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. ALLEN

Rotational Mechanics

ROTATIONAL MECHANICS
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Rotational Mechanics

6.

ALLEN .
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. ALLEN Rotational Mechanics
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ALLEN .
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. ALLEN Rotational Mechanics
23. THAM m =2 % T HU K feofd, §99 (1) & | 27. SHAE m & TH qve &1 9y = T
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ALLEN
\ 4
SOLUTION 3 o
- . mgL
Ans. (1) = EmgLsme =—5—cos 0
. .. =tan0 =l
initial position 3
Ans. (3)
T —_ >
524 N— .
. SMS——8F 2m,
final position o

Work done by gravity from initial to final

position is,
.
W= ngsm 30

_mg/
4
According to work energy theorem

W:llco2
2

1mf® , mgl
2

3 4
N2r \N2x0.5
3

®=+/30rad /sec

.. correct answer is (1)
Ans. (2)

Let mass of one rod is m.

Balancing torque about hinge point.

mg (C,P) = mg (C,N)

mg(%sin 9) = mg(%cose —Lsin 9)

Applying torque equation about point P.
2M, 2) -5 M, gl = 1o
I =2M, (21)2 + 5M,, 12 = 13 M, 12d
L

13M,° — “T 13y

g . .
o=
137 anticlockwise

Ans. (3)
For Ball
using paralle] axis theorem.

2
Iy = 5 MR® + M(2R)?

ball

_QMRZ
5

44
2 Balls so ?MR2

2 2
Irod = for rod MER) = M;R
system = Ball + Irod

44 MR?
= —MR?+

5 3
EREL
T 15
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. ALLEN Rotational Mechanics
5. Ans.(1) 8. Ans.(2)
25=1x55sin0
dx 1
sin®=0.5= 5
n
0=—
6
9. Ans.(1)
2 2
I = MR +2[MR +MR2j
2
2 2
Consider a strip of radius x & thickness dx, = Mf + M; +2MR?
Torque due to friction on this strip. — 3 MR2
- K <P - 27xdx 10. Ans. (4
.[ T_.([ R? Suppose M is mass and a is side of larger
M
triangle, then — and 2 will be mass and side
_2uF R’ 4 2
= RZ 3 length of smaller triangle.
2
2uFR . ! [aj
T:T removed :i. 2
Ioriginal M (a)Z
.. correct answer is (1) I
I =2
6. Ans. (3) removed 16
_ _1_0_1510
F S0 1= =16 g
11. Ans. 4)
FR 3 MR? Torque for F; force
= — (04
2
- F/n ERf3/.
2F il =§(_1)+ > (‘J)
o= =
SMR T =01 +6]
7. Ans. (2) L = R
20 T, =6 xF = 3Fk
Torque for F, force
) > ! E, =Fk
a
T 2’.\ ’E
40 + £ = m(Ra) ....(i) b=+
40 x R — f x R = mR20, T, =ixF = 3Fi+2F(-])
40 - f =mRa ...... (ii) )
From (i) and (ii) Toee = Tg T 15,
“ =%= 16 = 3Fi+2F(—j)+3F(k)
12. Ans. (2)




IR Rotational Mechanics ALLEN .
13. Ans. (2) 17. Ans.(4)
R 3
= %mR2 +mx’ Sol. M= J.por(2nrdr) = w
0
14. Ans. (3) .
5

15. Ans.(1) I, = [por(2mdr)xr = @
Sol. for solid sphere (MO about COM) 0

1 12 V2 by parallel axis theorem

Emv2 +E.§mR2.? =mgh_, I=1,+MR?

. . 5 3
for solid cylinder _PoX2nR7 Py x27R7 o2 0,27R’ 3
| , 5 3 15
—mv’ +—.— 2V—=mgh
. 2 cyl.
2 R Y — MR2 x §
5
N how _7/5 14 18. Ans.(1)
h, 3/2 15 : S )
y Sol. Given moment of inertia 'T'= 1.5 kgm

16. Ans.(3)

Sol. Angular impulse = change in angular

momentum
T At=AL

m/?

b4
ngX.OI = (0]

- 3gx0.01
20

B 3x10x.01
T 2x03

= 1 =0.5rad/s
2

time taken by rod to hit the ground

(= |20 _ ’2><5 =1sec.
g 10

in this time angle rotate by rod
0 =owt=0.5x1=0.5radian

19.

Sol.

Angular Acc. "a" = 20 Rad/s?

KE = = [o?

1
1200 = 5 1.5 x o

1200x 2
g 1; = 1600

o = 40 rad/s?

W= 0,+ ot

40=0+20t

t = 2sec.

Ans. (4)

Applying angular momentum conservation,

about axis of rotation

L=L,
MI 2 MI 2 LY
®, = +m| — | X2 |®
12 12 2
Mo,
— = .
® M +6m
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. ALLEN Rotational Mechanics _
20. Ans. (2) 23. Ans. (@)
1 1), Sol. L[ =m[Fx¥]
Sol. 5 m+? v~ =mgh m
if radius of gyration is k, then F=2ti-3t
2 _oan 4 _
[1 + ]I;ZJ V2 k ksolid cylinder 1 Sae ! (At = 2 SeC)
h=l R e =g s F et g1y’
2g Rrjng solid cylinder V= =21—6t] =21_12_]
ksolid sphere — \/z TXV= (41 - 12j)>< (21 - 123)
Rsolid sphere 5 —
1 2 _
h,:h,:hy:(1+1): [HEJ: [ng: :20:15: 14 L=m(x¥V)
Therefor most appropriate option is (2) =
athough which in not in correct sequence 24. Ans.4)
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21.

Sol.

22,

Sol.

Ans. (4)
1
Kinetic energy KE = 5 I = kO?

2k6* 2k
o = 0= TG (1)

Differentiate (1) wrt time —

o _._ PE(%)

=Q =
dt I \dt

= o= 22 0 by (1))
I 1
2k

=—20
= o=

Option (4)
Ans. (2)

_ Ao 25x2n
At

S
T [4 ja

= %><5>< 107 x(107%)* x10m

=107 rad/sec’

=1.9625 x 10° Nm
= 2.0x 10 Nm

Sol.

[ Lyalmre = Imr?
16 4

Lo 2(M)pe_2(MR®_ MR’
2 " 518 )4 80
4R =8[ianj
3 3
R =8R’
R = 2R,
2
—7/&11;’[} =%><80=140
80




Rotational Mechanics ALLEN .
25. Ans. (3) bt 25 9) 2 .
= RTET 48 16) 48
d
' _ _11(912
Sol. Y
27. Ans.(2)
Sol. F=-m (aw; cos o)lti + bw; sin o)ztj)
I = I(dm)r =1 = I(c2nrdr)r I =(x,+acos (olt)i +(y, +bsin (ozt)j
T=7xF= -m(Xx, +acos (x)lt)b(x)g sin mztﬁ
2 . A
Ipise = I(kr 2mdn)r®  Mass of disc +m(y, + bsinw,t)am’ coso,tk
R R = mawIZYOlz
I = 2nkIr5dr M= I2nrdr kr? 28. Ans.(4)
6 \R R
d
[ = 2nk(r_J M = 2nk[ rdr N
‘ 6 Jo 0 Sol. dr
R
6 t
Ipiee = - kS M = 2mk—-
isc 6 4 o
dI = (dm)r?
nkR°® ( nkR* |R*2 R* 4 (fj d ,i)rz
IDisc = 3 2 3 M 27'[1(7
M2R2 = [ﬁ2mdrjr2
IDisc = 3 f
= (0, 2m)ridr
202
I. =—MR 8
Dise = 3 1= [di=[o,2mdr
26. Ans.(4) !
2 b3 53
Sol. E = lI1 X @ Pl e =0c,2n a
2 22 4 3
Loj(9) 9, ,
S e U (i PSR JPAS m = |dm = | cdA
3] no Jam=]
Lo, 3l ‘
Lo, 4 9 =002n.!dr
I
jllwl _3_21w m = o, 2 (b-a)
Radius of gyration
5
W= g(Dl k_\/T (b3_a3)
C 1 ><311 ><25 ) m 3(b-a)
= A X, X D
225 236 a +b3 +ab
= 4—811(,012 =
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. ALLEN

Rotational Mechanics

29.

Sol.

Ans. (2)

Angular momentum conservation.

MYV, L =MV, (L—/)

L
M= [L_fj

w, + w, = AKE

—-mgl+w, =%m(\/l2 —Vz)

2
1 ) L
w =mgl/+—mV || — | —1
P T HEETY 0{(L—fj J
)
=mgl/+—mV, || 1-——| -1
g ) 0{( LJ J

Now, ¢ << L
By, Binomial approximation

— mg/ +%mVO2 ((l+%}—l}

=mg/ ﬁL%mVO2 [%j

4
W, =mg/€+mv§z

here, V,= maximum velocity
=X A

g
Vo= eo\/g—L

SO, W, =mg/2+m(90\/g7L)2 -

s

=mg/€(l+6§)






