DPP No. : B12 (JEE-ADVANCED)

Total Marks : 42 Max. Time : 27 min.
Single choice Objective ('-1' negative marking) Q.1 to Q.2 (3 marks 2 min.) [06, 04]
One or more than one options correct type ('—1' negative marking) Q.3to Q.8 (4 marks 2min.) [24, 12]
Subjective Questions ('-1' negative marking) Q.9 (4 marks 5min.) [04, 05]
Match the Following (no negative marking) Q.10 (8 marks 6 min.) [08, 06]

1= A plank having mass M is placed on smooth horizontal surface. Block of
mass m is placed on it coefficient of friction between block and plank is

L, + KX, where k is constant and x is relative displacement of block w.r.t.

m —»F

T7777 Tr777

M
plank. A force F is applied on block where F = at, where a = 10; t is in
second. Find to when relative motion will occur between block and plank 4. ooth
(use g = 10 m/s?).

oM oM Hom” Hom’
A M+ B m+ C m+ D M+ ——
(A) 1o m (B) Ko m ©€) mo M (D) o M
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2.

A patrticle is projected from a point (1,1) aiming towards a point (5,9). It y (5,9)
fell on ground along x axis after 1 sec. If it falls on x—axis then the x- 4 ¢
co—ordinate of that pointis (g = 10 m/s?)

(A1 (B)2

©3 (D)4 '{1',15\

» X

A car is accelerating on a horizontal road with acceleration = 20 m/s?. A box that is placed inside the
car, of mass m = 10 kg is put in contact with the vertical wall as shown. The friction coefficient between
the box and the wall is p = 0.6.

u=0.6

—
20m/s’

(A) The acceleration (with respect to ground) of the box will be 20 m/sec?
(B) The friction force acting on the box will be 100 N

(C) The contact force between the vertical wall and the box will be 100 J5 N
(D) The net contact force between the vertical wall and the box is only of electromagnetic in nature.

Value(s) of m for which system remains at rest (pulleys and strings are ideal) 20kg

[g =10 m/s?] (\4

(%) 1kg oa ||

(B) 2 kg mkg

(C) 18 kg horizontal fixed
surface

(D) 20 kg

The system shown is in limiting equilibrium. The coefficient of friction for all

contact surfaces is % .

(A) tanb =

horizontal
surface

oo w

(B) Tension in the string = (%gsi n e) N

(C) Net frictional force on 80 kg block is (80 g sin6)N
(D) Force exerted by 20 kg block on 80 kg block is (20 g cos6)

COMPREHENSION

Two bodies A and B of masses 10 kg and 5 kg are placed very slightly separated as shown in figure.
The coefficient of friction between the floor and the blocks is u = 0.4. Block A is pushed by an external
force F. The value of F can be changed. When the welding between block A and ground breaks, block
A will start pressing block B and when welding of B also breaks, block B will start pressing the vertical
wall —

—{ 10kg || 5kg
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6. Choose the correct option(s)
(A) If F= 20 N, the normal reaction between A and B is zero.
(B) If F= 45 N, the normal reaction between A and Bis 5 N
(C) It F=65 N, the block B presses the wall
(D) If F =70 N, the normal reaction by wall on the block B will be 10 N.

The force of friction acting on A and B varies with the applied force F according to curve :

4
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8. If the vertical wall is removed and the force F is applied then choose the correct option(s)
(A) If F = 90N, the normal reaction between A and B will be 50N
(B) The minimum value of F, so that A and B just start moving together is 60N
(C) If F =120 N the accelerations of the blocks will be 4m/s?

(D) If F =120 N the accelerations of the blocks will be % m/s?

9. The masses 4m and m are connected by a light string passing over a frictionless pulley fixed at inclined
plane of inclinatoin 45° as shown in figure. The coefficient of friction between 4m and inclined plane

is% . When two blocks are released the frictional force on block of mass 4m has magnitude

(x\/E —1) mg then the value of x is
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10.=». Two blocks of masses 20 kg and 10 kg are kept on a rough horizontal floor. The coefficient of friction
between both blocks and floor is u = 0.2. The surface of contact of both blocks are smooth. Horizontal
forces of magnitude 20 N and 60 N are applied on both the blocks as shown in figure. Match the

statement in column-I with the statements in column-IL.
F,=20N
—>

20k

9 | 10kg [SE—goN
left /77777777777777777777777
<« n=0.2

77 _ .
—>right
rough horizontal floor

Column-I

(P) Frictional force acting on block of mass 10 kg
(Q) Frictional force acting on block of mass 20 kg
(R) Normal reaction exerted by 20 kg block on 10 kg block
(S) Net force on system consisting of 10 kg block
and 20 kg block

Column-II

(1) has magnitude 20 N
(2) has magnitude 40 N
(3) is zero

(4) has magnitude 60 N

(A) P-1, Q-1, R-2, S-3 (B) P-1, Q-1, R-3, S-3
(C) P-2, Q-2, R-1, S-1 (D) P-2, Q-2, R-3, S-4



DPP No. : B12 (JEE-ADVANCED)

Total Marks : 42 Max. Time : 27 min.

Single choice Objective ('-1' negative marking) Q.1 to Q.2 (3 marks 2 min.) [06, 04]

One or more than one options correct type ('—1' negative marking) Q.3 to Q.8 (4 marks 2 min.) [24, 12]

Subjective Questions ('-1' negative marking) Q.9 (4 marks 5 min.) [04, 05]

Match the Following (no negative marking) Q.10 (8 marks 10 min.) [08, 06]
ANSWER KEY OF DPP No. : B12

1. (C) 2. (C) 3. (A,B,C,D) 4. (B,C) 5. (A,B,C)

6. (A,B,C,D) 7. (B) 8. (B,C) 9. 2 10. (A)

1.a A plank having mass M is placed on smooth horizontal surface. Block of mass m is placed on it

coefficient of friction between block and plank is p,+kx, where k is constant and x is relative
displacement of block w.r.t. plank. A force F is applied on block where F = at, where a = 10; t is in
second. Find to when relative motion will occur between block and plank (use g = 10 m/s?).
M S&HE &1 b T e &ciiel 98 W Red 2 | U6 3 m S99 $1 Tl 39 a& WR @l 83l ©
Jor 39 Yeb Ud a% H #ey "YUl YOI W, +kx B, FWIK U FOdie & 91 x & P AvE b gRI
AT T fRUF B | Uh 91 F = at, T&T a = 10; 91 t Yavs ¥ B, [ed R IRING fHan orar ¥ | 98 9957
to ST IRI 99 e Tl A& B AL AU A UR™ B 9 (g = 10 m/s?).

m —p F
M
tmmth
M’ M’ * Hom” Hom’
(A) M0M+T (B) Hom+ (C") Hom+ (D) M0M+
Sol. Let at time to relative motion will occur AT el T UR® 89 BT 95T to® |

» Lgmg

Homg «¢
10t,—p,mg=ma ..... (2)
From (1) and (2) ; GHI&R0T (1) @201 (2) |

pom’

ty =Hom+



Sol.

Sol.

A particle is projected from a point (1,1) aiming towards a point (5,9). It fell on ground along x axis after
1 sec. If it falls on x—axis then the x—co—ordinate of that pointis (g = 10 m/s?)

Th HU Bl A5 (1,1) ¥ 05 (5,9) &1 _® 9afia fHar Sran 21 x 3 & gfew I8 oHE W 1 sec
firar 21 3ft I8 xR fRar &1 @ 39 g &1 x—fdena sma a_11 (g = 10 m/s?)

(A) 1 (B) 2
For particle ~ &9 & forg

(D)4

1
1=—usinf+ —qgt?
29

u=2\/§m/s
range U1 = ucosh xtime=2x1=2m

A car is accelerating on a horizontal road with acceleration = 20 m/s?. A box that is placed inside the
car, of mass m = 10 kg is put in contact with the vertical wall as shown. The friction coefficient between
the box and the wall is 1 = 0.6.

TH HR 20 m/s?2 & @RV ¥ UHh Afas 98F W @RI 81 R & 3R U@ didd m = 10 kg HT HealeR

AR & TS H R R @ T | 99 9 AR & 7 w97 od u=0.67%F |

u=0.6

—_
20m/s’

(A*) The acceleration (with respect to ground) of the box will be 20 m/sec?
(B*) The friction force acting on the box will be 100 N

(C*) The contact force between the vertical wall and the box will be 100 JE N
(D*) The net contact force between the vertical wall and the box is only of electromagnetic in nature.
(A*) ST BT TROT STHIF & AmUer 20 m/sec? B |

(B*) St TR HRIRG =891 g 100 N &I |
(C*) Sealer <R g dfeq & Hed G¥@ ae1 100 /5 N & |
(D*) FeafeR SR 9 9 B 9 [ TP I A [AgAgEDII B BT B |

The breaking force is insufficient, so the block will not slide.

Wl 91 AT =, TR sifd el bl |

Shear Strergth T3 N [§l
=(0.6)(200)$120N =(0.6)(200)F120N
ma < ., ma -,
=200N N | 20m/s =200N N [ 20m/s
=20(N =200N
10g =100N 10g =100N

So friction force = 100 N
and acceleration (w.r.t. ground) will be 20 m/sec? only

Net contact force on the block = /(200)? +(100)> = 100+/5 N
All mechanical interactions are electromagnetic at microscopic level.

gferg =¥or 9 = 100 N
TqAT RO (STHIF b ¥ver) 20 m/sec? B8R |

i TR e TS g = 4/(200)? +(100)2 =1004/5 N
GeAdT WR W, 9 I saRTH fagd gEe g R |



Sol.

Sol.

Value(s) of m for which system remains at rest (pulleys and strings are ideal) [g = 10 m/s?] :

m & & A9 & fog Mer faxmazen § @dr 8 (R 9 S aneet &) [g= 10 m/s?) :

20kg
(\ 20kg
u=0.4
10kg| 0.
mkg

horizontal f|xed [10kg
surface afast Rer wds

(A) 1 kg (B*) 2 kg (C*) 18 kg (D) 20 kg
fmax=20% 0.4%x10=80N

For equilibrium ar=amaxen & forg

minimum value of m (m @1 =gd¥9 A1) = m(10) = 100 — 80 = m = 2 kg

maximum value of m (m &7 37fdwad A9) = m(10) =100+ 80 = m = 18 kg
So, (B) and (C) are correct.

3, (B) 721 (C) &) 2 |

_|>

The system shown is in limiting equilibrium. The coefficient of friction for all contact surfaces is %

m&hﬁwm@%wmwﬁ%lwﬁwmzﬁmaﬁwgmm% g -

horizontal
surface

3
A*) tanb = —
(A%) 3

(B*) Tension in the string X # TG = (%gsm ej

(C*) Net frictional force on 80 kg block is (80 g sin6)N

80 kg & Ted W RO =T g1 (80 g sinO)N B |

(D) Force exerted by 20 kg block on 80 kg block is (20 g cosb)
20 kg ® Tcd ERT 80 kg & [ W IRIT g (20 g cosb) B |

20gsind +f2=T
20g sin6 + pu(20g cosb) =T
80g sin6 + (100g cosb) + m(20g cosb)

tand = 3

8
T = 20g sin6 + pu 20g coso

1 8 00
=20g sin +— x 20 x g x— sin® =(— Sh@] N
g sind +- g x> sin 5 99

Net friction on 80 kg TR uRumH! T¥ur = f4 + f2 = 80 gsind
force on 80 kg due to 20 kg is \/(209cose)2 +(n20gsin6)>

20 kg & BROT 80 kg TR T & +/(20gcos0)? + (120gsin0)®



Sol.

COMPREHENSION

Two bodies A and B of masses 10 kg and 5 kg are placed very slightly separated as shown in figure.
The coefficient of friction between the floor and the blocks is p = 0.4. Block A is pushed by an external
force F. The value of F can be changed. When the welding between block A and ground breaks, block
A will start pressing block B and when welding of B also breaks, block B will start pressing the vertical
wall —

FTHT

31 fivs A9 B e @™ 10kg @ 5kg ® 980 81 &4 g4 W W W g o4 o 4 ueffa g1 faver
3R a1 & 419 w99 qoIid p =045 | fivs APl 929 9 F A ger Sl & | F &1 99 aRad-eid & |
59 favs A MR oA @ g afesT ge ol B | @9 fivg A, fivs B &1 G991 UR™ &_al B | 919 fuvs B
@ afeeT g oIl ® A1 five B Seafer AR & GqHT URA FRa B |

Choose the correct option(s)

T8 fdedd/fAeel &1 o ST |

(A*) If F= 20 N, the normal reaction between A and B is zero.

(B*) If F=45 N, the normal reaction between Aand Bis 5N

(C*) If F =65 N, the block B presses the wall

(D*) If F = 70 N, the normal reaction by wall on the block B will be 10 N.
(A*)IfE F=20N®, AT B & He 31fWere 9o I R |

(B*) afR F=45N2, AdB & #ex ffierg 91 5N |

(C*)afe F = 65 N R, <if B TaR ®I TaTel 2 |

(D*)afe F =70 N, @i BWR IR §RT IRIUT a1fiers gfifsar 10 N1 |
(A)If F =20 N, 10 kg block will not move and it would not press 5 kg block So N = 0.

L’E 5kg
Brea’lfing Bre:king
strength strength
u><=126<9 u:52>69
(B) since 60 N > F > 40 N, so A will press B
(C) since F > 60 N, so B will press the wall
(d) since F > 60 N, so the net force exerted by B on the wall = 10 N.
Normal reaction by wall on B will be 10 N
The force of friction acting on A and B varies with the applied force F according to curve :

AR B W & arel 941 9, IRIUG 9f F & A1 {59 a6 & R IS © -

[L
F
b
F
fa
F

y

(A)
(B)

(D)

f
F
A fB
F
y fs
© J\
ofa 4+ 3
A_. i
F F



Sol.

40N G0N >F
Until the 10 kg block is sticked with ground (... F = 40 N),
No force will be flet by 5 kg block. After F = 40 N, the friction
force on 5 kg increases, till F = 60 N,
and after that, the kinetic friction start acting on 5 kg block,
which will be constant (20N)

fa

40N F
till F <40N,  fa=F (static friction)

ForF>40N, fa=40 N (Kinetic friction)

19 % 10 kg &1 il Adg & AT s |ar & (... F = 40 N),
Al 5 kg & <ld DI 91 Aeqd ol SN F =40 N, & 915 5 kg
qTel Afd U= G99 g F = 60 N, % 97 39 Uead 5kg &
<ife TR Had Tfae o901 91 R PR et 719 (20N) B

8. If the vertical wall is removed and the force F is applied then choose the correct option(s)

I SeaierR AR BT 8T AT ST § 9T 9@ F qRIAG fFar Sir § 99 98 fAeeu/Reed &1 w1
BINT |
(A) If F = 90N, the normal reaction between A and B will be 50N

(B*) The minimum value of F, so that A and B just start moving together is 60N
(C*) If F = 120 N the accelerations of the blocks will be 4m/s?
(

D) If F = 120 N the accelerations of the blocks will be % m/s?

(A*) IS F=90N 2, AT B ® A& 3 9o 50N &1 |

(B*) F &1 gAa¥ @19 60N 8 d1fds A 9 B HII—A1Y SId T IRFA PN |
(C*)afd F = 120 N B, =dfd! BT TROT 4m/s2 81T |

(D) IfE F =120 N &, i &1 @xol %m/s23m|

Sol. System=A+B
90-60

=2 m/s?

2m/s®
—

Asys =

90 N—>»f 10kg |¢—N

90 -N=10x 2
N=70N
If F = 120N
120-60 _

dsys = 4m/s?



Ans.
Sol.

10.=

The masses 4m and m are connected by a light string passing over a frictionless pulley fixed at inclined
plane of inclinatoin 45° as shown in figure. The coefficient of friction between 4m and inclined plane

is% . When two blocks are released the frictional force on block of mass 4m has magnitude(xﬁ— 1)

mg then the value of x is

4m T m TFAE 45° B BT W PP A0 dd R ReR (fixed) THRRT ARl & IR A ToR & g

@ﬁmmﬁﬁ_%MmamﬂﬁwzﬁquWm%%maﬁf@ﬁaﬁaﬁmm%l

Am TIEM B <P W TY g BT IRAT (x/2 —1) mg R | x BT FF B

2
Maximum value of friction force between 4m and inclined plane
Am AT 99 TA B A YU g BT AfABaH A
= u (4mg) cos 45°
1 1
= —= (4mg) —=

iz g

Here pulling force Td=f Eidam@ ga
Fp=4mgcos45-mg = (2x/§—1) mg <2mg
Block will not move. it Tf F&1 &M

Acceleration of 4m block

4m wifd BT @RI

=0,T=mg

frictional force on 4m block

4m E9H R T g4 = (24/2 —1) mg

=2mg

Two blocks of masses 20 kg and 10 kg are kept on a rough horizontal floor. The coefficient of friction

between both blocks and floor is u = 0.2. The surface of contact of both blocks are smooth. Horizontal
forces of magnitude 20 N and 60 N are applied on both the blocks as shown in figure. Match the
statement in column-I with the statements in column-II.

20kg @ 10 kg I & I i G &M €A W W §J 2| ORI UG Qi <P b 7 =gy
Ui pu=0.2% | S <P @ INAMS T |as e 81 20 Ndem 60 N & 31 &fds 9 RErgar
S @ W ARG fFI S 8 A1 W-1 3 Bl B -1 S BT 9 e a=m |

F=20N

20kg | 10kg [“E-goN

F1=20—N> 20kg 10kg [FE=60N T IR /777 Ll L URE T
I;ai 1777 /////ﬁ/%/. 2//////// L; right = Qg?aﬂu_ z el
rough horizontal floor
Column-1 Column-II
(P) Frictional force acting on block of mass 10 kg (1) has magnitude 20 N
(Q) Frictional force acting on block of mass 20 kg (2) has magnitude 40 N
(R) Normal reaction exerted by 20 kg block on 10 kg block (3) is zero
(S) Net force on system consisting of 10 kg block (4) has magnitude 60 N
and 20 kg block
-1 H-11
(P) 10 kg STHM & Al TR G0 g (1) 20 N gRR=TOT
(Q) 20 kg SHHM & =ATh TR TYT gl (2) 40 N 9RO
(R) 20 kg S&9M & it §RT 10 kg STAM & il W IR (3) A
ifvrers gfafsar 9o

(S) 10 kg SEMM @ 20 kg THH & <AIH [T W H I (4) 60 N 9RO



Sol.

(A*) P-1,Q-1, R-2, S-3

(B) P-1,Q-1, R-3, S-3

(C) P-2,Q-2, R-1, S-1

(D) P-2, Q-2, R-3, S-4

The minimum horizontal force required to push the two block system towards left

M <id FE™ B Rl AR g9B1 &7 @ Y aead <Aad &fo 9
=0.2x20x%x10+0.2x10x% 10 = 60.

Hence the two block system is at rest. The FBD of both of blocks is as shown. The friction force f and

normal reaction N for each block is as shown.

31 A1 e e favmmERen # g | M <ifel w1 FBD RETgUR & | 9% e & forg a9 ad f qen
arfyer wfafesar N fRErgaR 21

F,=20N N=40  N=40 F.=60N
F,=20N _I F,=60N —>| 20kg [<— 10kg |«
(ﬂ E; f=20N f=20N
fra=40N fra= FBD of both blocks

Hence magnitude of fricti,on force on both blocks is 20 N and is directed to right for both blocks. Normal
reaction exerted by 20 kg block on 10 kg block has magnitude 40 N and is directed towards right. Net
force on system of both blocks is zero.

A QA &iid WR TYOT gt B gfRAT 20 N 2 | den faen gRft ik B S <dife & forg <rft 3R 8/ 10
kg @ &iid W 20 kg §RT AT AT 3Mfier g 40 N gRH0T & aRER 8 | dorn feem gRf iR & <Mi
i fH™ R Gl 91 YA B |
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