Circular Motion and Work, Energy and Power ALLEN’

Circular Motion and Work, Energy and Power

SOLUTIONS

EXERCISE - 0
1. Ans. (D)
o —W), _8sin30°+6sin30°
rel R - 10
=0.7 rad/s
2. Ans. (D)
V=T
2n 1
=—x6=— =2nmm/sec
60 5
Av:\/zv
3. Ans. (B)
/\AS
e >
a

AS=2asin9:2asinm—t
2 2

4. Ans. (C)

_ Velocity of Bw.r.t Aperpendicular toline AB
Length of AB

B, A

2Vsin(6/2)

%4 2Rsin(0/2)

[O): V/R
5. Ans. (B)

A0 _10x2r
At 100

rad /s
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6. Ans. (D)

wr= o + ot

JEE (Main + Advanced) : Physics

(0 ) )+,

(0 -0 )(o, + o)

(0~ )(o, +0,) _ (@ +0)ts
475{0%—%} in
tl

7. Ans. (B)

d=d,+d

D
Il

2nh=

n=

t

aresaurant ac

dt
8. Ans. (D)

About centre of circle :
oc=2m0=0.8rad/sec
v=wcR=04m/s
ac=oc2R=0.32 m/sec

9. Ans. (A)
Velocity at point P vy = 30, v, = gt - 40

V,=vcosa=30 A
vcos37=30
@\6', \s
v:gm/sec. 40m/s| Sz P 30
53° ar=gcos37° ¥ a=37
75 . 370 _ 45 > v
vy_7><sm —7m/sec. 30 m/s

% _(sz+v}2,)
R _Z_ gcos37°

Rc=175.78 m

[54]
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10. Ans. (D)
2,2
v=alx = d—xzom/; =x= a4t
2
ar= v— = ax - 3_— 5 = = constant
Vv o’x of ot
dc= —= =—X
r r r
ac oc t?
11. Ans. (B)
G
b =cosf
Il

= 0<0<90°

=  Accelerated circular motion.
12. Ans. (C)

v=2t

ar=2m/s?

2 2
o VA t_ 25x3_3

r
So Atotal = 4;4—+— 4’ 25

13. Ans. (C)
Fl1v

Speed remains constant and hence kinetic energy is constant.

14. Ans. (A)

2

r
15. Ans. (A)
mv’ _mg
R ~ 10
10v°
g

R>

1% =108.i=30m/s
18

2
RZle@
10

R=900m

For Rmin =900 m

21R_.
Min length = n4“““

:2n><900 — 1413 m

Min. length = 1.413 km

[
a

t

is not actual force, other forces like mg, T and friction provides it according to situation.

www.allen.in
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16. Ans. (A)

o=at = fs=mw?/

N=mol = pmol = mw?(

poo= o2t =>t= [B

o
17. Ans. (B)
When it just start to slip a
2 2
(%%) +a; =(ug)’
, Vo
%%+%=Uwf
R:——Ei——
(ng) —a;
18. Ans. (A)
N =mar
fs=mw?r

For static, fs < fs max

= mrol<umro

MZQ—
a
19. Ans. (D) Att
fe=ma,=3 N
fc=5t- mw?R
At t=1
fc=9-5=4N
Jaer =5 N =numg
n=0.5
20. Ans. (C)
If force is constant than work done by a force on block is
W=FScos 9
F = force

S = displacement of point of application of force.

21. Ans. (C)
L 300 am\ ARl bW
F:ﬁ(l +]+k), Ar =i +]+k:W—30«/§]
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22,

23.

24.

25.

26.

Ans. (C)

Ans. (B)
Displacement of the block in horizontal direction equals to the wedge displacement and also the

displacement of block along inclined with respect to wedge

N
53° Sw
Sew
37
s So, + S

Wnormal = NSW Cos 530

=10x10><§><10x2x§:960]

Ans. (A)

_ 30-20 =2m/sec’

_ 2x6x10 _24

5

. 1 2

Displacement = EXZXZ =4 ‘
a
a

Work done by tension on 3kg |
3kgblock=-Txd=-24x4=-96]
Ans. (A)
F.dr=0

= (2f+3] (dxz +dy])

)
= (2f+3]) (dxz +(——dxj]j 0
= 2-k=0
= k=2
Ans. (A)
F is constant so it is conservative.
Wi=W,

www.allen.in [57]
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27.

28.

Ans. (C)
fX r N

8x> = 6N
4

10 37°

>X
0 8m

Displacement along x is from 0 to 8 m

Work done = shaded area
Wy=80+24=104]
Displacement along y is from 5 to 20

Work done = shaded area

w :1><4—0><10— leXS
2 3 2 3

y

400 100
6 6
Similarly for z
w, =%><16><12=96]
W=104+50+96=250]

Ans. (B)
The force acting f(X,)) =x’i +)’2j

Thus we get F, = x*>and Fy =y2

F 2
Now, a_y = aL =
ox ox
2
Similarly, OF, = ox =
a
OF, GF,
For the force to be a conservative force, —— =0
ox oy

—  F(x,y) is conservative force.

Work done by a conservative force is zero for a closed loop.

—  Work done by force F (x,y) around the path given is zero.

[58]
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29,

30.

31.

32.

33.

Ans. (D)
F =(3xy—52)}A'+4ZI€
xXz=y
1
= X= y?
Substitute in above equation

F=(3y**-5z)] - 42k

dw=F. (dxf+dy}'+dzl€’)
In (J) direction

4
W=I3y3/2dy

0

5.2 %

-3

5/2 |,

w =% Joule

(in ‘z-direction’ work done is always zero)

Ans. (D)

Mass of man is M and his speed is u. speed of boy is v

- lMuzzlx lxﬂvz
2 2 \2 2

and lM(u+1)2 =lx(ﬂv2j
2 2 2
On solving equation (i) and (ii) we get

u=(«/§+1)m/sec

Ans. (B)
u=0,v=>5(2)32

1 2 2
= W=-m(v-—u")=50
ym(v* —u')=50]
Ans. (D)
1 ., 1,
Emv =mgh+5mu =150+5=155]
Ans. (A)
%mvé =mgh+umgd
18=11+6d

D=

oSN =3

www.allen.in

[59]



ALLEN JEE (Main + Advanced) : Physics
34. Ans. (D)

Wr + Wspring = AKE
1 1
w, —Exw((z)2 —(5)2):E><2><52

Wr=-80]
35. Ans. (D)
k—k =W, +W +W,
Let block travels x before coming to rest, then
0=4/-12x-8x

= x=02=K-0=(4-12-24)]

= Kr=04]
36. Ans. (A)
kx
Mg

Block will have max velocity at equilibrium
k x 1. 100
10

k=1000 N/m

Apply W. E. theorem

Wg+W5=%mv2

[60] www.allen.in
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37. Ans. (B)

1
mgxo= —k
gXo >

Velocity is maximum at equilibrium position
kxo = mg

X, =19 _5em

Height from surface of table =20 -5=15cm
38. Ans. (A)

1
Vp=2y,= Y, =Ef and ug = 2ua

1 1 1 1 5
mgl—=mgl ==mv?+=mv:==mgl==mv*
g > g 5 MWaT MV =5 g > MV

39. Ans. (B)
Maximum extension will be at the moment when both masses stop momentarily after going down.

Applying W-E theorem from starting to that instant.

kf— ki= Wgr. + Wsp + (—%szj Wien.

0-0=2M.gx+ (_%szj +0

4 M,
x= =29
K
System will have maximum KE when net force on the system becomes zero. Therefore
2Mg=Tand T=kx
- X= 2&
K

Hence KE will be maximum when 2M mass has gone down by %

Applying W/E theorem

2 2
k-0=2Mg. 29 _ 1, 4M g
K 2 K?

ZMZgZ
KZ

ke=

www.allen.in [61]
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40.

41.

42,

43.

44,

Ans. (C)
_ A.,. A
dw=F.dr =—2r.drr = —Zdr
r r
5
A
w=|—dr
I
Ans. (B)

Ans. (C)

— Nsin 0

N cos 6 =mg (i)
N sin 6 = kx ..(ii)
From equation (i) and (ii)
k—X:tanO
mg
2
1, , 1 (mgtan0
So potential = —kx"=—k| ————
o potential energy > > ( i
_ m’g’tan’0
2k
Ans. (C)
3.5-2
(atx=2) (3.5-1) J
Applying COE
6+0=2+ 1mv2
2
vZ=4
= v=2m/sec
Ans. (B)
U = ax3 - bx?
ay = 3ax? - 2bx
X
2
d 12]=6ax—2b
dx
For equilibrium
d—U:0 = 3ax2-2bx=0 = «x= ,@
dx 3a
2b d?
Forx= —, d 12]:6a><2—b—2b:2b>0
3a dx 3a

Therefore atx = %,
3a

Potential energy is minimum.
This is a condition of stable equilibrium.

[62]
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45.

46.

47.

48.

49.

50.

Ans. (A)
p="U
dx

dU = -F.dx

U b'e
jo dU:jO —F.dx
U=8x-2x2+8
Ans. (A)

Kinetic energy is (+ve) and total ME is 3 joule. So, PE cannot be 6/.
Ans. (A)

I . dw
dW = F.dx work to be maximum d_
X
= 0 i.e. force must be zero
F=Kx(x-0)=0;x=0;x=/

Ans. (D)

V= (10 —2x10x2 = /60 AV = \J(60)+100 = /160

Ans. (C)
At B, normal becomes zero.
So,

V, =4/gRcos0 (1)

By COE V, =,/2gR(1-cos0)

Applying COE at A and B

—ng(l—cosel)=—ng(1—c0592)+%mv§

1
mgRcos0, =mgRcos0, +Eng cos0, mgcos6,

3mgRcos0,

mgRcos0, =
g 1 >
2
=  cos0, :gcose1

Ans. (A)
h = /(cosO; - cos61) uuu,

Applying conservation of mechanical energy at point A and B I

lmvz - mgh £cos0,
{cos0,

—  v=42gh= \/ng(cosez —cosb, ) l _________________

2 l ___________________ Ih

At B, T-mgcos9;= mTV

Where v = \/ng(COSGZ ~c0s0,) mg “mgcoso;
= T=mgcosH; + % [2g/(cos 62 - cos 01)]

=mg(3 cos 02 - 2 cos 01)
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51. Ans. (D)
At lowest point,
2
Ty -mg = mu T _mu +mg
1 (
At highest point,
2 2
T, +mg=mu =T,= ma —-mg
1 l
52. Ans. (C)

mg(l—l(:ose):%mv2

v =2gl(1—cos®)

T —mg =2mg(1—cos®)

T =pn.4mg
3mg—2mgcos9
l”l:
4mg
3 2 !
B mg — mgi_g_1 1
" 4mg 4 2
53. Ans. (D)

ve must be \4gR
So by COME, vr = /2gR , vz = 4/39R

2 2
mv; mv,

N: ’N:m:
F R E g

54. Ans. (B)

P=mav=—;
1

55. Ans. (B)
Focv
P=F-vocy?
= voc\/;

56. Ans. (D)
P=Fv

Tension is always perpendicular to velocity.
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57. Ans. (AC)

clockwise

Anti-clockwise

58.  Ans. (ABCD)

(=1m
=9 _2n =£rad/sec (B correct)
t 60 30
V=or
v= l><100ﬂ=&cm/sec (A correct)
30 sec

Total change in velocity = 0
Uy = 0

Instantaneous acceleration a = w?r

2

—x100
(30)

2
n

a= —cm/s*
9

59. Ans. (BCD)

dv

- = magnitude of net acceleration
t

d|v| : :
— = tangential acceleration.

60.  Ans. (ABC)

x2+v2=1

= 2x+2vﬂ=0
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61.

62.

63.

Ans. (BD)

Both particles take same time t.

ForA:0 = ot + %atz

1%
0= —|t (1
(%] (1)
For B: n+e:(ljt+l(£]tz (2)
R 2\ R
1(a
From (1) and (2): n==| = |¢?
(1)and (2): n=2( 2]
Time of collision
2nR
t=,]—
a
vV a
0y =—+—t
R R
Just before collision: v4=v
Vv, =V++2maR
v, =V, =\2maR v,,, =+2naR
Ans. (ABC)
r=ut [cos mtf+sinoatj’]
— df: A . A . A o)
= v =E:u[cosmu +smmt]]+ut[—msmwt1 +wcosmt]]
dv|  otu
|a1| = =
dt 1+t

T cos 6 =mg (1)

mv?

N+ T'sin0 =
r

[66]
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64.

65.

66.

67.

68.

69.

70.

Ans. (BCD)
NG

7(T1 +T,) =mo’( cos30°

T1+ T = mw?l (1)

T1sin 30 - T sin 30 = mg

T1 - Tz = ng (11)

When w increases, T1 increases and T> decreases
T, >0

29
Y

Ans. (ABC)

==

5+f1:]_x032x %

5+f2=2><c02><%

Depending on sign of f1 and f; they can be inward or outward.
Ans. (ABCD)

2
a, Y =g tan®
r

VZ

tan0=—
rg
r=/¢sin0

T cos 6 =mg

Ans. (AB)

If speed is less tendency of sliding is downward and friction up the plane for high speeds friction is
down the plane.

Ans. (AD)

In static friction, there is no relative motion between surfaces.

Ans. (AB)

Work done by force is frame dependent quantity W = JF(TS

Displacement of point of application of force depends on reference frame.

Kinetic friction opposes the relative slipping between two surfaces.

Ans. (ACD)

If the body slips over a rough surface such that normal reaction of the surface has to balance only
the normal component of weight of the body, then the energy lost against friction depends only
upon the horizontal component of displacement and is equal to umgx. It does not depend upon the
shape of the surface.

If the vertical component of displacement of the body is equal to y, increase in its gravitational
potential energy will be equal to mgy.

Hence, total work done by the force will be equal to umgx + mgy.
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71.  Ans. (BCD)
At the time at the time of maximum elongation velocity of mass m is zero.

Applying W.E.T.
1I<(0—x2)+mgx =0
2

2mg = kx String
For 2kg block

kx=20 kx
=  When acceleration is zero

2mg =20 20

mg =10
So tension in string is 10 N then tension in rod is 20.

72.  Ans. (ACD)

Work done by friction on 4 # 0 ai=2m/s 2N >2,=2m/s2
V=2x2=4m/s
R 6N

K.E.A=%x1x42=8] fs= 2N

73. Ans. (ABC)

- 3rF 3r

F is a constant force and constant force is always conservative.
74. Ans. (ACD)
Change in KE is due to work done by all forces and not only by a single conservative force

75. Ans. (AC)

Force acting on the particle, F = _6_Ul _6_U] 71 —24j
ox oy
. L F _NT'+24" s
Acceleration of particle=— = T = = =5 ms2
m

Velocity of particle = v=u+at + (1-4;—4-8})t ,

Speed at 4 sec. = \(14.4+5.6) +(19.2-4.2)" = 25 ms-1
Now dii=(14f-48]).=20.16 -20.16 =0

=  The acceleration of particle is normal to its initial velocity.

[68] www.allen.in



Circular Motion and Work, Energy and Power ALLEN

76.  Ans. (ABCD)
Energy conservation and at highest point T=0

When particle just completes vertical circle then gR

Vbottom = \/QR \@R

2
\%
So Apottom = — =5
tom = —=5¢

When velocity is vertically up or vertically down

Thenv = \/&gTR

a:\/af +a? =107 =g/10

77. Ans. (ABCD)

= W=%><2><(75—100):—25]

(B) Change in KE = work done = 0

10m/sec
v=5v3m/s
5m/s
5vV3m/s
Q) t:usme:i:lsec
g 10 2
w 25
= =——=-50 watt
™ time 1
2
2
v _(56)
(D) R.=—F= =7.5m
a 10

www.allen.in [69]
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78.

79.

80.

81.

82.

83.

84.

Ans. (ABCD)

Unit vector in the direction of displacement is T

Velocity vector = 52 (

542

3?+4}'+51€

3f+4}+512

J=3f+4}'+512

W:ﬁ.g=(3i+4})‘(3f+4}+51€)=25]

P:ﬁ-v=(3f+4})-(3f+4}+51€):25 watt

If velocity doesn't change = net force = 0

=  Some other force must be present.

Ans. (ACD)
(A) F=0 (equilibrium)
F="2 _g
dx
2
and d—lzj <0
dx

(C) Atland3
F= au =0 (No power delivered)
dx
Ans. (C)

1
Ay, =Ea0t§ in downward

W, =+mghy
=—mga,t;
Ans. (D)
N=m(g-ao); Wy=-NAy, = _Nazotj

Ans. (B)

Whee = Wy+ Wy = %mgaoté - >

Ans. (D)

For observer 4, displacement of mass is zero.

Ans. (B)

o e : . du . -
If the particle is released at the origin, it will try to go in the direction of force. Here — is positive

dx

and hence force is in negative x-direction, as a result it will move towards -ve x-axis.

[70]
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85.

86.

87.

88.

89.

90.

Ans. (B)

When the particle is released at x=2+A it will reach the point of least possible potential energy

max

(-15/) where it will have maximum Kinetic energy. .. %mv2 =25 = Vmax = 5m/s

Ans. (D)

2 2
For stable equilibrium CZI_U =0& d lzj =®ve, For unstable equilibriumd—U =0& d'u

=-ve
X dx dx dx*

Ans. (A-P,Q), (B-P,Q,S), (C-P,Q,R), (D-P,Q,R)
No slipping anywhere.

Net force is centripetal as v = constant.
Ans. (A-R), (B-S) (C-Q), (D-P)

(A) a:=0,ac#0

(B) a:#0,ac#0

(C) ar=0,ac#0

(D) a:#0,ac=0(v=0)

Ans. (A-Q), (B-P), (C-Q), (D-5)
ya=2yp = va=2vp

Amoves | and

Bmoves T as

Tension on B is more than A.

mg - T =may

2T -mg = mas

as = 2as
Ans. (A-Q), (B-P), (C-Q), (D-P)
(a) Wy+W, =AKE

V. =at=5x2=10 m/s N

1 11 a=5m/s?

W, ==mV?*-0==-x=x10%=25
N 2 2 J

(B) ng =0 (No horizontal displacement)
< w

net

(D) W'Dout = O(S = O)

mg
=AKE =25]

www.allen.in [71]



ALLEN

JEE (Main + Advanced) : Physics

91.

92.

Ans. (A-Q,S,T), (B-Q,S,T), (C-P), (D-R,T)
For (A) va =+/2gh=4/5gR circle will be completed and N4 - N = 6mg

For (B) v4= y99R

For (C) va = 29R
For (D) va = /4gR

2
Ne=™e =3
c R g

2

Ne="™e =7m
c R g

ve=0,Nc=0, Frerat C = mg

Leaves the circle in region B-C

2

Ne="™e =2m
c R g

Ans. (A'PerR)' (B'Q), (C-P,Q), (D-Q,S]

(A)

= Particle will just reached at highest point and come to at rest

= V.=0

(P) N, =mg (Upward)

_—

(Q ﬁ-HTTQ =ma, = (atpoint'A') Resultant of F and Mg gives centripetal

acceleration.

(R) As particle goes up speed decreases.

(B)

A 29T

Particle will reach at 'B' and vz become = 0. (By ME conservation)

_ 2
At B=vp=0, TZO(T—I'?""BJ

Particle first speed down then speed up.

[72]
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e Between Band C particle comes to at rest and then it will com back with increasing speed.

©
*B
A/ 3gr
J2gR <v, <\4gR
e Circle won't complete.
mV}?
e At'B,T,=—1°f
R
(D)

i ] \8gr =g

Particle will complete circular motion.

2
° At IBI’ NB:mVB

e Speed first decrease then increase.

93.  Ans. (A-S), (B-R), (C-P), (D-Q)
F=mgsinO+u mgcosOandp= F.V
94. Ans. (A)
rate of speed = a;
a: =10 cos 30°

=53m/s’
95. Ans. (C)

v=5m/s

VZ
a =—
R
2
aC 10Xi
2

www.allen.in
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96. Ans. (BD)

vV
Vcosezl.r :>V.B=K.r
R r R
J
\% 2 \% 2 _
Vzﬁ.r =F(Rsec6) =vSec?0

t
V=vsec2(v—]
R

v (vt vt
a=""sec’*| — |tan| —
R R R

97. Ans. (D)
Je= N
fi =mg
98. Ans. (A)
Whet = - (Mg sin 6 + pmg cosB) dx + Fen dx
by WET

A k8 = WNet

= kef-0=wye

For max. speed

dk.S.f —0- dWNet
dt dt
dx dx

= -(mgsin®@+pumgcos®) —+F, , —=0

(mg nmg ) e g
= P=(mgsin0®+pmgcosB)v
= V= p

mgsin®+umgcos0
99, Ans. (B)

By WET

mg R sin 30° + % k (2R-R.3)?= %mv2

2
= v:\/gR+ki(2—\/?_>)2
m
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EXERCISE - S
1. Ans. 24
Vrel=4rm
2. Ans. 4

o =12 rad/sec

A6 = 80 radian

o = 28 radian/sec

®? = w2 + 2 aAO (1)

®=wmo+ ot -(ii)

<w0+w)t_80
> =

3. Ans. Ems’2
T

Change in velocity when particle complete the half revolution : Av = vs-v; = 2v

. . TR
Time taken to complete the half revolution t = —
1%

Av 2v 2v?

t _nR/v nR

Average acceleration

2
= 2x5 :E m/SZ
x5 @
4. Ans. (i) 2 rad/s?
(ii) 12+2tfort<2s,16 for t > 2s

(iii) a=169.01 m/s?

(iv) 44 rad

1) of=owi+2t
(27‘[)(%)=12+0,X2
a=2rad/s?

(i) v=Ro=R(12+2xt)
v=1(12 + 2t)

After t = 2 sec it becomes constant.
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(iii) At t= 0.5 sec
v=13 m/sec

2
ac =% =169

at:R(X,ZZ

Qrotal = +/ (169)% + (2)% = 169

v 162
A(¢=3) = Atotal = dc = ? = T =256 m/s?

(iv) Angular displacement
1
0 = ot + — at?
2
Putting t = 2 sec we get ans.
. A u’ cos” 0
. ns. —
gcos® (%)
VZ
R=

gcos(%) 1 vy
o Vvt =v§+v§ tanz(y) e/zVres
gCOS(%) gCOS(%) u Vx
o [ g
. v; [1+tanz(%ﬂ g . g
gcos(%)
_vf sec’ (%)
gCOS(%)
v _ u’cos* 0
gcos3(%) gcos3(%)
6. Ans. (i) 75m/s?, (ii) 125m/s?
tan37° = Z—E a
t
3 (dv/dt) )
4  v2/R
2=
0 %= G\z
0 - [+

[76]
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7. Ans. ,/2grad/s
T=2mg = mro?

W= /27‘9 =,/2g rad/s.

8. Ans. 5
2
uN =mg = Hmy =mg = Vv= /£=25m/5
r u
9. Ans. 5
T cos 30 = m(L cos 30)w? (i)
Tsin 30 + N =mg
N =mg-T sin 30 .(ii)

Putting value of T from equation in (ii) we get N.
10. Ans. T=6.6 N, Vinax = 35 ms-1

V=rm-= (15) (2713) (%)

mv?  0.25x4712
T= = = 6.6N
R 1.5

2
mv
200 = %, which gives vimax = 35 ms-1

151°

11. Ans. = 14.8N, This force is exerted by blade of fan and equal force is exerted by particle on

blade in same magnitude but opposite in direction.

®=271n= 2mx1500 rad/sec

r= g =60cm=0.6 m

m=1g=103kg

=148

60 10
This force is exerted by blade of fan and equal force is exerted by particle on blade in same
magnitude but opposite in direction.
4mw’R
3

“a

T<—i—> 2R
me T - mo?R =ma (1)

— a

T<—i—> 2mm?R
e 2mw?R-T=2ma ..(ii)

() + (i)
mw?R = 3ma
2
a= m3R Putin eq (i)

21x1500 Y’ 2
F= mm2r= 10'3 X(—j X 06 = 151I

12. Ans.

2
T-mm?R = asz

mw’R _ 4mo’R
3

T=mw?R +

www.allen.in [77]
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13. Ans. Yes,a.=8,ug=1

v=.,urg

: v2 25 _5
So, required value of u = 79 = 3x10 -6~ 0.8
pn=0.1
So, cyclist will slip.
49
14. Ans. —
80
2
Coefficient of friction un > -
rg
2
= Hmin = (49) 24—9
4%x9.8 80

15. Ans. 5\/§ms‘1

For safe driving, vmax = \/HI'g

10= \irg

, 10
Forwetroadv' = [Mrg === =5 \2m/s
29772
16. Ans. 2.0
FBD of block in ground frame

Nsin 6 = mw?r [centripetal force]
= tan6=w?r/g

= o= f&nez\/%(tane)=2x1=2rad/s
r

17. Ans. 8 =tan™! (%)

2
In case of banking tan 6 = z
rg

Here v = 60 km/hr = 60 X % ms-1
50
=?ms-1 r=0.1km=100m

) s

5
_ — -1(_=
So tan®=q5579 =13 2 — 2 9=tan (18)
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18. Ans. 4
Fwcos 0
Fcos8 =mg (i) Fy .
2 .
and Fsinf = % ..(ii) Fwsin O
By solving equation (i) and (ii) 5 F,
R=16km
TCZ
19. Ans. =
81

n=33 lrev/min

60 60
r=10cm=0.1m.
For no slipping,

f>mo’r

umg = mo’r

(27:100]2 01

20. Ans. -

Givenr=5m,v= 55 m/s
for no slipping,
f=mg
Hmin N = mg
mg_rg

Hmin = — 2

\%

5x10 2

Umin = (5\/5)2 = c

www.allen.in [79]



ALLEN JEE (Main + Advanced) : Physics

21. Ans. im
45

v=48 km/hr=40/3 m/s
For safe turn without friction
2
tan6=Y_ _ h
rg x

Givenx~/=1m

N h=ﬁ=(40/3)2= 2

rg 400x10 45

22.  Ans. 5?°x§:14.7km/h

v=36 km/hr=10m/s

2
tanp= v _10x10 _1

Rg 20x10 2

Vmax =, |Rg tanb+p =15m/s=54 km/hr Ans.
1—putano

vei = R tanf-p ) _ 20x10(0.5-0.4)
" 1+ utano (1+0.5%04)

= fZOxleO-l - \/@ . 18 km/hr Ans.
1.2 3 5

23. Ans. (a) 28 m/s (b) 38.19 m/s

(a) Optimum speed of car is

tan6:ﬁ
rg
v’ =rgtan®
=10 x 300 x tan 15
v’=780 m/s
v=28m/s

(b) Maximum permissible speed to avoid slipping is
v = Rg( pL+tan0 j
1-ptan®

_ 300)(10(%)
1-0.2tan15

=4/1458.7
=38.19m/s
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24. Ans. 2

umg = my/ai +aj a

ro? = (at)? =x2 N
m

(0.5x10)2=x*+9 I
m

xt=16

x=2

1
25. Ans. V:[(uzgz—az)Rz}Z

_ [ 2
CIR— aN+at

V? av
CIN =?,at :EZG

Friction, f= mag
22 2
el (2)
R dt
4
pN:maf%+az
1
Vz[(ngz _az)Rz]z;

26. Ans. (a) Vz\/@, (b) % () Vz,’chos(iJ

(a) Athighest point

sz

mg =

R
~ v=Fg
®) v-—rJR

Losses contact at angle 0

2

mgcos0=
L
c o=—
(c) R
2
So, =mgcosO

www.allen.in [81]
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27. Ans.(A) o, “9 ,(B) o= ((“sz QZT

(A)

(B)

28.  Ans. (a) 975 N, 1025 N (b) 707 N (c) 683 N (d) u = 1.037

(a)

(b)

(c)
(d)

4

[0)
™\
) —— |

X

L v (UCM)
mg
Snax =N =(umg)
f =(mw?’L)
f = froax

mo’L <umg

m2<%:>0)< 2%
L a \/L

o
= foax
4’( ) ocLz =pmg
(2] <]

sz

AtB, N=m

At D, N=mg+m;;

Friction force is zero (no sliding tendency)

AtC, mgsinb=F
mv*
R

Minimum coefficient of friction

Just before, mg cos0—N =

= uN=mgsinb

= oL

[82]
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29.  Ans. V=’ —d*

The situation is shown in figure.
Thus, the acceleration along the X-axis is

F_m(ozx_ 2

a= =X

m m
dv
e o’x
dv dx )
dx dt
dv

o
or vdv=o’xdx

or

or

or

v L
or J.vdv:J.cozxdx
0 a
v L
1
s
2 0 2 a
2
or %_%of(ﬁ —-a*)

30. Ans. 67.7]
wy =E.d, = (6)(4) = 24N
W, = 1326?2 where=8cos 30i+8sin30j
- (4\Bi+4]), 5 = (4i+4))
= W, =43.7 ] therefore Wye:=67.7]

31. Ans. (a)7.5J;(b)15/;(c)7.5J;(d) 30)
W = area under the graph.

32. Ans. 3
W, = lkxZ
2

w, :%k[él-xz —xzjzgkxz

33. Ans. 0
Total work done = change in kinetic energy

= %vaZ —% mv;2 = % (2) x (1)2- %x 2x(1)2=0

34. Ans. 4
1
mgh == kx*
g 2
1><10><5:l><k><1
2 4
k=400
www.allen.in [83]
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35. Ans. 10

By applying work energy theorem in wedge frame between point P and Q.
AKE = Wg + Wpseudo force

= 0=-mgR+ maR

= a= g
36. Ans. ™Y

Mass of dx = dx x%
dW =dmgh

dW=dxx%gx

IWdW=IL/3mngX= mgL
0 o L 18

37. Ans. —%uMgL

szﬂdx
L

w s M _( —2pMgL
fo dW—j0 _“TngX_[Tj

38. Ans. (i) 2 + 2412 + 72t4], (ii) 48 t N, (iii) 48t + 288t3 W, (iv) 1248 ]
v=1+6t2
and a=12t

KE=1m(1+36t4+12t2)
2

F=4(12t) =48t
P=Fv
39. Ans. (a) -30 kW, (b) 19.5 kW
15000

]

\IT

10000
T = force applied by motor
(@ P=Fv=-Tx6
=-5000x%6
=-30 kW
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40.  Ans. 46]
P:F-v:mv-ﬂ
dt
= %m(vz—uz):J.Pdt
= [t3—t2+t]:

41, Ans. () ;) “’”" ()_

; (d) vyezm

Top vies
Vo
f
(a) F.=N
=
N ="-and f=puN
b _pmv
b)  f=—
fi pmv* | 1
C aqa =—=| —— |.—
@ a=" 2 I'm
2
. pv .
(=" g (acc. is opposite to velocity)
dv v’
d _=
() ds R
yav_ w
ds R
dv _ W
ds R

www.allen.in
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42, Ans. (a) 0.2 N; (b) 30°
Given
V=36 km/hr

:36xi:10m/s
18

R=50cm
mass of block =100 gm = 0.1 kg
u=0.58
(@) Top view
N+« ® > mvz
R
N:mf
R
N= m =0.2 newton
50
(b) Incar frame (top view)
my?
R cosf

l’T’lV2

2 cosO=f - (1)

2

mv
sin6=N w (2
2 (2)

when slipping begins then
f=uN

2 2
mv mv°® .
r cos0=p. sin©

cotO=p
cot 6 =0.58

cotO = 1

NG
0 = 60° from horizontal

0 = 30° from vertical
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43. Ans. (i)f= %xg; (ii) \/MQL;(iii)%L

m,
AN
n=0 H
i) A=m/L
4 mi=AXx
R
fi= N
=pumg
fi=n % gx

(ii) To lie completely
Wnet = A KE

www.allen.in
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0
Wes+ W+ Wne=AKE

Wha = KEs— KE;i
L

j(%xjdx(—l) +[umglx(-1)=0 —%m(Z glp )2

0

mg| I mx4
%[7} +pmgx = T(QLM)

£+x=2L; X=—
2

Total distance travelled
3 5L
2

D= L+%; D
2

44, Ans. Graph-1:Forall x, Graph-2 : x<a &x > b, Graph-3 : —§<x<—% & Tox <§

E (total mechanical energy) = KE + PE

KE>0
E-PE>0
E>PE

E must always greater than PE for particle to be exist
For graph -1 = for E < PE

XeR
For graph -2 = for E < PE

x<aandx>b

For graph - 3 = for E > PE

EHGY
2 2 22

[88]
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3v3
45, Ans. u= gL(2+T\/_J
vcosO i
1
| Y
1
) 0 B
¢ R/2
. RIZ A4
|
L L
0 | Lcos©O
0 l
1
|
: Lsin® l
L 1
le——!
L/8 :
A

u

AtpointA,v=u
At point B, v =v at 0 with horizontal

1 1
Emu2 =mg(L+ Lcos 9)+§mv2

u?=2gL (1 + cos0) + v2
vZ=u? - 2gL (1 + cosB)

2 i 2
Range‘R:Lrle

Also, B=L51n9—£ (1)
2 8

At B T=0

muv?
mgcos0 = 5

u2-2gL (1+ cosb)=Lgcos O
uz=2gL + 2gL cos 0 + Lg cos 0

2
u—zgl':cosG (2)
3 gL
From eq (1)
E=Lsin6—£
2 8

2v’sinOcosO

Lsine—£
2g 8

www.allen.in
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(Lgcos0)sinOcosO
9

Lsine—£
8
Lsin0cos? 9:Lsin9—é

sinOcos® O:Sine—%

sinB(cos*0—1)= —%

+sinOxsin? 6:+%

sin39=l
8

1

sinf= [1j3 =
8

N | =

From eq (2)

u® —2gL
3gL

=cos30°

uz-2gL = ?ngL

u2=(¥+2JgL

u= gL(%-FZ]

EXERCISE - JEE (Main) PYQ

1. Ans. (3)

Let elevator is moving upward with constant speed V.

Tension in cable

T=2000g + f,=20000 + 4000
T=24000 N

Power P=TV

60 x 746 = (24000) V

_ 60x746

2000g f,

[90]
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2. Ans. (5)
Let the speed of bob at lowest position be v1 and at the highest position be v..
Maximum tension is at lowest position and minimum tension is at the highest position.
Now, using, conservation of mechanical energy,

1, 1 5
S MV} =2 my; +mg 21
=  wi2=v2+4gl -(1)
mv%
Now Tpgx —mg = I
2

mv1
= Tmax =mg + T

2
And Tpin +mg=% Y
mv3
=  Thin T~ mg
mv?
Tmax 5 Mg+ 5
=-=
Tin 1 mlvzz_mg 1
mv% mvj
= mg+-—-= l—mg]S
2 mvj
= mg+l[v2+4gl]= i —5mg
2 2
m v
= mg+Tz+4mg= lz—S g
4mv%
= 10mg = ]

10x10x1
4

%=

= 12=25

= wv,=5m/s

Thus, velocity of bob at highest position is 5 m/s.
3. Ans. (6)

Let's say the compression in the spring be y.

So, by work energy theorem we have

1 1
= —mt = —ky2
2 2

m
= y = ’F’U
,4

= y=2m
Final length of spring
=8-2=6m

www.allen.in [91]
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4.

v-xj: 005/ = 0.05 x 10V10

v = 0.5V/10

From h = lgt2

2X%X2 2
10 10
d=vt =05Vv10 X —

Ans. (1)

K, = 4K,

1mv% = 4—mv?
2 2

VU, = 2v1

2
J10

P=mv

P, =mvz; =2mv;

P1 = mvi
% change
AP 2mv; —mv;
X100 = ——=x 100 = 100%
1 muv,
Ans. (2)

Whorter + Wing = ZK.E. = 0
Whorter = _ng = _mgh
=-80x9.8x.8=-627.2]

Ans. (2)
Given,m=0.5kgand u =20 m/s

Initial kinetic energy (ki) = > mu®

1
=EX0'5XZOXZO=100]
After deflection it moves with 5% of k;

kr= > x ki = x 100
100 100
= kf= 5]
Now, let the final speed be 'v' m/s, then :
1
Y — 2

ki=5= > mv

= v2=20

= v=v20=447m/s

T

2m

[92]
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8. Ans. (2)
{( R-h)

C
0
§ __m_%ﬂl}_q__ll_l.
6\‘?» mg
o™ 1
mg cos 0 = R (1)
h
cosf=—
R

Energy conservation
1
mg{R - h} = > mv? -(2)

From (1) and (2)

) - e

h=—=2m
3

9. Ans. (40)

«—2m ——

|

1m, 1kg 3m,
3kg

\\\\\\\\\\\\\\\\\\\\\\\E

From energy conservation
Ki+ U= kf+ Ur

1 3

-5=k/-45
kr=40]
10. Ans. (2)
Given Wy = Wpg
Fad cos 45° = Fpd cos 60°
F, X i =Fp ><l
\2 2
F, V2 1

Fp 2 2

x=2

www.allen.in [93]
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11.

12.

13.

14.

Ans. (1)

Work done = Change in kinetic energy
1 1
Wing + Wair-friction = E m( 8 V gh)z - E m(O)Z

.64
Wair-friction = 7 mgh - mgh == 0.68mgh
Ans. (4)

Statement I :
Vimax = +HRg =+/(0.2) X2 x 9.8
Vmax = 1.97 m/s
7 km/h = 1.944 m/s

Speed is lower than vinay, hence it can take safe turn.

StatementII :

Vinax = /Rg [SZ—%]

- Jz x 9.8[1205] = 5.42m/s

18.5 km/h >5.42 m/s

Speed is lower than vy, hence it can take safe turn.

Ans. (728)
We know, 6 = (@) t

Let number of revolutions be N

900+2460
27N = 2n(w) 26
N =728

Ans. (1)

At Vinax, fwill be limiting in nature.
Balancing force in vertical direction,
N cos 30°-mg - uN cos 60°=0

=  N[cos 30°-u cos 60°] =mg

_ 800x10 _ 5 5
N = 087—00 ~ 10.2 X 10°kgm/s

Hence option 1.

[94]
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15. Ans. (1)
Conical pendulum
r_ 1
[ 9 = = = —
sin =5
0 =45° Tcos0
2
Tsing ==
r
T cos © =mg
2
v
tanf = g = v=,/rg mgo
Ans. 1
16. Ans. (2)
ool
)

0
Put (=4.4x9.46 x 1015

) 4X2mR  4Xx2m (¢
Time = =

v v

v=8x15x1011
4 T
O=——X—rad
3600 180

We get time = 4.5 x 101%sec.
17. Ans. (3)

T = Mw?R

T=80N M=01 o=? R=2m

80 = 0.1 w?(2)

®? =400

=20

2nf=20

= 10rev _ 600 rev

TS T min

18. Ans. (3)

19. Ans. (3)

F = 4xi + 3y?}

WD = AKE

W = [ F.(dxi + dyj)
= flz 4xdx + f; 3y%dy
= (2x)i + ()3
=(8-2)+(27-19)
=6+ 19 = 25/
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20. Ans.(120)
By energy conservation
PE = KE

Hy 1 ¢/ H
mg(”*i)zz"x (’“=§)

3 1
0.100 x 10 x > (0.10) = = k(0.05 X 0.05)

3x010  3x1000

T 0.05%x005 25
21. Ans. (3)

Natural length = 1,

= 120N/m

Extension = x

kx=m(L, +x)o’

= 12.5x=%(L0+x)25
=1.5x=1L,

x_2
L, 3
22. Ans. (40)
2 v X
v@=v—:>Jﬂ=lex
dx R v R
v=15¢"%

%:156”’?
t

15 0

nR

2 ty

j e Rdx =15 j dt

0 0

t,=40(1-€ ™)
23. Ans. (100)

F=ti +3t}]

mdv

T i +3t%]
dt J

m=1kg, j'dv :jtdtf +j3t2dt}
0 0 0

Att=2, power= §+3x32=100
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24.

Ans. (1)

Work done (W) = Fs cosf

(A) Work done by a man in lifting a bucket out of a well by means of a rope tied to the bucket is
positive.

(B) Work done by gravitational force in lifting a bucket out of a well by a rope tied to the bucket is
negative.

(C) Work done by friction on a body sliding down an inclined plane is negative.

(D) Work done by an applied force on a body moving on a rough horizontal plane with uniform
velocity in positive.

(E) Work done by the air resistance on an oscillating pendulum in negative.

EXERCISE - JEE (Advanced) PYQ
Ans. (D)

—

F=k [%] = force is radial.
r

So, W=0.

Ans. (5)
P=F-v:0.5=0.2v%:>v2=5t
Ans. (A)

Ans. (B)

Solution for Q. No. 3 and 4
mg R sin 30° - 150 = %mv2

= 200-150 =%v2

v=10 m/sec
muv?
R

N-5=25=N=75

N —mgcos60° =

Ans. (5)

Kr— Ki= Wa

Kr= Wexe + Wyr
=18x5-1x10%x4=50=5x10
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6.

Ans. (D)
By circular motion equation
0o~y
mg cosf -——=
g R

by conservation of energy

1

Emv2 = ng(l — cos 9)

2

mv
R = 2mg(1 — cos 9)

So, mgcos®-2mg(1-cosB)=N
= N=mg (3 cos0-2)

For 0<6 <cos™ ! (%),N, N is positive

So, N on ball is outward and its reaction force on wire is inward.

For 0 > cos-! (%) N is negative,

So, N on ball is inward, and its reaction force on wire is outward.

Ans. (D)

Force on block along slot = mw?r=ma=m (%)

f; vdv = [ w?rdr

R/2
v? wz(z RZ) , R?
—=—\r"-—)>v=0w |r-—
2 2 4 4
T dr t
= fR/4 - J, wat
2 R

2 2
R R R
2_ 2 _ 8 2wt 2 1wt
= T 7 7€ +r 2r2e
R™ 2wt ﬁ
€ +4 wt —-wt
= r= =7 (e® +e™¥)
Re
Ans. (C)
ﬁ2=mgk
— , e wR ¢ —wb. o~
Ny =2m(V o X )] = ZmT[e“’ — e “wj

= %msz(e‘”t —e @Y}

Total reaction on block = ﬁl + IVZ

= %msz(e“’t — e “Yj +mgk

N2

Z |

2m(l7r’ot +d) mg

[98]
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9. Ans. (ABD)
dk

dv Y
a=—= |—=constant
dt m

Since F = ma
F = constant
10. Ans. (0.75)
F = (ayi + 2axj)
Wyp = (=10 - (1) = -1
[13 =-1i + Zaxj]
S=1i
Similarly,
Wse=1]
Wep=0.25]
Wpe=0.5]
Wer=Wrma=0]
o New work in cycle =0.75 ]
11. Ans. (AD)
By the energy conservation (ME) between bottom point and point Y

1 1
S MYy = mgh + > MV

v =v§—2gh ..(0)
Now at point Y the centripetal force provided by the component of mg
in30° = "
mg sm = T
R
vi= gT
From (i)
R
g7 = v(z) — 2gh

At point x and z of circular path, the points are at same height but less then h. So, the velocity more

than a point y.
mv?

So, required centripetal is more.
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JEE (Main) Practice Paper

SECTION-A
1. Ans. (1)
For same sense : 5ot = ot + 21
2. Ans. (3)
F = pseudo force or centrifugal force. T is resultant of centripetal force and weight so it should be
larger than both.
3. Ans. (3)

N cos 8 =mg
mv?
Nsing = —
r
4. Ans. (2)
If N is the normal force on the wings.
2
N cos 8 =mg, N sinf =%
2
. . v 200x200
which give R = g tan 0 — T0x@ni5°® 15km
5. Ans. (4)
v2
an, = ?
v% cos% 6 v(z)
g9 29
6 Ans. (2)
20%3

wa =75 =§rad/sec

10 1
Wp =55 = Erad/sec

The apparent velocity depends on the angular velocity observed by us.

225 25
10000 10000)‘8]

W= 2k(x} —x3) = 5 % 800 (
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8.

10.

11.

12.

13.

14.

15.

Ans. (3)
Ncos0
Nsin®=ma=10 N

-

Ax = %at2 =15 Nsin6
W=Nsin0-Ax=150]
Ans. (1)

Gravitational force is conservative force.
Ans. (1)

w =300 X é—g =10 nrad/sec

V=Ro=10nx1=10rnrad/sec
KE = 2 x 5 x 10012 = 2507 Joule

Ans. (1)

1 3 1

2 2 2
-mv" —u") =——X—mu anda=-
> ( ) PR ng

v:u+at=>%=v0—ugt0
Ans. (2)

kvo=mg=yo=a

KE = mga —%ka2 = %mga
Ans. (1)

Formas m:

mg sin 0 + f; max = kx

mg sin 6 + pmg cos 0 = kx

for mass M :
1.5
ng=5kx = kx = 2mg

m(sinf+ucos0)

= M= 5

Ans. (1)

2_q,2
a=—kx:>%-v=—kx w1

Ans. (3)

1
Emv = mgh

= v=,/2gh
a=gsinf
02 > 01

sin 02 > sin 04

dap > ax

th<ty

www.allen.in
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16.

17.

18.

19.

20.

Ans. (4)
To reach at C, particle must reach at B first.

1
Emu = mgh

uz=2x10x 320
u =80 m/sec.
Ans. (1)
dU =-F.dx
dU = —-kxdx

__1 2
U= 2kx

Ans. (4)

Maxima of potential energy curve gives position of unstable equilibrium
So, at x,, there is unstable equilibrium.
Ans. (4)

au

—is zero for BC

dx

_au
F=-T

au
— is maximum for CD.
dx

Ans. (3) v=0
|

By energy conservation v
1

297
V1= ,/Zgﬁandyz% ={

il 14 |11
distance=—+{=—|—+ 1| = 4m
2 9 L7 2\/97
SECTION-B
Ans. (6)
_ wdw
T de
[wdw = [ ado
w2

1
Bl Area under o vs 0 graph = > (9 X 4)
w =36 =6rad/s

Ans. (3)
At t=1sec
¥ =151 — 10§ _1_5
d = —10j P
ar = @ —_ ﬂ i \\\\\
v 13 i N 15
30 i
ay =+a*— a? = \/T—3 i [ \%
a 30 ' 10
N _ = _ 15 =x
ar 20

[102]
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3. Ans. (12)
W=F;AZ=3x4=12]
4. Ans. (8)

Method I: Wi = AKE = —m(vZ — %)
v-it—2t+2—2(t+1)
v2=6m/s,vo=2m/s
Wau = 5(3) (62— 2%) = 8]
Method I1: x = t2 + 2t
dx
de2

so F=m(A) =1 N = constant

so, W=FS = (1) (8-0) = 8]
5. Ans. (4)

Wi+ Wy=0=Wi=-W,=-mgh=-02x10x2=-4]
6. Ans. (4)

Fx=—fi—g=—4x

7. Ans. (2)
ky =mg

a = —5= 2 m/s? = constant

1
m,gy = ky?
2m1g = mg

m
ml == 7
8. Ans. (6)

U=4x2 + x4

— _9Y _ g, 4.3
F I = 8x — 4x

Atx=1,F=-8-4=-12N

= a=£=_—12=—6m/s2

m 2
9. Ans. (4)
N= mg =v=0

mg2 1mv = v=,gR=4m/s
10. Ans. (18)

m‘UZ

2=rg =360
From energy conservation mgh = %mv2

www.allen.in
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Ans. (C)
2
v
ag = ?B =3g
v: = 3gR
Applying COE at A & B

mgR +%mv2 = %mvﬁ = %m x 3gR

1 , mgR

oMy =
Vy = ,/gR
Ans. (A)

P=F-v:mav:mv2'%
S

[ Pds = [ mv2dv
10 1 349
= 63=v3-1 = v=4m/s

Ans. (C)

Here centripetal force is provided by normal reaction of vertical wall.

(i) Normal reaction of floor Nr = mg

mv

(ii) Normal reaction of vertical wall Ny =

Ans. (ABCD)

w.r.tB:

v cos 30°
Wpp = ——

a

Ans. (AC)

displacement would be different for both observers.
Ans. (BCD)

Fi is a central force

So itis conservative

Wby F1 =20 x 6v2

=120V2)

[104]
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7. Ans. (ABCD)
O0A=1+k OB=2i+j+k0C=1+2j+k
— AB=0B-04A=1+j,BC=0C—-0B=j—1AC=0C—04=2j
WAB = ﬁ.ﬁ = 7'WBC - F-).R: - 1'WAC - ﬁ.ﬁ =8
A constant force is always a conservative force.
8. Ans. (A)
Vo
pmg
Yo
In the frame of belt, t = —
M9
Displacement of belt = v, X o
M9
9. Ans. (B)
Work done by friction on block in belt frame,
W = AKE = —%Mvg
10. Ans. (C)
Applying WET
—-mg(h+R) = %mvé — %mvg . (1)
Considering motion from B to C
2R _ g
vp X ’F_d = vg=d ’ZR
Putting in equation (i) we get option (C).
11. Ans. (A)
Particle should not loose contact any where on the circular track.
Considering N = 0 at highest point.
mv?
— =mg = d=+2R
12. Ans. (B)
vé¢ —vi =2gh
mvi m(vé-2gh)
Fp= =
R R
www.allen.in [105]
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13. Ans. (25)
kxo=mg = k=2000 N/m [xo =1 cm in equilibrium]

to lift 3 kg mass, extension in the spring must be, y = 5000 = 200 ™

Let further compression in spring is x.

Ws + Wing = AKE = —%k[yz—(x+ﬁ)2]—mg[x+ﬁ+y]=0
3

2
= —1000[409W_(x+ﬁ)]:20[W+(x+ﬁ)]
2
et 50 (x4 1) = 2+ (v 1)

14. Ans. (25)
By using work energy theorem
W = AKE
1 2
= Thkx"-0-W;=0
2
1 2
= Ekx = umgd
gl 1 (100)(0.5)%
= = 2pmg ~ 2(0.05)(1)(10)
15. Ans. (500)
Initial length of spring = r (relaxed)

2
kr —mg =g (1)

COE atA and B

25m

1 2.1 5
mgr(1+cos60°)—5kr :Emv
B{kr

= mvZ=3mgr \ N=0

From equation (i) mg
kr-mg =3mg
kr=4mg

ke =2m9 _ 500
Tr

16. Ans. (1)
Angular velocity of A with respectto O s ; d

_ (Ya0)

Wa0 T a0

_,,________
o,
\
Y

v
Vao = 1(Vao)1 ==

Tao = d\/i

2
_ (vAO)J_ _ U/\/i _ v

X

o

~
=
b
(97
o,

R

Wa0
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17.  Ans. (300) 10g

Since the car is moving with maximum
safe speed. Therefore, friction will be

at its maximum value.

30°

N co0s30° = fsin30° + Mg; f= uN
cos30°

18.  Ans. (A-Q,S), (B-P,S), (C-R,S), (D-P,S)

1
For block, Wy + W, = E mvi

= Wy+mgh= %mvﬁ
1 2
= Wy= 5 MV, — mgh
1 2
For wedge, Wy = 5 My
1 2,1, 2
By C.O.M.E, mgh = > mvp + EMUW

0

= (%mv,f - mgh) + %Mvﬁ,

WN, blOCk + WN_ wedge = O

www.allen.in [107]



