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Rotational Mechanics

ROTATIONAL MECHANICS
1. 50cm dh ,d NM + ds ,d fljs dks dhydhr fd;k

gSA bldks {kSfrt ls 30° dks.k ij] fp=kuqlkj] mBkdj

fLFkjkoLFkk ls NksM+ fn;k tkrk gSA tc ;g NM+ {kSfrt

voLFkk ls xqtjrh gS rks bldk dks.kh;  pky dk

rad s–1 esa eku gksxk :(fn;k gS :g = 10ms–2)

30°

(1) 30 (2) 
30
2

(3) 
30
2

(4) 
20
3

2. ,dleku æO;eku ?kuRo okyh iryh NM+ksa ls cuh

L-vkdkj dh oLrq dks jLlh dh lgk;rk ls fp=kuqlkj

yVdk;k x;k gSA ;fn AB = BC gks rFkk AB }kjk

uhps dh vksj Å/okZ/kj ds lkFk cuk;k x;k dks.k  q

gS rks:

B

A

C

90º

q

x

z

(1) 
2tan
3

q = (2) 
1tan
3

q =

(3) 
1tan
2

q = (4) 
1tan

2 3
q =

3. yEckbZ 3l okyh ,d n`<+ æO;ekughu NM+ ds fljks ij

nks æO;ekuksa dks fp=kuqlkj tksM+k x;k gSA NM+ dks {kSfrt

v{k ij fcUnq P ij dhydhr fd;k x;k gSA tc bls

izkjafHkd {kSfrt fLFkfr ls NksM+k tkrk gS rks bldk

rkR{kf.kd dks.kh; Roj.k gksxk%&

P 2 M05 M0

l 2l

(1) 
g
2l

(2) 
7g
3l

(3) 
g

13l
(4) 

g
3l

4. fp=kuqlkj izR;sd æO;eku M rFkk f=T;k R okyh nks

,dtSlh xksyh; xsanksa dks yEckbZ 2R rFkk æO;eku M

okyh NM + ds nksuksa fljksa ij fpidk;k x;k gSA fudk;

dk NM+  ds dsUæ ls yEcor~ :i ls xqtjus okyh v{k

ds lkis{k tM+Ro vk?kw.kZ gksxk  %&

2R
RR

(1) 2152
MR

15
(2) 217

MR
15

(3) 2137
MR

15
(4) 2209

MR
15

5. ,d lery dks iksaNs ls lkQ djus dh ,d e'khu }kjk

R f=T;k ds iksaNs dks dqy Å/okZ/kj cy F ls nckdj

mls mldh v{k ds ifjr%  ,d fu;r dks.kh; xfr ls

?kqek;k tkrk gSA ;fn cy F iksaNs ij ,dleku forfjr

gS rFkk iksaNs vkSj lery ds chp ?k"kZ.kkad µ gS rks e'khu

}kjk iksaNs ij yxk;k cy vk?kw.kZ gksxk  :

(1) 
2

FR
3

m (2) µFR/3

(3) µFR/2 (4) µFR/6
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Rotational Mechanics

6. æO;eku M rFkk f=T;k R ds ,d Bksl lekax csykukdkj

jksyj dks ,d fØdsV fip ij {kSfrt cy F] ls [khapk

tk jgk gSA ;g ekurs gq;s fd csyu fcuk fQlys yq<+drk

gS] blds dks.kh; Roj.k dk eku gksxk :

(1) 
3F

2m R (2) 
F

3m R

(3) 
2F

3m R (4) 
F

2m R

7. 5 kg æO;eku rFkk 0.5 m f=T;k ds ,d [kks[kys csyu

ij ,d Mksjh dks yisVk x;k gSA ;fn Mksjh dks vc

40 N ds {kSfrt cy ls [khapk tk;s vkSj] csyu fcuk

fQlys {kSfrt lery ij yq<+drk gS ( fp= nsf[k;s)

rks csyu dk dks.kh; Roj.k gksxk (Mksjh dk æO;eku

rFkk eksVkbZ ux.; gS)

40N

(1) 12 rad/s2

(2) 16 rad/s2

(3) 10 rad/s2

(4) 20 rad/s2

8. 1kg æO;eku ij ewy fcUnq ds lkis{k cy vk?kw.kZ dk

ifjek.k 2.5 Nm gSA ;fn bl ij yxus okyk cy

1 N gS] rFkk d.k dh ewy fcUnq ls nwjh 5m gS rks cy

rFkk fLFkfr lfn'k ds chp dks.k (jsfM;u esa) gS %&

(1) 
p
8

(2) 
p
6

(3) 
p
4

(4) 
p
3

9. æO;eku M rFkk f=T;k R dh ,d fMLd D1 ls leku

æO;eku M rFkk f=T;k R dh nks fMLd D2 vkSj D3

dks vkeus&lkeus n` <+rkiwoZd tksM+k x;k gS (fp=

ns[kf;s)A bl la;kstu dk] fn[kk;s x;s fp=kuqlkj D1

ds dsUæ ls xqtjus okyh v{k  OO' ds lkis{k] tM+Ro

vk?kw.kZ gksxk %&

O

D1

O’

D2 D3

(1) 3MR2 (2) 
2
3

MR2

(3) MR2 (4) 
4
5

 MR2

10. ,d irys Bksl ydM+h ds Qyd ls ,d leckgq

f=Hkqt ABC dkVk x;k gSA (fp= ns[ksa)A n'kkZ;s x;s

vuqlkj D, E rFkk F bldh Hkqtkvksa ds e/; fcUnq gS

rFkk G f=Hkqt dk dsUæ gSA G ls xqtjus okyh rFkk

f=Hkqt ds lery ds yEcor~ v{k ds lkis{k f=Hkqt

dk tM+Ro vk?kw.kZ I0 ogSA ;fn NksVk f=Hkqt DEF

f=Hkqt ABC esa ls fudky fy;k tk;s rks 'ks"k cps gq,

Hkkx dk mlh v{k ds lkis{k tM+Ro vk?kw.kZ I gSA rc%

G

A

C

ED

B F

(1) 0

9
I I

16
= (2) 0

3
I I

4
=

(3) 0I
I

4
= (4) 0

15
I I

16
=
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Rotational Mechanics

11. fn[kk;s x;s fp=kuqlkj ,d r[r ij leku ifjek.k

F ds nks cy 
1F
r

 rFkk 
2F
r

 yxk;s x;s gSaA cy 
2F
r

XY-lery esa gS tcfd cy F1 z-fn'kk ds vuqfn'k

fcUnq ( )2i 3 j+
r r

 ij yxk gSA fcUnq O ds lkis{k bu

cyksa dk vk?kw.kZ gksxk  :

F1

r

F2

r

z

O

x

4m 30°
y

6m

(1) ( )ˆ ˆ ˆ3i 2 j 3k F- -

(2) ( )ˆ ˆ ˆ3i 2 j 3k F+ +

(3) ( )ˆ ˆ ˆ3i 2 j 3k F+ -

(4) ( )ˆ ˆ ˆ3i 2 j 3k F- +

12. æO;eku 20  g okys ,d d.k dks fp=kuqlkj fdlh

oØ ds vuqfn'k fcUnq A ls çkjfEHkd osx 5 m/s

ls fojkekoLFkk ls NksM+k tkrk gSA fcUnq A] fcUnq B

ls Å¡pkbZ h ij gSA d.k ?k"kZ.kjfgr lrg ij fQlyrk

gSA tc d.k fcUnq B ij igq ¡prk gS rks O ds lkis{k

bldk laosx gksxk : (fn;k gS : g= 10 m/s2)

(1) 8kg-m2/s (2) 6kg-m2/s

(3) 3kg-m2/s (4) 2kg-m2/s

13. ,d Bksl xksys dk tM+Ro vk?kw.kZ blds O;kl ds lekUrj

rFkk blls x nwjh ij fLFkr ,d v{k ds lkis{k I(x)

gSA fuEu esa ls dkSulk vkjs[k  I(x) esa x ds lkis{k

ifjorZu dks lgh rjhds ls n'kkZrk gSA

(1)      (2) 

(3) (4) 

14. vkarfjd f=T;k 10 cm, ckg~; f=T;k 20 cm rFkk

yEckbZ 30 cm ds ,d [kks[kys csyu dk tM+Ro vk?kw.kZ]

mldh v{k ds ifjr% I gSA mlh æO;eku ds ,d ,sls

[kks[kys ,oa irys csyu dh f=T;k] ftldk vius v{k

ds ifjr% tM+Ro vk?kw.kZ  I gh gS] gksxh%&

(1) 12 cm (2) 18 cm

(3) 16 cm (4) 14 cm

15. ,d Bksl xksyk rFkk ,d Bksl csyu ftudh f=T;k;sa
leku gS]  ,d vkur ry dh rjQ leku js[kh; osx

ls tk jgs gSa (fp= ns[ksa)A 'kq: ls var rd nksuksa fcuk

fQlys yq<+drs gq;s pyrs gSaA ; s vkur ry ij

vfèkdre mG¡pkbZ  hsph rFkk hcyl rd p<+ ikrs gSa rks

vuqikr 
sph

cyl

h

h  gksxk :-

(1) 
14
15

(2) 
4
5

(3) 1 (4) 
2

5
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Rotational Mechanics

16. 0.3 m yEckbZ ds ,d Bksl vk;rkdkj fMCcs ds ,d

fljs dks 5m mG¡ps IysVQkWeZ ds fdukjs ij {kSfrt

idM+k gqvk gSA tc mls NksM+rs gSa rks yxHkx  {kSfrt

jgrs gq, cgqr de le; t = 0.01s esa est ij ls

fQly tkrk gSA tc ;g tehu ij fxjrk gS rks ;g

yxHkx fdl dks.k (jsfM;u esa) ?kwe tk;sxk :-

h

l

(1) 0.02 (2) 0.28 (3) 0.5 (4) 0.3

17. nzO;eku M vkSj f=T;k R dh ,d o`Ùkh; IysV dk

?kuRo  r(r) = r0r, ds vuqlkj ifjofrZr gks jgk gSA

tgk¡ r0 fLFkjkad gS vkSj r mlds dsUnz ls nwjh gSA IysV

ds yEcor~ vkSj IysV dh ifjf/k ls tkus okyh v{k

ds ifjr% o`Ùkh; IysV dk tM+Ro vk?kw.kZ  I = aMR2

gSA xq.kkad a dk eku gS &

(1) 
3
2

(2) 
1
2

(3) 
3
5

(4) 
8
5

18. ,d fi.M dk fn;s x;s v{k ds ifjr% tM+Ro vk?kw.kZ
1.5 kg m2 gSA vkjEHk esa fi.M fojkekoLFkk esa gSA
1200 J dh ?kw.kZu xfrt ÅtkZ mRiUu djus ds fy;s]
mlh v{k ds ifjr% 20 rad/s2 dk dksf.k; Roj.k fdrus
le;kUrjky rd yxkuk gksxk :-

(1) 2 s (2) 5s (3) 2.5 s (4) 3 s

19. nzO;eku M rFkk yEckbZ L dh ,d iryh NM + dks.kh;
pky w0 ls NM+ ds yEcor~ rFkk mlds dsUnz ls tkus
okyh v{k ds ifjr% Lora= :i ls ?kwe jgh gSA nzO;eku
m rFkk ux.; vkdkj dh nks ef.kdk;sa vkjEHk esa NM +
ds dsUnz ij gSA ;g ef.kdk;sa NM+ ij pyus dks Lora=
gSA ef.kdk;sa tc NM+ ds foijhr fljksa ij igq¡prh gSa]
rks bl foU;kl dh dks.kh; pky gksxh :-

(1) 0M

M 3m

w
+

(2) 0M

M m

w
+

(3) 0M

M 2m

w
+

(4) 0M

M 6m

w
+

20. fuEu oLrq,¡ ,d {kSfrt lery ls ,d > qds gq, lery

ij yq<+drs gq, (fcuk fQlys) Åij dh vksj p <+rh

gSa : (i) f=T;k R dk ,d oy;, (ii) f=T;k 
R
2

dk ,d

Bksl csyu rFkk (iii) f=T;k 
R
4

dk ,d Bksl xksykA

;fn izR;sd oLrq ds æO;eku dsUæ dh xfr;k¡ >qds gq,

lery ds fuEu fcUnq ij cjkcj gksa] rks muds }kjk p<+h

x;h vf/kdre Å¡pkb;ksa dk vuqikr gksxk  :

(1)  4 : 3 : 2 (2) 14 : 15 : 20

(3) 10 : 15 : 7 (4) 2 : 3 : 4

21. ,d fLFkj {kSfrt fM+Ld viuh v{k ds ifjr%  ?kweus

ds fy;s Lora= gSA tc bl ij ,d cy vk?kw.kZ yxk;k

tkrk gS] rks bldh xfrt ÅtkZ q ds Qyu esa kq2 ls

nh tkrh gS] tgk¡ q ifjHkze.k dks.k gSA ;fn bldk

tM+Ro vk?kw.kZ gS I gS rks bldk dks.kh; Roj.k gksxk :

(1) 
k
2I

q (2) 
k
I

q (3) 
k
4I

q (4) 
2k
I

q

22. 5 g nzO;eku rFkk 1 cm f=T;k ds /kkrq ds ,d flDds

dks ,d iryh ux.; nzO;eku dh NM+ AB ls fp=kuqlkj

tksM+k tkrk gSA ;g fudk; vkjEHk esa fLFkjkoLFkk esa gSA

bls AB ds ifjr% 5 s rd 25 pDdj izfr lsd.M

dh xfr ls ?kqekus ds fy;s fu;r cy vk?kw.kZ dk lfUudV

eku gksxk :

1cm

B

A

(1) 4.0 × 10–6 Nm

(2) 2.0 × 10–5 Nm

(3) 1.6 × 10–5 Nm

(4) 7.9 × 10–6 Nm
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Rotational Mechanics

23. nzO;eku m = 2 ds ,d d.k dh fLFkfr] le; (t) ds

vuqlkj = -
r 2ˆ ˆr(t) 2t i 3t j  gSA bl d.k dk ewyfcUnq ds

lkis{k t = 2 ij dks.kh; laosx gksxk :

(1) ˆ36 k (2) - -ˆ ˆ34(k i)

(3) +ˆ ˆ48(i j) (4) - ˆ48k

24. nzO;eku M rFkk f=T;k R ds ,d Bksl xksys dks nks

vleku fgLlksa esa ck¡Vk tkrk gSA 
7M
8

 nzO;eku ds igys

fgLls dks ,d 2R f=T;k dh ,dleku fMLd esa cnyk

tkrk gSA cps gq;s fgLls ls ,d ,dleku Bksl xksyk

cuk;k tkrk gSA ekukfd I1 fMLd dk mldh v{k ds

ifjr% tM+Ro vk?kw.kZ gS rFkk I2 u;s xksys dk mlds v{k

ds ifjr% tM+Ro vk?kw.kZ gSA vuqikr  I1/I2 gksxk :

(1) 185 (2) 65 (3) 285 (4) 140

25. nzO;eku M rFkk f=T;k R dh ,d iryh fMLd dk

izfr bdkbZ {ks=Qy nzO;eku s(r) = kr2 gS tgk¡ r dsUnz

ls nwjh gSA fMLd ds dsUnz ls tkus okyh rFkk blds

yEcor~ v{k ds ifjr% tM+Ro vk?kw.kZ gksxk  :

(1)
2MR

6
(2) 

2MR
3

(3)
22MR

3
(4) 

2MR
2

26. tM+Ro vk?kw.kZ I1 rFkk 1I

2
dh nks lev{kh; fMLd dks.kh;

osx w1 rFkk 
w1

2
, Øe'k%] ls viuh mHk;fu"B v{k ds

ifjr% ?kwe jgha gSA tc nksuksa fMLd dks lVk fn;k tkrk

gS rks os cjkcj dks.kh; osx ls ?kwers gSA ;fn Ef rFkk

Ei vafre ,oa izkjfEHkd dqy ÅtkZ,¡ gksa rks (Ef – Ei)

dk eku gksxk :

(1)
w2

1 1I
12

(2) w2
1 1

3
I

8

(3)
w2

1 1I
6

(4) 
w2

1 1I
24

27. nzO;eku m ds ,d fi.M dk iFk fuEu gSA

x = x0 + a cosw1t

y = y0 + b sinw2t

t = 0 ij] ewyfcanq ds lkis{k fi.M ij yxus okyk
tM+Ro vk?kw.k gksxk  :

(1) m (–x0b + y0a) w2
1 k̂

(2) +my0aw2
1 k̂

(3) – w - w2 2
0 2 0 1

ˆm(x b y a )k

(4) Zero

28. fdlh o`Ùkkdkj fMLd dh f=T;k b gSa blesa ,d fNæ
blds dsUæ ij cuk gS] ftldh f=T;k a gS] fp= nsf[k,A
;fn fMLd ds izfr&,dkad&{ks=Qy dk æO;eku]

0

r
sæ ö

ç ÷
è ø

 ds vuqlkj ifjofrZr gksrk gSa rks] blds dsUnz ls

xqtjus okyh v{k ds ifjr% fMLd dh ifjHkze.k f=T;k
gksxh :

a

b

(1) 
a b

2
+

(2) 
a b

3
+

(3) 
2 2a b ab

2
+ +

(4) 
2 2a b ab

3
+ +

29. ,d O;fDr (æO;eku = M), L yEckbZ ds ,d >wys
ij > wy jgk gSaA > wys dks dks.kh; vk;ke q0 gSA > wys
ds vius fuEure fcUnq ls xqtjrs le ;] og O;fDr
>wys ij [kM+k gks tkrk gSA ;fn [kM+s dksus ls ml O;fDr
dk æO;eku dsUæ l (l < < L), nwjh ls foLFkkfir gks
tkrk gSA rks] O;fDr }kjk fd;k x;k dk;Z gksxk :

(1) Mgl

(2) Mgl (1 + q0
2)

(3) Mgl (1 – q0
2)

(4) Mgl 
2
01

2

æ öq
+ç ÷

è ø
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Rotational Mechanics

SOLUTION
1. Ans. (1)

l

30°

final position

initial position

Work done by gravity from initial to final
position is,

W mg sin 30
2

= °
l

mg
4

=
l

According to work energy theorem

21
W I

2
= w

2
21 m mg

2 3 4
Þ w =

l l

3g 3 10
2 2 0.5

´
w = =

´l

30 rad /secw =
\ correct answer is (1)

2. Ans. (2)

mg

N
q C2

M

mg

C1

P

q

Let mass of one rod is m.
Balancing torque about hinge point.
mg (C1P) = mg (C2N)

L L
mg sin mg cos Lsin

2 2
æ ö æ öq = q - qç ÷ ç ÷
è ø è ø

3 mgL
mgLsin cos

2 2
Þ q = q

1
tan

3
Þ q =

3. Ans. (3)

5M0

l 2l
2M0

P a
Applying torque equation about point P.
2M0 (2l) – 5 M0 gl = Ia
I = 2M0 (2l)2 + 5M0 l2 = 13 M0l2d

\
0

2
0

M g
13M

a = -
l

l
  Þ a = -

l

g
13

\ a =
l

g
13

 anticlockwise

4. Ans. (3)
For Ball
using parallel axis theorem.

I
ball

 = 
2
5

MR2 + M(2R)2

= 
22
5

 MR2

2 Balls     so    
44
5

MR2

Irod = for rod  
2 2M(2R) MR

R 3
=

I
system

 = I
Ball

 + I
rod

   = 
44
5

MR2 + 
2MR

3

   = 
137
15  MR2ALL
EN



ALLEN 7

no
de

06
\B

0B
0-

BA
\K

ot
a\

JE
E 

M
ai

n\
Je

e M
ai

n-
20

19
_S

ub
jec

t T
op

ic 
PD

F W
ith

 S
ol

ut
io

n\
Ph

ys
ics

\H
in

di
\1

8-
Ro

ta
tio

na
l M

ec
ha

ni
cs

H

Rotational Mechanics

5. Ans. (1)

x

dx

Consider a strip of radius x & thickness dx,

Torque due to friction on this strip.

R

2
0

x F 2 xdx
d

R
m × p

t =
pò ò

3

2

2 F R
3R

m
t = ×

2 FR
3

m
t =

\ correct answer is (1)

6. Ans. (3)

F

 FR = 23
MR

2
a

a =  
2F

3MR

7. Ans. (2)

40

f
a

a

40 + f = m(Ra) .....(i)
40 × R – f × R = mR2a
40 – f = mRa   ...... (ii)
From (i) and (ii)

40 16
mR

a = =

8. Ans. (2)
2.5 = 1 × 5 sin q

sin q = 0.5 = 
1
2

q = 
6
p

9. Ans. (1)

I = 
2 2

2MR MR
2 MR

2 4

æ ö
+ +ç ÷

è ø

  = 
2 2

2MR MR
2MR

2 2
+ +

  = 3 MR2

10. Ans. (4)

Suppose M is mass and a is side of larger

triangle, then 
M
4

 and 
a
2

 will be mass and side

length of smaller triangle.

2

removed
2

original

aM
I 24
I M (a)

æ ö
ç ÷
è ø= ×

0
removed

I
I

16
=

So, 0 0
0

I 15I
I I

16 16
= - =

11. Ans. (4)
Torque for F1 force

( ) ( )1

F F 3ˆ ˆF i j
2 2

= - + -
r

1
ˆ ˆr 0i 6j= +

r

1F 1 1r Ft = ´
rrr

 = ˆ3Fk

Torque for F2 force

2
ˆF Fk=

r

2
ˆ ˆr 2i 3j= +

r

2F 2 2r Ft = ´
rrr

 = ( )ˆ ˆ3Fi 2F j+ -

1 2net F Ft = t + t
r r r

= ( ) ( )ˆ ˆ ˆ3Fi 2F j 3F k+ - +

12. Ans. (2)

ALL
EN



8 ALLEN

no
de

06
\B

0B
0-

BA
\K

ot
a\

JE
E 

M
ai

n\
Je

e M
ai

n-
20

19
_S

ub
jec

t T
op

ic 
PD

F W
ith

 S
ol

ut
io

n\
Ph

ys
ics

\H
in

di
\1

8-
Ro

ta
tio

na
l M

ec
ha

ni
cs

H

Rotational Mechanics

13. Ans. (2)

I = 2 22
mR mx

5
+

14. Ans. (3)
15. Ans. (1)
Sol. for solid sphere

2
2 2

sph.2

1 1 2 v
mv . mR . mgh

2 2 5 R
+ =

for solid cylinder

2
2 2

cyl.2

1 1 1 v
mv . mR . mgh

2 2 2 R
+ =

Þ
sph.

cyl.

h 7 / 5 14
h 3/ 2 15

= =

16. Ans. (3)
Sol. Angular impulse = change in angular

momentum

t Dt = DL

mg .01
2

´
l

 = 
2m

3
w

l

3g 0.01
2
´

w =
l

= 
3 10 .01

2 0.3
´ ´

´

= 
1

0.5
2

= rad/s

time taken by rod to hit the ground

t = 2h 2 5
1

g 10
´

= = sec.

in this time angle rotate by rod

q = wt = 0.5 × 1 = 0.5 radian

17. Ans. (4)

Sol. ( )
R 3

0
0

0

2 RM r 2 rdr
3

r ´ p´
= r p =ò

( )
( )

R 5
2 0

0
0MOI about COM

2 R
r 2 rdr r0 5

I r ´ p
= r p ´ =ò

by parallel axis theorem
I = I0 + MR2

5 3
2 50 0

0
2 R 2 R 8R 2 R
5 3 15

r ´ p r ´ p
= + ´ = r p ´

2 8MR
5

= ´

18. Ans. (1)
Sol. Given moment of inertia 'I' = 1.5 kgm2

Angular Acc. "a" = 20 Rad/s2

KE = 
1
2

Iw2

1200 = 
1
2

1.5 × w2

w2 = 
1200 2

1.5
´

 = 1600

w = 40 rad/s2

w = w0 + at
40 = 0 + 20 t
t = 2sec.

19. Ans. (4)
Sol. Applying angular momentum conservation,

about axis of rotation
Li = Lf

22 2

0

ML ML L
m 2

12 12 2

æ öæ öw = + ´ wç ÷ç ÷ç ÷è øè ø

Þ w = 0M

M 6m

w
+

.
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20. Ans. (2)

Sol.
2

2

1 Im v mgh
2 R

æ ö+ =ç ÷
è ø

if radius of gyration is k, then

h = 

2
2

2
k1 v
R
2g

æ ö
+ç ÷

è ø , ring

ring

k
R

 = 1,   
solid cylinder

solid cylinder

k 1
R 2

=

solid sphere

solid sphere

k 2
R 5

=

h1 : h2 : h3 :: (1 + 1) : 
11
2

æ ö+ç ÷
è ø

: 
21
5

æ ö+ç ÷
è ø

: : 20 : 15 : 14

Therefor most appropriate option is (2)
athough which in not in correct sequence

21. Ans. (4)

Sol. Kinetic energy KE = 
1
2

Iw2 = kq2

Þw2 = 
22k

I
q

Þ w =
2k
I

q ....(1)

Differentiate (1) wrt time ®

d 2k d
dt I dt
w qæ ö= a = ç ÷

è ø

Þ a = 
2k 2k·
I I

 q {by (1)}

Þ a =
2k
I

q

Option (4)
22. Ans. (2)

Sol. a = 
Dw ´ p

= = p
D

225 2
10 rad / sec

t 5

t = 
æ ö aç ÷
è ø

25
MR

4

= - -´ ´ ´ ´ p3 2 25
5 10 (10 ) 10

4

= 1.9625 × 10–5 Nm
;  2.0 × 10–5 Nm

23. Ans. (4)

Sol. = ´
r r r
L m[r v]

m = 2 kg

= -
r 2ˆ ˆr 2t i 3t j

= -ˆ ˆ4 i 12 j (At t = 2 sec)

= = - = -
r

r dr ˆ ˆ ˆ ˆv 2 i 6t j 2i 12 j
dt

´ = - ´ -
r r ˆ ˆ ˆ ˆr v (4i 12 j) (2i 12 j)

= - ˆ24 k

= ´
r r r
L m(r v)

= - ˆ48k

24. Ans. (4)

Sol. I1 = 
æ ö
ç ÷ æ öè ø = ´ =ç ÷

è ø

2

2 2

7M
(2R)

7 78 4 MR MR
2 16 4

I2 = 
æ ö æ ö= =ç ÷ ç ÷
è ø è ø

2 2
2
1

2 M 2 M R MR
R

5 8 5 8 4 80

æ öp = pç ÷
è ø

3 3
1

4 4
R 8 R

3 3

R3 = 8 3
1R

R = 2R1

\ = = ´ =
2

1
2

2

I 7 / 4 MR 7
80 140

MRI 4
80ALL
EN
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Rotational Mechanics

25. Ans. (3)

Sol. r
dr

IDisc = Þ = s pò ò
R R

2 2
Disc

0 0

(dm)r I ( 2 rdr)r

IDisc = pò
R

2 2

0

(kr 2 rdr)r Mass of disc

IDisc = p ò
R

5

0

2 k r dr M = pò
R

2

0

2 rdr kr

IDisc = 
æ ö

p ç ÷
è ø

R6

0

r
2 k

6 M = p ò
R

3

0

2 k r dr

IDisc = p
6R

2 k
6

M = p
R4

0

r
2 k

4

IDisc = 
æ öp p

= ç ÷
è ø

6 4 2kR kR R 2
3 2 3 M = p

4R
2 k

4

IDisc = 
2M2R

3

IDisc = 22
MR

3

26. Ans. (4)

Sol. Ei = 
w

´ w + ´
2

2 1 1
1 1

I1 1
I

2 2 2 4

   = 
w æ ö = wç ÷

è ø

2
21 1

1 1

I 9 9
I

2 8 16

I1w1 + 
w

= w1 1 1I 3I

4 2

w = w1
1 1

3I5
I

4 2

w = w1
5
6

Ef = ´ ´ w21
1

3I1 25
2 2 36

   = w2
1 1

25
I

48

Þ Ef – Ei = 
-æ öw - = wç ÷

è ø
2 2

1 1 1 1
25 9 2

I I
48 16 48

= 
- w2

1 1I
24

27. Ans. (2)

Sol. F = –m w w + w w2 2
1 1 2 2

ˆ ˆ(a cos ti b sin tj)

= + w + + w
r

0 1 0 2
ˆ ˆr (x acos t)i (y bsin t) j

= ´ = - + w w w
r rr 2

0 1 2 2
ˆT r F m(x a cos t)b sin t k

+ + w w w2
0 2 1 1

ˆm (y bsin t)a cos t k

= maw1
2y0 k̂

28. Ans. (4)

Sol. dr
r

dm

dI = (dm)r2

= (s dA)r2

= 
20 2 rdr r

r
sæ öpç ÷

è ø

= (s0 2p)r2dr

I = 
b

2
0

a

dI 2 r dr= s pò ò

3 3

0

b a
2

3

æ ö-
= s pç ÷

è ø

m dm dA= = sò ò

   
b

0
a

2 dr= s pò

m = s0 2p (b-a)
Radius of gyration

I
k

m
= = 

3 3(b a )
3(b a)

-
-

= 
3 3a b ab

3

æ ö+ +
ç ÷
è ø
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Rotational Mechanics

29. Ans. (2)
Sol. Angular momentum conservation.

0 1MV L MV (L )= - l

1 0

L
V V

L
æ ö= ç ÷-è øl

wg + wp  = DKE

( )2 2
p 1 0

1
mg w m V V

2
- + = -l

2
2

p 0

1 L
w mg mV 1

2 L

æ öæ ö= + -ç ÷ç ÷ç ÷-è øè ø
l

l

2
2
0

1
mg mV 1 1

2 L

-æ öæ ö= + - -ç ÷ç ÷ç ÷è øè ø

l
l

Now, l  << L
By, Binomial approximation

= 
2
0

1 2
mg mV 1 1

2 L
æ öæ ö+ + -ç ÷ç ÷

è øè ø

l
l

2
0

1 2
mg mV

2 L
æ ö= + ç ÷
è ø
l

l

2
p 0W mg mv

L
= +

l
l

here, V0 = maximum velocity
= w × A

= 0

g
( L)

L

æ ö
qç ÷ç ÷

è ø

0 0V gL= q

so, ( )2

p 0w mg m gL
L

= + q
l

l

( )2
0mg 1= + ql
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