DPP No. : B32 (JEE-MAIN)

Total Marks : 60 Max. Time : 40 min.
Single choice Objective ('—1' negative marking) Q.1 to Q.20 (3 marks 2 min.) [60, 40]

10.

11.

Write the theorem of parallel axes for the given figure, where G is the centre of ? -
mass of the body : ! d
(A) I =1 — Md?
(B) I =l + Md?
(©) I + 1 = Md?
(D) le = | + Md?

The moment of inertia of a thin scale of length L and mass M about an axis passing through the centre
of mass and perpendicular to its length would be

S 2 S M1 2 CM12
A) "ML (B) ML (C)'ML

D) ML?
12 4 3 )

The moment of inertia of a solid sphere of mass M and radius R about a tangential axis is

5 2 2.2 2. 2 AV
A) —MR B) —=MR C) —MR D) —MR
()3 ()5 ()3 ()5

The moment of inertia of solid sphere is 20 kg-m? about the diameter. The moment of inertia about any
tangent will be :
(A) 70 kg-m? (B) 35 kg-m? (C) 50 kg-m? (D) 20 kg-m?

A wheel of mass 10 kg has a moment of inertia of 160 kg m? about its own axis, the radius of gyration
will be :
(A) 10 m (B)8m (©6m (D)4 m

From the theorem of perpendicular axes. If the lamina is in X- Y plane
(A) Ix=Ily=1Iz B) Ix+1z=1y ©C)Ix+ly=1; (D) ly + 1z = Ix
The moment of inertia of a thin ring of mass M and radius R about its diameter is

(A)%MRZ (B) gMRZ (C) MR2? (D) 2MR2

The rotational kinetic energy of a rigid body of mass m rotating about a fixed axis with angular velocity
o having I as moment of inertia about that axis, is :

1 1 5 1 5 1 -
A) —m B) =1 C) =1 D) —.mv
()20) ()20 ()200 ()2

The moment of inertia of a uniform thin rod of length L and mass M about an axis passing through a
point at a distance of L/3 from one of its ends and perpendicular to the rod is

WS ML2 ML2 ML?
(A)

28 ® 5 © % ® 5

Two rings have their moments of inertia in the ratio 2 : 1 and their diameters are in the ratio 2 : 1. The
ratio of their masses will be
A)2:1 B)1:2 C1:4 D)1:1

One circular ring and one circular disc, both are having the same mass and radius. The ratio of their
moments of inertia about the axes passing through their centres and perpendicular to their planes. will
be

A)1:1 B)2:1 ©) 12 D)4:1
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12.

13.

14.

15.

16.

17.

18.

19.

A 1.0kg ball drops vertically into a floor from a height of 25 cm. It rebounds to a height of 4cm. The
coefficient of restitution for the collision is -

(A) 0.16 (B) 0.32 (C) 0.40 (D) 0.56

>

If the angle between two vectors is 30°, then : 5 | is:
X

>

|
1
(A) e

3
(B)\3
©) 1
(D) cannot be determined because values of |A | and |I§ | are not given .

A body of mass 2kg travels according to the law x(t) = pt + gt? + rt®> where p = 3ms™, g = 4ms~2and
r =5 ms=3. The force acting on the body at t = 2 seconds is
(A) 136 N (B) 134 N (C) 158 N (D) 68 N

A body with mass 5 kg is acted upon by a force IE:(—3T+4])N. If its initial velocity at t = 0 is

V=6i —12] ms, the time at which it will just have a velocity along the y-axis is :
(A) never (B) 10 s ©2s (D)15s

A car is moving on a plane inclined at 30° to the horizontal with an acceleration of 9.8 m/s? parallel to
the plane upward. A bob is suspended by a string from the roof. The angle in degrees which the string
makes with the vertical is : (Assume that the bob does not move relative to car) [g = 9.8 m/s?]

(A) 20° (B) 30° (C) 45° (D) 60°

The density of a non-uniform rod of length 1m is given by p(x) = a(1+bx?)
where a and b are constantsand o< x<1 .
The centre of mass of the rod will be at

A) i(z +b) @ 42+ © 36+b) ) 2B+b)
(3+D) 3(3+b) 3(2+b) 3(2+b)

Figure shows the roller coaster track. Each car will start from rest at point A and will roll with negligible
friction. It is important that there should be at least some small positive normal force exerted by the
track on the car at all points, otherwise the car would leave the track. With the above fact, the minimum
safe value for the radius of curvature at point B is (g = 10 m/s?) :

A

25m

(A)20m (B) 10 m (C)40m (D) 25 m

The angular velocity of a rigid body about any point of that body is same:

(A) only in magnitude

(B) only in direction

(C) both in magnitude and direction necessarily

(D) both in magnitude and direction about some points, but not about all points.
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20. Two particles tied to different strings are whirled in a horizontal circle as shown in figure. The ratio of
lengths of the strings so that they complete their circular path with equal time period is:

(A) > (B) 3 ©O1 (D) None of these



DPP No. : B32 (JEE-MAIN)

Total Marks : 60
Single choice Objective ('-1' negative marking) Q.1 to Q.20

Max. Time : 40 min.
(3 marks 2 min.) [60, 40]

ANSWER KEY OF DPP No. : B32

1. (B) 2. (A) 3. (D) 4, (A) 5. (D) 6. (C) 7. (A)
8. (C) 9. (B) 10. (B) 11. (B) 12. (C) 13. (B) 14. (A)
15. (B) 16. (B) 17. (A) 18. (A) 19. (C) 20. (B)
1. Write the theorem of parallel axes for the given figure, where G is the centre of mass of the body :
A T o & fog warR et Ay foral | w8l G avg &1 SIhH d ©
!
1
|

(A) I =1 — Md? (B*) I = I + Md? (C)1+Ic=Md? (D) I =1+ Md?
Sol. 1=1Ig+ Md?
2. The moment of inertia of a thin scale of length L and mass M about an axis passing through the centre of

mass and perpendicular to its length would be

M SIHHE TUT L o918 Tl Udel YA &1 SUd! oEIg @ orddd dll SR ds 9 URd e & e

S IMMETT B |

- ML - ML2 - ML
A*) - B C D) ML?
(A%) 12 (B) 7 (C) 3 (D)
2
Sol. 1= MLY
12

3. The moment of inertia of a solid sphere of mass M and radius R about a tangential axis is

M S&HE 9 R 3901 &1 (& 319 el &1 39 S DI Rl IR g5 MeT & AUl STecd Mgl & A 8l

g |

(A) SMR? (B) 2MR? (C) 2 MR2 (D*) T MR?

3 5 3 5
Sol. 1=2 +MR2= LMR?
5 5

4. The moment of inertia of solid sphere is 20 kg-m? about the diameter. The moment of inertia about any

tangent will be :
foodll S el &1 < @ URa: STscd Mgei 20 kg-m2 & | el & ¥RT X1 & URd: e Mol 81T |
(A*) 70 kg-m? (B) 35 kg-m? (C) 50 kg-m? (D) 20 kg-m?




Sol. 1I= %MRZ = 20 kg-m?

= gMRZ = 70 kg-m?

5. A wheel of mass 10 kg has a moment of inertia of 160 kg m? about its own axis, the radius of gyration
will be :
10 kg STAM & UH Ul HT SHD! 31&T & GRA: TSed MYl 160 kg m2 & | S goiF e gl |
(A)10m (B) 8 m (C)6m (D*)4 m
6. From the theorem of perpendicular axes. If the lamina is in X- Y plane
A el B YA W I ged X-Y o H B d—
(A) Ix— Iy =1z (B) Ix+ 1= Iy (C*) Ix + Iy =1 (D) Iy + ;= Ix
Sol. Ix + Iy =1z
7. The moment of inertia of a thin ring of mass M and radius R about its diameter is
Th M GHE do R 3o @ udel 9o @ a1 § Reud @ & uRa: STew amget gdr g—
(A¥) %MR2 (B) %MRZ (C) MR2 (D) 2MR?
Sol. using perpendicular axis theorem
I S1el B UHT A
1= 1MR?
2
8. The rotational kinetic energy of a rigid body of mass m rotating about a fixed axis with angular velocity

o having I as moment of inertia about that axis, is :

m S B §¢ 9] ReR 181 & W& o SO 97 | FoF o= @ © | AR S9H goiF e & |
S Imget 1 81 a1 fave @t goia o st 2

1 2 1 2 1.9 1 2
A) —m B) —1 C*) =1 D) —,m
()2(0 ()2a ()2(0 ()2v
Sol.  o?
2
9. The moment of inertia of a uniform thin rod of length L and mass M about an axis passing through a

point at a distance of L/3 from one of its ends and perpendicular to the rod is
THEHAA Udell BS Pl Tz L AU S M B 39 BS BT 39 U AR A L3 g0 R R g A
TORA dTell TAT B & A=dd 31&T & AIUE STScd MMl BN

7ML2 ML2 ML2 ML2
A B*) —— C) — D) —
(A) 18 (=) 9 (€) 12 (D) 3

2 2 2
Sol. I=&+m Ly M-
12 6 9

10. Two rings have their moments of inertia in the ratio 2 : 1 and their diameters are in the ratio 2 : 1. The
ratio of their masses will be
Q gAAl B TS ATYYT BT U 2 : 12 TAT b AN FHT AU 2 : 1| I JorA B GHAAT B
T B |
(A)2:1 (B*)1:2 (C)1:4 (D)1:1

| M, R?
Sol. 1= 12

I2 M2 R3

M

-1 = -2

M,

=2 :1




1.

Sol.

12,

Sol.

13.

14,

15.

One circular ring and one circular disc, both are having the same mass and radius. The ratio of their
moments of inertia about the axes passing through their centres and perpendicular to their planes. will
be

T JTPR o T4 b JATbR bl &l & Segq Ud FBroamd 99 € | 399 dal & oW ad Gd bl
H T[ORA dTel @l & uRa: STscd MO BT U © |

(A)1:1 (B*)2:1 (C)1:2 (D)4 :1
2

|—1= MR =2:1

l, MR?
2

A 1.0kg ball drops vertically into a floor from a height of 25 cm. It rebounds to a height of 4cm. The
coefficient of restitution for the collision is -

1.0kg A dTell I Al B TR 25 cm & Has | SwER RA &1 98 4em PSS dD
I SV B | TIBR P YA [ONH 5—

(A) 0.16 (B) 0.32 (C*) 0.40 (D) 0.56

Velocity just before collision = u = /2gh = J5 m/s

THFR & SIP U8 9 = u= [2gh = /5 m/s

velocity just after collision =v = /2gh' = /0.8 m/s

TFPR B S UAR] 9 =v = ,[2gh’ = /0.8 m/s

e=Y-04
u

>
ol

If the angle between two vectors is 30°, then is:

>
o

X

| AxB|
afy @ wRw & 9 Pror 3008 A li*'Bélmqmgm:

X

(A)—=

J3
(B*)V3
(C) 1
(D) cannot be determined because values of |A | and |§ | are not given .

od & far S wwar wife |A| 9o |B | w1 uRErr &t feur w2

A body of mass 2kg travels according to the law x(t) = pt + qt?> + rt> where p = 3ms™, q = 4ms~2and
r=5ms=.

The force acting on the body at t = 2 seconds is

(A*) 136 N (B) 134 N (C) 158 N (D) 68 N

2kg TIEE &1 B i FHERO x(t) = pt + qt? + it & ATAR A B B, I8l p = 3ms™!, q = 4ms2 3R
r=5ms3g|

t=2s R fig R &= d1e 9o B—

(A*) 136 N (B) 134 N (C) 158 N (D) 68 N

A body with mass 5 kg is acted upon by a force I§=(—3iA+4])N. If its initial velocity at t = 0 is
V= 6?—12] ms™, the time at which it will just have a velocity along the y-axis is :

(A) never (B*)10 s (C)2s (D)15s

5kg T @ fadl file W @1E 91 F = (=30 +4])N ®1d &= @I 8| I t= 0 W fie &1 gRM¥® a7
V=6i-12] ms' &, A1 98 THI ST SADI I DI y e B AR M, B

(A) 41 8T (B*) 10s (C)2s (D)15 s



16.

Sol.

17.

Sol.

18.

Sol.

19.

A car is moving on a plane inclined at 30° to the horizontal with an acceleration of 9.8 m/s? parallel to
the plane upward. A bob is suspended by a string from the roof. The angle in degrees which the string
makes with the vertical is : (Assume that the bob does not move relative to car) [g = 9.8 m/s?]

30° BT Gl T Fd Tl W UH BR 9d T d TR HU Bl 3R 9.8 m/s2 & w@RUT A 7T &R B 2|
PR B Bd 9 SR §RT & dladd (bob) cHT B3N 2| SR §RT IedieR & A1 g9 141 oy (Gl )
T BRM ¢ (AT AlAd (bob), BR & ATUET T 721 d_al 8) [g = 9.8 m/s?]

(A) 20° (B*) 30° (C) 45° (D) 60°

From frame of car, the effective acceleration (gefr) due to gravity shall be measured as shown in figure.
Hence get makes an angle 30° with vertical direction (down wards). Since the string aligns with
direction of gerr in equilibrium, the required angle is 6 = 30°.

PR & (KT TF A, g9 TEET @R (gerr) RN T 7 & AR 10T SR | AT gert SHEATER
feem (R & SIR) | 30° BT BV 1T & | fb AT ATATERRAT H ger DI 2 H (A 79 B FpaRerd

HY oIl B, SAfO 3MMAeIB HIv O = 30° BT |

The density of a non-uniform rod of length 1m is given by p(x) = a(1+bx?)
where a and b are constantsand o< x<1 .
The centre of mass of the rod will be at
1m &) ffl 3FIFHY B &1 U9 39 UHR Aa fhar T 7 p(x) = a(1+bx?)
TRfad b Rerid € dam o< x< 181 .
39 B B SHAM & H= 8NN
i(2+b) (B) 4(2+Db) ©) 3(3+b) (D) 4(3 +b)
(3+b) 3(3+b) 3(2+b) 3(2+b)
When b — 0, the density becomes uniform and hence the centre of mass is at x = 0.5. Only option (A)
tendsto0.5asb —> 0
9 b— 0, T@ UH FAM B Ol & R AT ¥ &% x = 0.5 R 8FM| o4 b — 0 Al daal
famed (A) @ 3R wgd BT B |

Figure shows the roller coaster track. Each car will start from rest at point A and will roll with negligible
friction. It is important that there should be at least some small positive normal force exerted by the
track on the car at all points, otherwise the car would leave the track. With the above fact, the minimum
safe value for the radius of curvature at point B is (g = 10 m/s?) :

o W R PR (3[E) BT 1Y YR & | TS dR fog A A R 4 & el 8 q1 999 881 9§
Jeabdl 21 71 & I fIgell RT R R TS I g1 o1 JAMILISH 2 | 3TIA HR YT Bl BIg
<l | 39 927 B &I Y gU B fivg WX ashdl frear o1 < R qe 8~ (g =10 m/s?)

(A%)

A

25m

(A%) 20 m (B) 10 m ()40 m (D) 25 m
2 2
Ve= 2x10x10; mR"B <mg;R>Y  — R>20m
g

The angular velocity of a rigid body about any point of that body is same:

g3 ar &1 ol 97 e § Rea fh g @& 9 99 =W -

(A) only in magnitude

(B) only in direction

(C*) both in magnitude and direction necessarily

(D) both in magnitude and direction about some points, but not about all points.



Sol.

20.

Sol.

(A) dadt gREToT

(B) daa faem #

(C*) fe=m @ gR=moT gi=r &

(D) f5ret fag & |mer faem @ uRwmor T F9F &9 IRy o1 g3l & Ame 72 |
Suppose a rod is having angular velovity w about point C .

a1 @ g C & argfee td B8 &1 Hoflg a1 wr |

B >V + or,
I’1
C ) >V
r,| ®
orz€ A >V

Choose two points A and B as shown in the fig. velocity of Bw.r.t A= (v + wr1) — (v — or2)
RATgaR 1 fdgeli Aden B&I G| AD |U&8 B &1 97 = (V + 0r1) — (V — 0r2)

= Vg, =o(r, +r,)

. VB, A
Angular velocity of B w.rtA= —
AB
v
A wrE Bt g = 2BA - Alit) Ans (C)
AB ry+r,

Two particles tied to different strings are whirled in a horizontal circle as shown in figure. The ratio of
lengths of the strings so that they complete their circular path with equal time period is:

A== R | 979 S B B REGAR &R FIeR 9M H gART S © | IRAdT B s B
U A1 BN TR I 391 qRI U FHM AHY RTA § R B & —

3

A) |2

A) 3

since dIfdb T = 2 L0080

9

o T1=T2

= L1 cosO1 = L2 cosO2
Ly _cosb, _ cos45°
L, cosé, cos30°
L A2

L~
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