 12
an e AK:[_\U:Gflr!’nfl_Gu’l-fn"a
@g=—"F=-—p=—0or B 3R
4 = Ty mR—lm R=d-r
o Vi - 3GM , GM y* T
2y 2° 4 5. g=maximumatr=R=a —¢q
LS B, s bl
5 2 8 5 B g=0atr=0andr=ow=>5->p
11 V =minimumatr=0=¢ — p
=Ex—>s 3GM
2 - o1 dy 1 «x 8
©gly2=g|1-5 gy V=0xr=wo=>d-s



11 Simple Harmonic Motion

m Introductory Exercise 11.1
1. Flx)=x® —6x
F, =F (x + Ax) — F(x)
=(x + Ax)® =6 (x + Ax) —x” +6x
2¢ Ax — BAx
—(6 - 2x) Ax
-6Ax for x=0
=—kAx = k=6N/m

2. u:o),..Az—\cz
;vA‘ —=£A0)
KE=—mvz=1 SA‘m
2 2
:E}mA o
4 2

:% (Translational energy)

PE =Translational energy - KE

=Translational energy —% (TE)

- i (Translational energy)
3. U= m\llA'E _ x2
o2
= A= |—~ + x
Vo’

2

2.18 x 0.25\2 ‘
" '[;J +(0.05)?
V 2n
= \,"6.66 75 + 00025
=001 =01m

=10cm

x = A sin (ot + 0)

% 5 1

o PR Y UL S

A 10 2

=sin (ot + 0) :sin%

n
=ol+0==
¢ 6

. (a) Maximum displacement

=15 cm = Amplitude.
2r (E
b)) T =—=2xr —
L [0 —L\Jl k
—9n [2 _ 2n
V150 543

(c)v =l =1.38 Hz
T

=073 s

(d) TE —Em o’ A%

150

:%x2x—x(0.15}2 ~1.694

(€U, =Ae =015 x \/@

=015%5+3 =075/3 =1.3 m/s
A=10em

8 cm =10 sin mtl and 6cm =10 sin wi,

T=2r, /_ o) L
Ve “y4x10° 103 100
. wip =sin” (E)=53° _dn
5 180
and of, =sin” (é] 37°= ~ &%
5 180

1/53x 37=n
b =L
J 0)[180 ISOJ



T 16n 8T 2T _ 2n _

“27 180 180 45 4500
=14x107°s
6. (a) TE =é m P A2

=1xzx(4) (1.5)

2
2
_n 9 91 —14J
T a4
; iy b1d
Er 65 =1 Euin (_ N _)
4 6
ﬂ + E = sjn_l(lj
4 8 3
0.75=1. 5sm(“t2 +EJ
4 6
b &+_:SIH-I(EJ=E
4 6 2) 6
s tz =
7. @ T = 211:}_ =2n.| 02
V100
= gﬁ Jo.z =0.28 s
4
(b) (F, cl,\wl}max =-100x m +10
; (J.Lf 4 16
100 1000
(F ) =—4
APProx. - max, ]_6
-4 + + 4
% Error = 1000, 100% = = %
=04%
= Introductory Exercise 11.2
1. At equilibrium, M’L‘m
2 ER
Fsin 0 =22 L
r Y
F cos 0 =mg i il
2 : K
= tan 6 =— ! i
rg :

2
or 6 =tan™ il s
rg mg ‘\.
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/ 932
2 v
for =8 +H

I
ot T=21't\[L =92n |[ L
8 off

fl5)

2. (a)g 4 =& +a

1
= T =2x|
Ve+a
b g.r=8-a
|
= T=2x] ¢
Vg -a
©gy=0=T->x
(d) gy = g +a’
|
— T=21 | ——m————
V(gj +a2)i.|’2
3. Tocfl'" A—T:}g_ﬁﬁ
T 2
=% ét‘:%{m‘_\e

.. With increase in temperature,
pendulum clock becomes slow.

At :%x 12 x 107 x 86400 x 20

=1.2x 864 s

=10.37s
W-B p-o
g

Cp

o 1 9
=| L= | F =l e =
[ p]g( 10)g T

1
T«
\'E

&
= T, _Tlvlz"
2

4. G =

9/10g
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m Introductory Exercise 11.3

1. =— ==
b 2k k+k 2% k
m
T=2n|—
= o
m 0.2
2 T=9x|— =%9x.|——
R’*.l(k ™80
:&:E:l:oj}]4s
400 20 10
3 p= e g Loy gt olygt
M+m 2 2
= A:U.JM;’m
s mu, /M+m
M+m\ &
- mu,
JE L +m)
g
4. T, =2n |, LI P
Vi 'k, 3k 3k+3k
1 1
_— e
3k 6k
2+1 1
6k 2k
m 1
T, =2n |2 = ’
2N T
1
i.e., time period becomes — times.
a 72
= Introductory Exercise 11.4
1. o
R
dx
I, =Id1'€ :J'chdr?:e:J.J‘:2 - o 2nxdx

o

R
:27[51' wide="—"(R* - rh)
r

m =Idm =IG-2ﬂxdl\: =2nc erxdx

=ac(R? - r?)
o Ig =I, + mR? :%(R“ -

+ woR? (R? -1?)
T
T=2n\/—

mgl
|
" (R* =) + noR® (RZ - 12)

21 2
2 2
no(R* —r°)g-R

[
LR LR
:2;{‘12—
Rg
3R, r?
:2“1 2 2R
g
eff 2 ZR’
Forr -0 = [l =£
and forr R = [ =2R
. Here,l 4 =35cm
and [ =20cm
T [t
AS,T=2TI:|’— =9 |-Eff
\ mgl | g
:L:-{i =>I=mll
mgl g '

o200 gx20em x 35 em
=14 x 10° g-em?

= Introductory Exercise 11.5

1. Here, a; =40 cm and
a, =30cm
(a) For, Ad=0,a =a,,, =a, +a,
=40+30=T70cm

(b) For, Ad =607,
a=1a? + a3 +2a;a, cos A
=\4% +38% +12=37 =61lcm
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(c) For, Ap=90° @ = \Jai + a} L
= /4% +3% =50cm sin | 100nt + ——3
(d) For, A =180°% @ = @y =@ — @y 4 +3 cos 3
=40-30=10cm 33
2. x=1x, + %, =4 sin (100m) kel (100’“ Y31 J
, n
+33m(100“t+§] [a)At£=0,x=4sin0+351n§
:M}42+32 +2><4><3c03§ _ ;Sumts
(b) v =am= 1007+/37 unit
(€) @y = 0@ =(100m)* V37 unit
AIEEE Corner

= Subjective Questions (Level 1) , _A¢® _aua 81 _

1. (a) 20x103g=Fkx7x 102 A 2%3‘1‘6 16
2 20 ol SR LD i
=28 N/m as Amg = kiAx o 8
= 16
/50 107 A=Tmx _ 2 _0102m
b) T =2r F 2
e T20/7 L
_27[\’17_5x 10—3 -0.84% 5. v= U}MI'[GQ —x” =2J({).2)2 —(005)
g, p_Am-g AF =2./004 - 00025
Ax Ax =039 m/s
=%=180Nﬁm @ =—oPx =—2° % 0.05 =— 0.2 m/s?
o F For,x =0,v=v,, =A0=02x2
T =9 E=2n — =04 m/s
ng and @ =ay, =0
:QEV' 21 =078 s 6. x=Asin (ot + )
1800 A .
3. v, =Aw=21Av =2 i
. 1
=21x 8x 107 x 2m/s = su‘m&:E
=3.2nem/s =0.101 m/s s T
= or d=—
@ = A& =472V A
=4xn° x4x8x1073 7. 6= ism(ﬂt-kﬁ]
- 1.26 m/s? 10 a5
i = TT—Ttsin{{IHBJl
Fo =kRA =ma,,, =0.5x 1264 10 10
=0632N

=% sind=1
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10.

11

or 5=2 = 0="gin (~2lt - E] (d) v = Awcos wt =0.08x 1.57 cos [E * 1]
2 10 005 2 2
=L cos (40nt) =L ; ;
10 (@ a=o’x=wA=(1577 x 008 m/s*
x =5sin (20; £ g) =0197 m/s?
n 12. (a)u =oyA? —af andv =0 /A® -3
yu=0 20t +—=|=0 - :
(a)v :cos( 3) ﬁu_llAz—xf
- .y L N L v |A% -x]
2 120 :
. 31: ; . u’ A -xi
(b) @ =0 =sin (20t+—)=51n b 2 A% a2
5 Bt mitE 2By T g = u(A? —x2) =v%(A? —22)
3 3 32 = @? -v?) A? =22 -v?xd)
. i
(©) U =0 for,azﬂz.e.,atr:% —szf 22
2 £ A= =
x:Asin(?) | e
o o (b)u; = A —afjuy =A% —af
and va-—cos(—tJ o o aud
T AT wd —uls3 Je
A=|22"1 " 172
2n 2r —* G
2=A-—cos|— 2 by —ly
16 16 -
1642 = w= 4
i -
2 Kb - = g
or . Acos—= A . 7.2 JA? =]
x=A gin ot = H
9 24 gl 12
(a) x(4) = A sin — x 4 =0, bl Lot DY
B u —uf
So, distance travelled is 2A. In the I
next 4s it again travels 24 but from Uiqflg —

other side. = L . .
(b}x(2)=Asin28£x2=A, [ua? —ula?]

i —ui

i.e., distance is travelled A in first 5 3
2s and again A in next 2s but from Mx} X
other side. =5, T_ 2n
(a) A =008 m @
2
2n m ” X2 — X
(b)T =45, 0=—=—=5" =157 rad/s =am, g
T 2 Vui —u;
m 4r’m
(©) T=2nlj¥ k= 7 13. E, =—kx;
p 2
=4”;2’<08=197me (a)U:%kxzzlk(*—”J



: k : IEO
4 2 1
k=E,-U=E, -1E, =3E,
i
T
B ety = sie
g0 Tgg e

2
_lk(_) =dud
2"\ 2) T2

A
=¥
2
14. At equilibrium, mg = kx,
..

At a distance y below equilibrium

position, spring energy
gravitational energy, is given by

U=U, +U, =%k(y+xn}2 —mgy

=%ky2 + kyxg + %kxﬁ - mgy

1, » mg 1, 9
==ky +k-y —+=kx
3" 7k 270

T
g
5 Y

—mgy

1, 5
+ = kx
5 o

and

If equilibrium position is taken as

reference frame, then %kx% can
considered to be zero, such that
1, 2
U==Fk
2 Y

15. At mean position,

Lra =% (my + my) v?

2
| kd2
= U= =r
\/mt . mg e
Vpmux = A=
\(ml
m
= A= \’? “Umax

be

16.

| I

18.
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or A=d ’L
Vmy + my
(a) At equilibrium, F = kx
F M
= =—=Aand T =2n, |—
" %

(b)W:de:[:”(F-kx]'dx

2 2
=g T B
k 2k 2k

F 10

=—=——=01 10
(a) xg T =T m =10cm
1, o 1
ME=U+K == kxy +——
N 2% omy?

:%XIOOX(O.I)Z +%x1x22 _957

©T=2n|™ —op [ L _%g
V& V100 5
(d)= k{AJ‘* =Lyt
9
o gl
= U\’m
LB
22’&!@ =20 em
(e)Uzék(xg + A)?
=%:< 100 % (0.3)% = 4.5
) U=%k(A—xn)2
:%xlOOx(O.l]g =057
Koos w mv? . o’ AZ
2 om
/ [2%8x 1073
= m= 5= f 3
VmA® | 01x (01
=4 rad/s

x = A sin [mt+£)
4

=01 sin (4: + E)
4
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19. U=10+(x -2* 22
w  BeeO ol e fie g
dx
F, =—2Ax ' '
= k=2
5 73
(a) m= "k_:. g=1ra1dﬁs
m V2 A
(b) At mean position G- nx’pm
U=10J and K =26-10=16J g(x)=T:§anx
At extreme position F) = =t == 4 el
U=26Jand K =0 i 3
() Vpyax =1U/g =—kx = k=§;rrme
nt
2x16 =
=‘] =4m/s i.e., the particle will execute SHM
'm 3
T=2— =21 | ——
A=2w e TG -
= A=4m 1 R?
@A) Uy =26 =10 + (x; — 22 =2n i M =2M MG
= X =4+2=6m i 47&33
UmM,C;—U={]=—2[x2—2) 3
x £ _GM _E.
S Gy 28, g@R) =5 =
. particle oscillates between T -9 |'Z
x=2m to 6m \lg
9. 7=0 B — 91 '4_!=2n\/4>_‘1=2m3=4s
g = g 2 T
g & i
_%x2nv|”—4+%x2ﬂ:w’£ 24, mg = kg F, = F (x + A9) - F(x)
g g
7 =k(x+ Ax) —kx = kAx
=(E+“) < =T =2n /™
2 J\s =M
—3_2“ EZ%QEE%T 25. F, =— (kAx + AAxcg)
Ve Ve : =—(h+ Acg) Ax
21. K, =2K +2K =4Kand T = — T-9
B o JK o A
T |K 1 [ 10
T V4K 2 -2x
b 1100+ 20 x 107 x 10° x 10
- =3 LI W

viz. V3



i lmdz
26. T, =2 —£=2n|3 y
mg
| ™8 5
-
=2 2
3g

27. i

QO=——0=—a8
3m
= T:E:zﬂq@
) 2k

[m] 2
mg

(kx-Tr=Iu= kx-T=

N |~

w8

and T -mg =ma

(=)
kx-mg=|—+m|a
r

o= kAx :(iz+mJa

r i —— o —
21| &
2n 21'er+1;
r

_i | 20
211\/0.5+0.6><5
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zi !2__0:_1 :0381‘12
2rV35 w07
29, x=Asinmtandy=Asin[2mt+g)
= A cos 2 ot
2
= A(1-2sin® mt):A(l—zx—2}
A

Ly=A- %xg — equation of parabola.
30. x=Asjn[m£—§]+Asin wt
+ A sin[mt — -TEJ
3
= A sin of + 2A sin mr_wsgrr

=2A sin of
So, resultant amplitude is 2 A.

31. A:.JA2 + A% + 2AA cos 6
8 1

:2«4.005E = £0S — == =CoS—

2 2 2 3
2n
L Ap=0==
i 3

32- X =xl +x2 =2$in ].DOM
+ 2 sin [120rct - g)

(a)x =2sin 1.25 T + 2 sin []_.57{-!——;]

=2sin [n+£)+2sm(2n—EJ
4 6

=-2sin L —2sin =
4 6

=—2-1=-2414¢em
(b) x =2 sin 25 1 + 2 sin [3n+§)
=2sin [2n+£)+2sm(3n+f)
2 3
—2gin & —2sin =
2 3

=2-43 cm
=027 cm
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= Objective Questions (Level 1)

1.

x =Asin of = %:Asin ot
2r 1 T
= 8in —f =— =s8in —
T 2 6
2n n T
S e e R
T 6 12
ap=I T 8T-T 7T
4 12 12 6

Potential energy becomes maximum to

. L .
maximum in time Y whereas oscillation

takes a time T

So, frequency of oscillation is half of
frequency of potential energy.
T,
ie.ﬁasfoc fP B
2 T fu T, T 2

p

u=w\.A2 -3 = v? = (A? -2?)
=12 + o®2? = ®A®
2 2

orﬁ + il =1, is an equation of
ellipse.

As initial and final distance of centre of
mass from the point of suspension is
same that is why the time period
remams same.

2= -2
_47{—-31’{_;;
6 6
v=co\,A2 —x? =~;-mA

2
= Az—x3=A—
4
=5 % :§-A2
V3
ory =—
2
Tyl = 12 /3_2‘
oL
[]'7’91I
= =0.89
‘J I

10.

11.

12.

13.

14.

=5 T, =089 T}
i.e., T, is 11% lesser than T,

As in (b) two parts of the function has
different frequencies their addition will
lead to periodic motion Lissajous figures
but not sn:nple harmonic motion.
792 _2and2+1-2x 'M+4
k y
3 M+4 M+4 9
o —_= =5 = —
2 M M 4
=16=56M
M- 1?6 _39kg
{400 (100
Ty, =2n |— and T, =2n [—
1 ~1J| k 2 n*l‘l 2
T?' [100 1
\(400 2
T
Ti‘! ] ?] = ]_ g
y=4cosnt + 4sin
[
:\’4‘3 +4% +2x4x 4cos%sin(nr+0)
= 4+/2 sin (nt + 0)
T, =2n |'|~— T, =2n
VA ng
and T=2n
\}k + k
CTLOE R
T° 4n*m Tj 4n“m
1 _k+k
T  4n°m
1 1 1 - -2 -2
=T g ey P _ed
T2 Tl T2 1 2
a=-px=—@x

Se=.p

Let the time in which X completes n
oscillations is ¢, then during that time ¥
completes (r — 1) oscillations to come in
same phase.



15.

16.

17,

18.

19,

20.

21.

Therefore, t =4n =4.2(n=1)
=242=02n= n=21

kx:mg::;k:m_g
X
M ‘M
T-9 +m Jt| +m
k \’ mg
x
(M +m)x
=m4——————
V' mg
V= Ay = opdy
Ry
LA o 3
T
Ay oy [ky \kl
Vm
llal [ 125
lal=0'x = o= '—2’ 5
Vx  {5x10°
=25 =5rad/s
T=@=ﬁs
w b
T=2n |-L
\ mgl
p
'gmr‘a ar
=2’J'I:|2 =2n/—r
\ mer \2g

U=%kx2 = y=mx, is a straight line

passing through origin. The answer will
be (d) as x* cannot have negative value
(for real x).

At positive maximum displacement
force is also maximum but negative, as

22.

23.

24.

25.

26.

27.
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F = - mo’x, so, the F' — ¢ graph will be as

in (b).
{M +m

k

=
T=2n\(% and%:Z

5 M+m
= — =
3 J M
M+m 25
= —
M 9
S0 =16 => 1 _10
M 9

—
T =2n %; mg sin 0 = kx,

\me V' mM
_o_1 [FOLm
2t 2\  mM
v=0y2% 1% =/3;
la|= o'x = o

So3 = = c):v'g,v:£~ﬁ

on  2n
G-2M
4R*®

=V

_GM d | S
g =gz andg -

.
2
1 _5%_[a
N'{

Eo

Tox— =
g I
Lo 1B
\g/2

. Ty =+2T, =228
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28. x =3 sin of + 5 sin (of +37°)
—15cos ot
=3 sin ot + 15sin (mt —%]

+ Hsin (ot + 37°)

iy r?
3 /
_-“R=13.89

5 15

5

3
#
/
A3?°L3:j
1

|

15

29. When the two SHM are in same
direction, the resultant will also be SHM
and when they are in perpendicular
directions, they will form Lissajous
figures performing periodic motion but
not SHM. But at 37°, particle will not
perform SHM as well as not travel in
straight line.

30. K .

max = Uy =5 R 10* =50 &

K:Kmx—U=50k—%xkx62
=32k

‘__3_2‘Kma.x :0'64Kmax

50

i A2 5 _ |42 A
v=myA° —x7 = AT ——

m\ m\’ 4

NC NE]

=?{ =?Umax

(a) is correct while (b) is wrong.
31. kx4x102 =mx05

JEE Corner

m Assertion and Reason
1. For, x = A cos ot, particle is at x = A at

t =0, but the displacement is measured
from mean position. So, assertion is

false.

2. Assertion and reason are both true but
reason is not correct explanation.

3. Assertion is trueszhi]e time period of

oscillation is ZTLV'E, so, the reason is

false.

4, \'@A =A sin ot
= sin of = —
- 2n T

k__05
m  4x107%
_50_25
4 2
oo B _[BB_5
\m V2 &2
=353 rad/s
32. Ma, =—kx
g=-M0 _1%2_4oom
k 100
= t=E
6
"
So,forAt-ﬂﬁA,Ah:z_z:z
2 4 6 12
For, — = A sin of'
= Q_ﬂ‘t’:f
g 6
- p-T
12
&
So,forﬁAtoiA
g 2
= szi_izi
6 12 12

Reason correctly explains assertion.

5. In uniform circular motion also particle
performs SHM, so assertion is false.
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6. If spring is halved, then spring constant s ok
becomes twice an?l_as mass is halved, p_dP _2mwv _ \/m
then o = Tﬂ& 2 |—~ =2, Le., angular dt T T }'E

Ve
2ma k  2ak
frequency gets double. Thus, assertion is o a o
false. 3 10 10C
« Yo = in ot t
7. Assertion is false as if F ¢ -x, then % S e ; 5 cos @
— 102 102C2 <
motion will not be SHM. =107 +10°C* sin (ot + 0)
L
8. For x=Acos ot between (=0 to 21, =101+ C? sin (ot + 0)
)
particle moves from one extreme to So, 10\f1+02 =40
mean position such that velocity and =1+C? =16
acceleration are in sgme direction, i.e., = =15
angle between them is zero. Such that 4 x—9sin (5t
av=—a'A cos of x(—oA sin of) cos 8  %=2gin (Gnf)

-cos 0= A’sin of cos otcos® as =2(03) =2sin (15 1)
cos B=cos 0°=+1, =2sin[n+zj=—2
thena-v= positive. Thus, reason is true 2

[ _ 2
explanation of assertion. V= A® iy —2 =0
9. InSHM,a:—mzx, 5.x=Asm[ ]=Asn( ],
ie., (—||IM dT—ﬁ x(2) = A sin ( ]
|| displacement 0}
So, reason is correct explanation of s w,JAz e =_ﬂ\’A2 _ _2
assertion. 16 2
10. Only uniform circular motion can be _nA 1
called SHM, so, assertion is false. 8.2
R . 842
» Objective Questions (Level 2) = A= ; m
1y e i
1. U—Ekx 6. 27:\; l _on l_ | &
97 2x1 200 Eoff \g Vgerf
= k=—=—l=—=12.5 ’ 10 I 10
«* (04® 16 T= |-
o, [T Mo ok
T=2 /— =9n |—
V 125 =193 s
_2;;('_ Qng:ﬁs 7. x=Asin of = v=Awncos ot and
‘M|25 55 az‘mmzAsip ot
2. 7=1. 271,]!_ n\(E, and S ka? =1 mo? v _ A* o’ cos® wt
k 2 ® a’? A’w'sin® ot
= v=alt

\m
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U2
. T
or-——-—_n—lm-ﬁ_
g 2
a (0] v
1-
A’
v’ 1 v’
a® o Ao’ —v?
5 ;
or vie? (A e’ —v°) = a® ?v?
or A?? —p? =a?

or v®=-a%+ A%

or y=-mx+C

i.e., a straight line with negative slope

and positive intercept.
b y 1000

|
7=25_g, |YPo _g, 2P0

T[\| E

= F, =—lkx + (2kx cos 45°) cos 45°]

12,

13.

14,

15.

>Ty>T, >T, =2 L >T >T,

m
TB — 2R\‘| ?,

m
-
T, =2m| 3 =2n [,
s =23 =2

m
m.3
4
1 2
TA :TB lTO :E:I:\(‘.’;

2T >To>Ty = L, >T;>T)
or T\ <T3<T,

1 1 M
T==(T} +T5) == 2m |— +
g 1t =3 [n\'k

53 573
<Ly M (1) 0n M
2 V& 2] 2V&k
U=2-20r + 5% F=—2Y 90 —
dx

M
21 ﬂ
4k J

10x

F =0atx =2 i.e.,x =2is the equilibrium

position.

As particle is released from x =-3, so

amplitude is 5 m.
Thus, maximum x coordinate is
2m+5m="Tm.



16. T=9r|™ -1
WE T

’7_ —_—
Mandfﬂz =21 | i

k k
Vow \ftl—n-)

i T _ [nmA-n [k

T, =2n

= - o = |
. I,V \nm(1-n)

17. x =R sin of

1

Uy =U, =%x%kR2=§kx2

B
2

. BD=2¢x=3R
18, Fy < YALA

elastic — I

e

::’FQz L
:aaQ =ﬂ.AL
Lm

gy .4
AL =Y 47,
L L

A
Similarly, F, =— 2

YA
Lm
1 1. [Lm
o 2 e i (AT
2 773 RM/YA
TR Y
' g F 5@

aAp =

2L [Lm
=— #2m ——
v \ YA

19. 5=10sin ot

4
z.
<}
g
I

20.

21.

22.

23.
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x =A cos of

= Hem =8 cos ot
- wt =09

m o >
£

_K|\f’§a_27r L
Vzg V20 5

2,
oF 1‘25[
[0

mgl \

2n

s ]:125T:T+3
1

“

In one time period distance travelled
d, =4A. In one time period distance
travelled d, =4A.

In the remaining time %, distance

travelled dy = A.
~.Total distance travelled =5 A
T

T=2n|—,
&
r-I.0
2 2
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:l><2:rr li +:—L><2ﬂ:\/i
2" g 2 g
=(1+l]2ﬂ_:_T
2 4) \g 4

/ I 3
24. A= g =04 m, @ =30rev./min

o
b
<

I

|
o
o
=1
o
g
&

Il
bo
=
=

.
g
4
I
Ia
o

=2sgin ﬂt—z
06 2

26. x=Acos of = %=Acos ot

1 T
=% cos i =— =¢o8 —
2
2n,_=x
T 3
= t=g‘-
6
za/2=a/2=3tx
av t T/i6 T
27. lal=w’A =g for weightlessness
highest point
(g
w=_[==2
va
L l[E_1[g %
2t VA 2zV05 2=
%8, U=K-=1l
=1-1KA2 =1kx2
2.2 2
= x—i
V2
i_zAsinﬁ-t
V2 T
2n n
= —f=—
T 4

29, 28

=T =88

30. x=A cos ot

Att:O,x:Aandt:i,

Bm
-
x:Acosm‘lzvaA
6 2
12}
A—%A
Ugy = T
—m
6
_6wA J3
T on L 2
S )
T
[k _ [400
31. o= —=_]— =200
@ q‘Jlm V2
=10+/2 rad’s
32. ma =kx,
ma 2><5
:."xo e e m
k 400
10

=—cm=25¢cm
4

= More than One Correct
Options
1. At equilibrium, T sin 0=ma
T cos B=mg

and



= t,an():E
g

1}

T = |T? sin® 0 + T2 cos” 0

T 2

= m\j'gg +a

2. x=Acos (ol +8)

and v =- oA sin (of + 0)

at ft=0,x=AcosBandv=—wAsin @
é:Acosﬁ

2
= Bzms'l(lsz
2/ 3
T
x:Acos(mr+—j
3

. At equilibrium, Mg = kx,

1x10
DXy =—>=
k 500

:)A =X =Xy 245-42_—"3m
%x T =%x50‘0(0.052 ~002?%)

m=2cm

-1x10x 003
v= N.’500 (00025 - 00004 - 06)
- JT05 06 m/s
=/0.45 m/s
=104/45 cm/s
= 3045 em/s

m

x 003 m/s?

ama.x

=15m/s®
At natural length, U =0

m 2

. T=9q | —op( 2

n\u/ k JT’;'800
A | I

=—35; = ==
20 10 my 3 6 2

3x, =6xy = x; =2, andx; + x5 =6cm

7.

1.
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= 3x; =6cm
= x; =2cm
and x; =4 cm
1 1 1
531,-? +§6u§ :Ekx (006)*

3v% +6v; =18
= o} +20% =06
3u, =6u,
= vy =2vy;
. 6vs =06,v, =+01
. By =myv, =6401

Again,

=i_=19kg-mfs
10
T =1
At, ¢ =T, y=maximum = ¢ = maximum
At,tz%,yz():;» a=0= F=0
UZCD\IIIAQ g

=v? = ? A% - 0’2

=v? + o’x® =’ A?
i.e.,v=x graph is an ellipse.
a=-ax

= ¥ =— mx —» straight line

a=0atx ==, so,A=2—% =15m

- o 4100 10
Upax = A =15J100 = 15m/s

Same phase means a phase difference of
2nm, ie., their displacement, velocity,
acceleration are equal.

y =3 sin 100nt + 4 (1 —cos 100nt) -6
=3 sin 1001t — 4 cos 100ni -2
=5 sgin (100mt + 6) =2

= Match the Columns

x=2cos of + 2

.. Mean position isx =2,
Amplitude isx =2
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Extreme positions are,x =4 and x =0
where, PE is also maximum.

While, PE is not zero between x =0to
x=4

u

> X

A (0] A
U =4+ ax?®, where, 20 =4 + aA®
16
= ad=—
A2
U= 4+%x

4

165

U 4 +

2
U[é) 4+E.A__4 4-8J
2
(i K

)z

é) 20 — U( ] 15J

1

U@ =4J = K(0)=20-4=16J

K A) 20 - U[ ) 20-8=12J
5 2

. At t;, a#0, v =0 and x =0 but
a = positive
= x=-veandv =-ve

Atty,a=0v#0andx =0at,, area is
—ve, 80,V = —ve

and at mean position velocity is
maximum.
. x=2sin4nt, v =8n cos 4nt and

a =-32n* sin 4t
Umax = A0 =8nm/s =251 m/s.

So, velocity never becomes 30 m/s
2r 2z 1 "

So, in 1 s particle completes 2
oscillations.

So, speed becomes 10 m/s, 8 times in 2

oscillations and velocity 4 times.
1

Kmax e é mviax :% x2x 641'52 =640.J
So, it becomes 400 J, 8 times in two
oscillations.

& ax =92 7° =320m/s, in two
oscillations it becomes — 100, 4 times.

. x=4+6sin n.

A=6mand-2<x <10
at t=0,x=4m,

at £=15,x=10m.
2

at t=1s8,x=4m.
t=2,t=0

e 2, t=1/2

-2 4 10

Ettt=§
2

andf =2s8,x=4m.
So,

() 10m —»4m %grsqu
(b)10m —» 7Tm %étﬁl—»q
(e)7m —>1m Y
2 2
1 3
(d10m »>-2m =—<t<= > r
a 2



1 2 Elasticity

s Introductory Exercise 12.1 o e BB, 10" x 1 1
F/A Fl YA 2x10" x4x10™ 800
AL/l AAI :%cm:O.lZﬁcm
e B F__Al ;
YA 3. Z:YT=90><1{]6mez
= Al rx%asYﬁung’s modulus of A is e 16 x 10° 16 = (d§ 2)
T LA T T
twice of B, so elongation of A will be half 90x10° 90 4
of B. 4x16 gy e
A=y 5, OB =0TE
i
=0250 =250 mm
AIEEE Corner
= Subjective Question (Level 1) _900(g +a)
Fl FI d® Fl 4x107™
1. Y=— D A=———o 1 —=— 4
AAl Y Al 4 YA L g Ax10° 400
a = —_—
_ [4m g 900 9
\ n YAl = @ax =%-g=34ﬁ4m}s2
I 4 % 400 x 3 m F
= - B 2
V21x 10 x 314 x 2x 107 . (Z) =11l N
—_— max
-10°° II| 48 & F
\‘ 42x3.14 4 15 % 108
=19%x 102 m=1.9mm [ 4F
wdmm Tl e
\/ nx 15x 10

2. |

5] _ L. 3510° Nim?
A max
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_ [ 4x100

314 x 15x 10°

073 /74
1814x 15

da
i JqrtrEtes _pg . ..
YA Y

2
A= =B
y Jo 2y

=092 mm

 8x10°x98x25

=5x98x 10" m

2% 2x 104
=49%x10°% m
5. (zj :(m+m1+m2)g=8x108
:8x108x6x10_? e
10
=48 -30=18 kg
(E) :w:8x103
A L AI-
8 -7
_8x10° x3x10 _10=14ke

10

So, lower wire will break if m >14 kg.
i.e., maximum load which can be put on

hanger without breaking wire is 14 kg

6. E is same as both have

cross-section area and subjected under

same tension.
Al F Al 1

_— —_ — O —
I YA I Y

‘(M] ’(AI) _ Yo, _13_13

_Ap —Ap
7- B—E—E
V »p
ﬁAp—hﬁzphpg
B B
400 % (1030)* x 10
2x 10°
2
=74X(j;03} =212 kg/m®

same

8. Al =

—@210_311‘1
4dn
- -239%x 107 m
9. go__Mp __ —hrg _180x10° x 9.8
) TAV/V AV/V 107¢
=176 x 10° N/m?
0. y-F/A
Alll
YA Al mu®
=F = =mg +
l i
\/I(YAA! J
= U= |—|———-mg
m i
_ |’£ 2x 10" xmx4x107° <107
|25 5
[
\/;[8“ —250) 309 m/s
2 .20 -2
11, 2F sin o= _HB-200
R
sin =60 5 . 5
= F=pw? c B3
_ M a2 2 N0io,
F=—R ;
R FORgE F
_47:2\!2 mR?
~ 2zR
=92nv? mR
v - Fl _2nv2mR><27:R
A Al e Al
42 2 2
z,&g:%
Y nr
| =27R
AR - Al 2my *mR*
N % Y

Mgl _Vpgl Vip-o0)gl
YA YA T va
sl als AL =-V°g£
YA

10~ x 800 10x 3
mx (2% 1072 % 8 x 10"

But m = (2rnR) (1 )(p)



12.

13.

14.

15.

Substituting the values we get,
4n°v?pR*
Y
Al:ﬂ =(mg +mo’ D1
YA YA
_(60+6x4x4ﬂ2 x 06) x 06

2% 10" x5x 107"
=38x10"" m
2T, + T, =mg -.-(1)
Al, = Al
L Ll
AY, AY.
T
7 =?'
Solving these two equations we get,

AR =

«.(1)

7= ana 7 2E
2 4
B A
[ = a0

(a) At centre :

m L
T=—-a, =|—sp|a
5 o (2 F'J 0

T L
- St =—==—=
ress S~ 3 pag

(b) At distance x fromend B :
T, =m,a, =(xsplag
2
ﬂf =IL Txdx :puaoL
0 SY 2Y

Energy stored in stretched wire = msA@

= Objective Questions (Level-1)

1 2

8=~£as AV =A=B=w
AV

v

2. Young’s modulus do not depend upon

length of radius of wire. It is constant for
a material.

3.

6.

8.

10. Y

11. Al =
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F=of 5 Fal

ﬁFz ZFI§—1=2F1 =2W
2

During free fall, stress developed in the
rod is zero, so there is no elongation.
Ap  12x10° x 107
AV/V  03x107

=4 % 10° N/m?

2
F_yAN_m
A I IA

A=, 48x107 x10-¢

\mA" V10

dI:M:E:@:pgg:fgtaC:l
YA A A 2

F 1

::,Ap:-B%ﬂxlo*’ x 107
=2x 10° N/m?

System is bound or force is attractive
when potential energy is negative.
I L U 1
AN AW, -D A, =D
= Ty -D=T,(1,-D

B Tl =Td =T, =T)1
_ Tl - T,
- T -T
FI mgl mgl.l pgl?
YA YA YAl Y
Al
Ay

= l

2
:(Ii] == .ﬁlQ —4Al1 :4&1

1
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12.

13.

Mechanics-2

A£=IaAQ,U=lexA£=1YAATl‘A£

_YAD? YA &2 (A)?
o 2]
YAl o (AB)?

Al
Y o? (A0)2

B |

Sou=

SIS

=g 10 x 144 x 1072 x 400

=72 x 40 J =2880 J

Al, =1 AB=1x10"" x20m =2m
Al, =1 mm

sp M

l

ST

-3
~10" x % ~10° N/m?

Fn pSFn

JEE Corner

m Assertion and Reason

1.

4.

o

Elasticity depends upon Young’s
modulus, which is more for steel as more
stregs is required to produce same
strain, i.e., reason is true explanation of
assertion.

Assertion and reason are both false as
Bulk modulus of gas depends upon

thermodynamic process, while the
relation  between  pressure and
temperature  also depends upon

thermodynamic process.

Assertion is false as Young’s modulus do
not depend upon length while reason is
true.

Assertion and reason are both true but
not correct explanation.

Reason truly explains assertion.

Assertion is not true as it is true only
with in elastic limit.

14. dT=ndx-a=pSdx —=——dx
m  PSL
=F—Ddx
L
ax4+——X—rX
) T T+ar {3\_"’:{1
&
dl_T-dx_Foxdx
¥YS  YSL
= F0L2
2YSL
_1 B
2 YS
Al K
L 2ys
7 h:ﬁ:l:i:g is true and
Bgo ™ 1 5/9 b
reason is also true but not correct
explanation.

= More than one Correct
Options
L dW:Fdx:kxdx:};—A-xdx

2
W:ﬁ fxdx:ﬁ-lfz:YAl :U
I =0 L 2 2L
§ Bk

From graph, m , <my

[ YA) [YAJ

= —| <=

L A& L B
it is possible when, Y, < ¥, or

A, <AgorL, >LybutasY, =Y,
andL, =L, = A, <A,
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3. W,-Mgl, U=1#B'-lmg, =[MLIT"2] 5 7
G ol g ® ° @ F = ke
T —g"® =1 _LF]
[x]
m Match the Columns =[MLT2L™]
1. (a) [stress] =[F1/[A] =[MLT 2L?] =[MT2] > s
—[MLT2] 2. Y=L orF1-vAN
U [MLTL) il
_V_ [L]J (a)FT‘zsz::»AET—)p,q
=ML'T?]— r? MIT=AIT>p
(b) [strain] = Al /I =[M°L°T"] - p, ¢

/A [c)AT:%i:Alians
- Py ]=[stress]

Y]=
©OI=Ta70 @Yt=s Al sg 7




13 Fluid Mechanics

= Introductory Exercise 13.1

1.

5.

F,=p, A=h, pgA and F, =h, pgA
4
:E 3 x 10 ngNlmz

A 495x 107
-6.92x 10° N/m?

hip18=haps 8

Py _ Py 100 4 _

b, hy 125 5

(10+15) pyg + l1pg =(125+ 15) pog + lypg

e (32 _Il) al 225'}1 —27&)2
, _25x1_275x08
217 136 136
25-22

138
(1) p, = pxry + hypg =(76 + 20) pg

p

= 08

em=0.22em

=96cm of Hg and p, — p, =20cm of Hg
Py =Py —hypg=(76-18) pg =58 em
of Hg and p;, — p, =18 cm of Hg

(ii) 13.6 cm of water = 1 cm of Hg, i.e.,
Hg in left limb will rise by 0.5 em
and on right limb, it will fall by
0.5 em. Thus difference in Hg level
will become 19 em.

= Introductory Exercise 13.2

1;

4 1
Vpsg=ngw g+§VP;g

4
=Ps =g P +Epi

4 10% + 1 135x 100
3 5
17.5

[

P = % 10 kg/m? =35 x 10? kg/m*

. Vp, =210 g, V(p, -p,) =180 g and

Vip, —p;)=120g
pPs —p, _180 6

Ps 210 7
8 _pPw
Ps
=p, =7, =Tx10% kg/m®
Ps —P; _120 4
p, 210 7
A _P
7 ps

— pfzgps :3x103kgfm3

= 1

. As in equilibrium buoyant force and

weight balance, so in accelerating lift
both buoyant force and weight increase
such that there is no change in volume of
submerged wood.

. As w,, =w-DB as water is placed in

water, go, apparent weight is zero.

. If a body is placed on water, then it

cannot displace water of more weight
than its own weight as in such case,
buoyant force will be more than weight
and the case buoyant jump up the liquid,
which is not possible.



6.

w+ Vpg = Vog
m=V(c-p)
=" (6-p) :120(3—1]
p p

1 04
=120 ke| L=1)=100%2 kg-sok
g(Oﬁ ] 0p B-UURE

The amount of water drink and the
volume of water displaced due to weight
of drank water remains same such that
water level do not change.

Vpg + mg = Vog
= Vioc-pl=m

= a'(c-p)=m

13
m
a=
L‘P]

113
|05
01x 10°

— 10—1 x 5'[-'"3

—10x5"9 em=17cm

9. Vpg=06V ag

= p=0.60,=600kgm?

Vpg=085Vo, g
p 600 3
o B IO
%2 =0.85 U.Sﬁkg

=70588 kg/m*

10. Vog=mg

= m=Vo=Aho=nr’ho
=ax(08x1072)2 x3x107% x10% kg
=nx064x3g
=603 g

» Introductory Exercise 13.3

1. AW=Fx»xs=2TIlx05

=9%x72x1072 x 107! x 107°
=1.44x 1075 J

2. p=£,dW=pdV=£-4nr2dr
r r
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=16n Tr dr
W =[ﬂR 16r T r dr =8n TR?

: i:II:"3:2’?"><i?t.ﬂ’3
3 3

= r=3R
= R=r/3
AS =27 x 4nR? — 4nr?

2
:4;’[(27){ %—rz]z&vz

AW =T AS =8 T

. As wax seals thread capillaries which

sucks water, that's why water cannot
spread over cloth and cloth becomes

waterproof.
P1— Py 2 2
. =—=(R" -
(a)v Toi ( )
2
Up =(p1 pQ)R =31‘n.-"'5
anl
-2
[“}?
:3(1_@)=3:225m
400/ 4

(b)Atr=R=v =0

4 2
P
dt 8l n L

L 4% v 1078 1400
8 1005x10°" 20

 32nx T0x 1077
B 1005
=7005x 107" m?%s
1
(b) -"i\p o R_4
o 3 .AI_'.P_.Z_. = E‘:l:_- = 24
Apy Ry

=16

= Ap, =16Ap, =224 x 10* Pa



66 | Mechanics-2

{c) ﬂ C('l

dt 1

. For new value of n.

gy =(%}7Dx 107 m3/s
dt 10469

=1.5x 10 m¥s

AIEEE Corner

= Subjective Questions (Level 1)
1. mg=Vaog
=Vp, g =% Vi, g
= Pz = 2 P1
3
2. Vpg=0095NandV (p—o) g =0071

p-o 171
P 96

71 _25

gt
p 96 96
= p =§ 6 =3840kg/m?

3. (V+2og=mg+myg

m1+M<2 92— 30g 3

=V = = %—201:11
c 10/em*
=28cm?
4. T:B—W:V(G—p)g:n‘;g[g_l]
p
=71.2(i-1)N
075
L2 _9373N

5. Vog=Vpg+mg

— = m
-p 1000-850
3

(83
lm =03 m?

6. (a)pV =10g,(p-c) V=8g

>1-2_08=x2=02
p p

or =—=5¢6
5 0.2

=5000 kg/m®
=6g/em?

10 o i
=8 _oem®=2x10°%m?®
P

(b)(p-0o) V=85g:>1—g=0.85
p

Vv

24
P
= o =015p = 750kg/m?
7. B=Vog=1cem? x 1g/em?
x 980 cm/s” =980 dyne
Wop =20x 980dyne +980dyne
=205680dyne =0.206 N
8. a® P;: 8 =a’x 8+ a® (a-x) G, 8

=015

ap; =xc,, +(a-x) o,

= a(pi_cw)=x(ﬁm_6w)
By =y =l &7

= = =0.532
-o, 136-1 126

x
= =
a O

m
= x=31.9 mm is in mercury and

28,1 mm in water.

o, gl _B-W
m I
_V-psg
m
o 1 ]
N B T e |
[p # (0.4 o
3 9
== g=14Tm/s
2
pig B (R e
Va 147



10. B+ T=(M+m)g=T=18g —B

Equating the torques above point A, we

have

I 3
(12 g)[§)+(6g)(1) = B(IJ

or B=16g
Substituting in Eq. (i) we have
T =2z =196N
B- % % (1000)(98) =16 98

L V=32x10"m?*
11. @ T=B-W=V(c-pllg+a)

Mo-pg+a)
P

p
=22-1D(10+2=24N

=M(E-1](g +a)

B-W 24N
Wa=E-2=" 227 1o me?
m m 2kg

19, F=kesip="2 srq = P4
A k
181 10% x0.5% 107
{a)xl: m
60
131x 0.
:wcmzloﬂcm
30x 10% x0.5x 107"
{b) Xy = = o l m=25em

60
13. (r—rsin8) pg =(r—rcos 6) pg

+(rsin0+rcos0)ocg

14. p; =pp=
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(cos 0 —sin 0) p =(cos 0 +sin 0) o
cos B(p—o)=sin B(p + o)
p-o
p+G
600 g
800x107*

tan 0 =

=Bog+——
25% 1071

2F=25x10" |—22 ___go|g
800 107

=(-@—2x 1072 x780)g
32
=(1875—-156) g =31N
15. (hy +1 +hydp,8=1lp, 8€+hypn &
hlpu.' :h2 (pm "'pm)

= h] :pm —Puw h2
Puw

136-1
= x1lem =126 em

plx) =x pg

(a)dF (x) =pg x . ldx = pglx dx
i B _1 2
F—pglj'o xdx-épglh
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(b)dt (x) =dF(x) .(h - x)
=pgl (h —x) x dx
=pgl (hx -=x%) dx
T =pgl J.;l (hx —x%) dx

1.5 1 3)
=pgl|=h° == h
pg(z 3

1 3
== pglh
Gpg
1 9 1 4
= pglh == pglh
(C}ng Xy Gpg
2 1
=5 =—k==Fh
Y=6" "3

17. 15p,8 =xp,&
150, 15

= A =——cm =110cm
Py 136
h=(15-110)em =13.90cm
(a) Ap=15p,8

=15% 1072 m x 10® kg/m?® % 9.8 m/s?
=1470 N/m? =1470Pa
18. hip, 8 =hypo8

Original level
of mercury

Hg

hipy =hops
(30 + 3x)(D =(4x)(13.6)
Solving we get, x = 0.584 em.

20. p+pgh + %pvz = constant
2DkPa+(}+%px32 =p+pgx1+épx42

p=20kPa—pg+é—p(32 4%

21.

22.

23.

24.

_90x 10° —9.8x 10° + % x 103 (=7)

=(20-133) x 10® Pa
=67 kPa
18kPa+0+épx02

:p’+Jg:o‘g7><1+%px{)2

p =18 kPa-9.8 kPa =8.2kPa

v=2gd, R=vt =t :zgdandk:%grg

1 R®* R?

h:—g_:—

2" 2gd 4d
R2
" 4h

Au =av and Fu dt :% muv?

=d

V ra
3 -2
Uz(leo 10 x98 _ o p0
\ 13
1 2 F 2 F
- pu° =— h+—= =— + pegh
g = +pgh+opu” == +pg
2
1 I'JZ 2 F
Spl1-2|v? == 4+ pgh
2'3[ AE]U g
[ 2 F
U= — +pgh
| i pgj



= [#4(20 103x10x05)
108 1107|105
\ 05

_ [2x504  [2x 504
T\1-0002 \ 0998

=318 m/s

25. %pvi + pgh 4 =';"PU?3 + hype

vy Ay =ug  Ag ...(1)
vh —vp =2(hy —hy g .. (i)
2
v? [1—23] 2(hp —h,) g
A

2Ahg _ |2x2x107% x 10

Vg = | 2 = 2
A 2
\fl'—g‘ \/ 1-—35
2 4
04 _[16
“Vara Vs
=073 m/s
vp =0, A — 073 mlsx S = 146m/s
A, 2

26. EE = Av =500 cm?/s
dt

vy =100cm/s =1m/s

vy =250 cm/s
=2.5m/s
1 i ;
Pm Ah =§ Puw (Ué _Uf)
RO Rl
28P mPw
-1
= L o= ]_97 cm
2x98 %136
27. v, _2r (p-o) g
9 n
__2_ x 1071 2-1 x 10% x 10
9 1x107®
g % 107 m/s = 089 mm/s

29.

31.

32.

33.
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. 8nL
Q:EAR_AP:SAP: n ;Q
8§ n L Rk
 8x4x107° x 107 x 066x 10~
wx 16 x 107
2% 066 5
hpg = 22220 1015

T

= h=315x% 10" m=315x 10" em

2
v, ==r

ETERB=2><irc41'*3:-.:>ﬁf=2:ua r
3 3

"AU:Rz (R2 =r%)

F=-nA. % +107? xlele%

=002N
dv

F —2 b
St =—=n—=107" x01x =
ress = 3 n I x -

=10 N/m?
2T cos O
rpg
iﬁzthz;‘cosag
T, hpy/cos b,
34 x136x671
T 9x1/1
~34x136
T 9x071

h =

=7.24
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4T 4T
34. p, =py +—, Py =Dy +—
a b

p,V, =nRT and p,V, =2nRT

AT 4 4 [ 4T] 4 4
L. [— 2: — O — b
(p+ % )X3 - X P b 3 T

?as[p+4—T):bS (p+£]
a b,

p2a® —b®) =4T (b* - 2a*%)
_p(2a3_b3)
4B -2?)
35. p0=p+%=p+hpg
or 2 % 007
:_:—m
hpg 1072 x10% x 10
=14x10° m =14 mm
36. p=pu+%andpng=p(€—x)A

p=py — =
Oi—x
S B - P sol i
. ul,_~ 0 R b L
[=l+x aT T
Po s X
l—x R l
PR _L-x 1 =
2T x x
or  x— { _ 01lm
PR 4 10’5x1x10_ﬁ+
21 2x 506 x 1072
011
_W_101cm
e B ¢
1012

If seal is broken then water will start
rising in the capillary and will go upto a
. T cos O
height, h=
rpg

=101 cos 6,

, 2%506x 107 cos 0
107 % 10° x 10

above Le., it will make convex meniscus
as the tube is of insufficient length.

= Objective Questions (level 1)

1. Net foree is zero, when a body moves
with constant velocity.

-0 =
9. [x]= i _IMLTIILIIT]
[P] ML)
=[T=M T

3.1 ocEl; as with increase in temperature

fluidity increases.
4Ty 4 3 4T] 4
4. +——|x= + +—|x—mb
(po a]xam (Po A ><3:':
( 4TJ 4 4
=| P +— |x—me
¢ 3
pola® + b%) + 4T (@® + b%) = pyc® + 4Tc?
(a) In vacuum, p, =0
= c=q0a% + b°
=y3% +4% =5cm
5. pp < po while, p, = pe = pg
6. ku+Vog=Vpg=ku=Vip-0g
ku:m[l—g]gﬁu:@-[l—g]
P k P

7. Because of the pull due to surface lenses
of liquid at side B, the film will take a
concave shape in side A.

¥
8. 3py =p, +§Pl’2

——oas
[ [EE5 (¢ S —
:;>v=|4ﬂ= xa =400 m/s
Vop 10
9. vxr?andm «r®=vam??
2/3 2/3
.‘ﬁ:[@] _(S_m] A——



10.

11.

12.

13.

14,

15.

16.

17.

18.

. duv
F __nAd_y
W=T0AA =c(n4w? -41R?)
=4no (nr? —R?)
Again R® = nr?,
W=4rno(n.n?? R* —-R?)
W=4nR® (NY3 -1 o
4T B AT
P =Dy +R—1 and p, = py +g
1 1 4T
e 0o
O
R R, R
Pressure decreases along the direction of

flow for viscous fluid even in case of
uniform cross-section and here as
velocity increases with decreasing
cross-section presses further decreases.
So, correct graph is (c).

mg=6nnru,

%nra pg =6rnru,

v, [9x18x107° x 30
P\/ng_\l 2% 10° x 10
=27x09%x10" =493x10* m
=0.5mm
h=2L58 0 cos 0=0=0=00°
reg

2
U:,C(}'2:>%-= & =(1)2 =l
vy n 2 4

=uy Y _5emss

4
po=hpg
:"px+gpg=pu:hpg
:;px:%hngU.Sp():DBxlﬂs Pa
VpG=§Vcwg — p=§cw and

Vpg:%VUgg = o; =3p or

o; =3 x s % =20,

19.

20.

21.

22.

23.

24.

25.

26.
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In sugar solution ice was less immersed
due to high density of liquid. But with
melting ice, density of sugar solution
gets decreased and ice gets more
immersed, displacing more liquid. So,
liquid level will increase.

As apparent weight of the downward
accelerating body decreases. So, that of
water also decreases and this leads to
decrease in magnitude of buoyant force.

Two limbs will have liquids at same level
only when their densities are equal
Le, p=py

As F,>F, and F, =F, +C, again,
fo =F; + Band f; = F| thus f] > f, only
when, C > B but not in all other cases.
Thus, f; > f; is not always correct.

; [2(p, -
plzp.z+‘1ptr3:>y:|u
2 \ P
1

[2x = x
U:

10°
107 =10m/s

Mg -V o g =Ma,
Vog-(M-m)g=(M-m)a,
M(g-ay)=Vog=(M-m)(g+a,)
M(g-ay)-M(g+ag)=—m(g+ay)
—2Ma, =-m (g +a,)

2Ma,

8 +tay

= m=

10x 05x 107
Vo, + Vo, =2V x 4x o,
= o) + 05 =80y ()
Vio, = Va0q; Vo, + Va0,

=(V, + ¥3) .30,

Vldl ] 3g

]

= 2V10'}_ :[Vl o
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217.

28.

29.

30.

31.

... (ii)

Gy

%20, =30, [1 + ﬁ]
2(8c, - 0,) =30, [1 +

GIU
Gg

=8c,, 0y —a3 =1207,

(8o, —oy)
a3

16c, —20, =30, [

" o5 —80,0, +126% =0

i =é[8crw + [640%, — 4807 |
1
~3 [8c, + 40,1

=60, or2c, Similarly for, 6, =20, or
6o,

", Specific gravity of them could be 6
and 2.

Ax0.5x0.9x103xg+100g
=Ax05%x10%x g

=100=A x 05x 01 x 10?
:>A=@=2m2

50
(V-v)p, =382
while Vo =38.2-36.2=2¢
gp—\'./'[:>=38.2
G

2x193

or -38.2=V x19.3

em? =002 em?

1 s F 1
F=Zpghh®=2 -2 poh? =
5P 8bh" = =2 pg

or V= a4

o

1 2
= pgD
3 Pg

| 2gh

=

2
not depend upon p. \ !
WP gup A, Lulr
100 % 107 x 136 107 x 10x 60 10
60/ 72

=136x072W =098 W

av =constant and v = . So v do

—1

32.

33.

34.

35.

36.

37.

38.

Accordings to continuity, @,

=Yout

4x107°% =6x107° +5x 107 +2x 107
+4x10°% +8x107% + @

Q=-21x10"°% m?s
big:ag x%ax pPxg

= a®=4M/3p
= a=(4M/3p)"?
2T cos 0
b=
rpg
T, rhpg/2co8® hpeost
h p'cos O

= =
T, rhpgl2cost
- 10 = 1= cos 135°
 —342x 136 cos 0°
_ Bry i
T 342x136 65
B 2T cos O B 2T cos O
g JAlmnpg
1

= h'x—-,;*—

VA -
P _ l@ A
hy VAy AR
= hy =+2h; =20v2 cm
Volume flow rate =av = a\;"Eg—h

h

-.In steady state,
10* =(1),/2x 1000 x h

h=5cm

Ay B 102 x 2

=— :4111){5
A, 05x1072

UZZ
P+ 3P0} = py + = pu}

1 9 1 9 2
= Py :SOOOPa+éx103x4—%

x 10% x 16
py =8000 Pa + 2000 Pa — 8000 Pa
=2000Pa

8x4/3art=4/3 xR?

= R=2rv, «r’

= vy =4V, =24 cm/s
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JEE Corner

m Assertion and Reason

1.

2.

The magnitude of normal force per unit
area is defined as pressure and so it is
scalar quantity, not a wvector, so
assertion is false.

Assertion and reason are true with
correct explanation.

Assertion is false as plh) = p, + hpg
while p(2h) = p, + 2hpy
p(2h) =2p (h)

Vpg=thile,V(p—c)g=%

iLe.,

= p =3c. Assertion is true and reason
is correct explanation as

B L2 _3

S W-Zw

3

Assertion is false as due to different
cross-sectional area and height of oil
columns will be different producing
different pressures which lead to
different water levels in the limbs of

U-tube.

Assertion is not always true as it also
depends upon the height from ground.
Assertion and reason are both true but
not correct explanation as v depends
upon P while R depends upon v.
Assertion is true and reason is correct
explanation as acceleration or
retardation depends wupon force of
buoyancy which in turn depends upon
densities of ball and liquid.

Assertion is false as barometer
measures air pressure but on moon,
there is no atmosphere to exert pressure,
the barometer reading will be zero.

10.

11.

At P, liquid is in motion such that at that
point pressure is less than atmospheric
pressure. So, assertion is false.

Assertion and reason are both false as
force of buoyancy can be negligible only
when relative density of the body in very
high in comparison to that of air, it is not
true.

= Objective Questions (Level 2)

L

2.

3.

o B 5
g hi2
= a=2g
As ice melts, its volume decreases, so oil

level will decrease, and as volume of
water increases, so level of interface will
rise.

As water is under free fall such that it do
not exert pressure on side wall, so water
do not come out of the hole.

For translational
T+B=12g+24¢g

equilibrium

12g

~1T'=36g -B=1T <36g
24 x6+12gx12—-Bx9=0

9% 24
= PR o it iy
B:%crg:32g
=~  v=%_64x10"m?®
18]
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120 % 10% em?® /120 s

Q
5- =A _———=
Q v=v s

5m?
=200cm/s =2 m/s
Uy _ﬂ_%_loln,“s
A, 1
b= |I@ and R =vt =10m/s
Vg
2x1

§=2/5m=447Tm

V10
6. dF =pgy bdx

F=j§sec{]pgxcos 0bdx

hsec

1.3
=pgbc089§x 5

=%pgbh2 sec O

7. v :ngzgh
p
R L
ag=p
8, fane=® A
g L
W B
g
9 B 26 2o cos O
« Py = Patm r Patm R

Pp =Py +hpg=Dum
10. @ =Ap, = Ay,
=1I? [2gh = nR* \[2gh4h
= I’ =2zR?
R=L/2n

and

11.

12.

13.

14,

15. F

16.

17.

xX=

hy —hy
2

W, =Axpg.x = Apgx”
1
=ZAP§ (hy —hz)z

Ap=hip8 + hapog
=01x 06x 10% x 10+ 002 x 10°* x 10
=600 + 200 =800 Pa

Pa =Dy +pgh
= Ap =pgh
Ps — Py =pal
= Ap =pal

d* d*
RT{2L—2cmfht)pg=B=rcT.ng

:>y=—p—(2L—2cmfh )

o

=%(2L~20mfh t)

=L-1cm/ht
::»ﬂ=—1cmfh
dit



18. dF =pgy.bdy =pgb vdy

= FO > h/D=pgb [ ydy = % og bh?

t(0>h/2=[ dF >(h/2-y)
iz (B
=, (E—y)pgby dy

- w2 by A
=pgb [ 5y ]dy
. hi2
hy® P
eogh |22 X
b [2 2 3
0
1. 1

2149  5pabh’
48 48

5 3 h
e | bh® =F x —
(48 )pg 3
1 3 1 1 2 1
— pgbh” == Fh=F == pgbh” ==
12" g —ge
19. (r—rcos60°) pyg =(r—rcos 30°)0

(cos 30°—cos 60°)p, =(cos 30°+cos 60°)p,
p; cos 307 + cos 60° V3 +1
ps cos 30°-cos 60° 3 -1

=pgbh
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_dp _d
Tdt dt
=(v; + v )pV

2’ (p-og

e

2x9x107% (2x 1260 - 1260) x 10
- 9x1.26

=2x 1072 m/s=2cmfs
d (20-10)cm

Uy 2 em/s

1 2
22. (2p)(g) [%] - (3p)(g)[%]

20. F

dm
(muv) =( )—
muv) = vy + vy it

21. v,

23. 1

- 20m

60x 1

60p,g=hp,g =>h= =15em

I, =15cm + 20 cm =35 cm

V, =1liA =35cc
24. mgsin37°=nA.%
g 3 g D Bapgr
—_— —_ —
¢ pg5 L i 2 U

95. [2gH ¢ =Rand% gt =h

_ [op . 2
PeH. 2R or anH -R? = H -
Vg 4h

26. w+w+ B
- B V mo
> m=m+—=m+—oc=m+——a0o
2 2
7.2

om' =10kg +
2% 7.2

~10.5kg
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% P v H
A 2 3 1
B | 1 2 2
c 4 1 2
FcrA,2+%x 1x3% +1x1x10=165
ForB,l+%x 1x22 +2x 1x10=23
For C, 4 +%x 1x1% +2x1x10=245
So, Bernoulli’s equation gives different
values for A, B and C. Thus, they do not
lie on same stream line.
28. a:E:W-B:Vpg—VGg

m m VP

- {1 - E}g, downward
p

= —(E = l] £, upward
P

29. v=,2¢g BH -x),R=v-t,and x = % gt*
. R=.[2g(8H - x) \J@ =2./(8Hx - x?)
g

ForR=max,@=0
dx
d g B
=2 Jaf -
g Vo=
1

= 3H -20)
2,/3Hx - x?

:>x=§H=L5H
2
30. T=nA-ZandF, -T=n4,; >
: H 0 *H

=F, =n(4; + 4,) %

= ni=7F°
H A, +4,
A Fy

TR A

3l. hx08x g=50x1xg

25 mI
£25 m

= h :@ =625cm
08

Ah =(625-50 cm=125cm

32. v=,2gh

33. R =2/h(H —h)
— & =2N{E(741:TE)"=2J§¢1

34. x; =2.8a(4a-3a) =2VBa=x3  and
Xy :2Jm:4a

X2X3 xq
X) =Xg <Xg
A L A 3L A
85. L-Zpg=—.2.99 22,82,
5° 4 5 e By
o 2 3d_5d
4 4 4
A L
36. p=p, + .5 4 2d- g
AXSL
+H+5 4 dg
2 A
| H 3L
= —x2+ —x2+=—+=_|d
p“+[2x+ "2 20};,:
3H L
= +| — +— | d,
P (2 4]
(6H + L)
=Py 1 d



[%+H—2h)g=v2

or v =

lg
IS (3H - 4h)
Vz(

38. R-vt= [£0H - 4h) 'J@ — Jh GH —4h)
F

1

m More than One Correct

Options
1., @=g=2m.’s
de 1

5.

F=nA Q108 % 10x 2-002N
dx

For liquids viscosity decreaese with
increase in temperature as adhesive and
coheive forces decrease while for gases
due to in random motion with
temperature viscosity increases. Surface
tension decreases due to decrease in
adhesive force with increase in
temperature.

In opposite direction to the displacement
and it is possible only vertical direction.
As, F. =—AB=-cAx g

= F_ « —xirrespective of the value of x.
Ay =Ay,, as Ay <A = vy >

So, p + pgh +.%ppv2 = constant
= Dy “—Plg
aspg =a2lgcs:>—— P _ f

a o

f is independent of atmospheric
pressure, fincreases with decrease in o
and f decreases with decreases inp

’2 x 4h
vy %R 1h N g 2
Uy .J2E4F£ 2! fz ||2 x h 1

10.
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R, _2JhGh-h _Jh-ah _
R, 2 [4h(Bh—h) ~4h-h
P, > P, and P, > P,
W=mg=Vpg, B=V .2pg =2W
G =8 L,

a, ¢ and d are correct.

Aw, =ndr? . [2gh and
Agvy =1’ \[2g16h = 4nr” \[2gh = A,
Ay =Aguy =@

After some time @, =0and @, =0

Voe=Vog = %: =f= constant

al=

Respective of shape.
& A=k~

as for 3rd area is uniform, h is
minimum.

for 2nd area is decreasing faster, h,, is
Moderate.

And for 1st area is slowly, h; is
maximum

hqa <hyand by < hy

= Match the Columns
1.

U= \/Qg_fi%p LU ‘\lllrhTup ’
R is maximum when i = I—;

With increase in temperature, density of
liquid decreases. Furhter,
Upthrust F =Vp, g

or F o«p,
Upthrust F = Vp,g = Vi« h)g
Fah
No solution is required.
F, —F, =Net upthrust
=Vip1g + Vopag

=Weight of cylinder in equilibrium.



