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|
CIRCULAR, W.P.E
|
[ EXERCISE — | I SINGLE CORRECT ]
(A) CIRCULAR MOTION (Given 6=45°w =0.1rad/s)
1. C 4. D
0 =0; o, = 80 rad/sec
t="5sec
®, = o + of
80 10m
- — = 2
o= = 16 rad/sec PNJ30°
1 8m/s
6 = —at® =200 rad
2 w.rtto P
2. D 3m/sec
—i
43 I
> * >33
90_ \L ~
: V. =88in30°+6sin30° =7 m/s
speed of the second hand
onr o=t _ 7 _07rad/ sec
V=— - R 10
time in one revolution
V= 2n6 =2nmm/s
60 Q
5. N\ -asinot
Magnitude of difference of vel.= v; — (-v;) NS
 F\P
=V +V V=V +VF =87’ !y
= 2\/§n
3. A
PQ = \/(a—acosoat)2 +(asinmt)?
wall
=2a sin(ﬂt]
2
6. C
0, o t2 6y o< t
0, =kt 0, = k,t
From given conditon calculate k, and k,
(D:L 2n =k, x T =K, x 4%
R k, =2 k,=1/4
_ vsing 0,=2t 0, =1/4
3/sin® W_deA=4t W = dos _ 1
‘2 AT dt B” dt 4
o= vsin© 0
3 () (] 2
v=0.6 m/s dt t=5sec dt t=5sec 4
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®,:0,=80:1 s
tana = =—
7. c . R
20
R=-—"m; v=80m/sec 12 D
VZ=U?—2as
u=0 s=2(2rR)
. 20
(80) =2at(4n.7)
a, =40 m/s?
8. A
Slope should be decreasing
dw
a=—— =tand,if 6, ol r
dt —=Rcos6
2
9. A r=2Rcos 9
(i) Atany momenta =a After differentiable
t r
v? I _ oRsined®
a, = _E dt dt
dr .
Vd—v:—ﬁ ﬂ=_lds a:VradZVSIne
ds R ~ v R
S o _, .
After integration logv= -~ + C ..»I) gt~ @ (~ve because 6 decreasing)
att=0.s=0,v=vV vsin 6 =2Rsin 0w
C=Iog’v ’ ° v=2Rw=0.4m/s
0
v S a=.a’+a® .. o=constant
log — |[=——
from eq. (1) Q(VOJ R y
v=v e SR = a=ar=E :>at=0
0
(if) Atany moment a, = a, V2
v? a = — =32m/s?
a=+2a, = J2.— R
R
c 13. C
10.
w=0%2+20 a = V3t v2/R
40 _ o942 jdvzjﬁtdt 305
do
wdo _ V3t? a4
o =——=(6%+26).(20+2) = 12 rad/sec? V=5
do
1. B tan30°:\/§;R2:>L: 4t4
Given v = avs \/§t2] V3 3t
2
_vav _ B a’
at_ d_S =a S.—2\/g—? a = =4t > t3=(2)2
= t=2%sec
2 2
a ¥ _88 o
R R
ar
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14. C
The magnitude of acceleration is constant in (A) and Ve~ o2 10 cm/sec
decreasingin (B) 2 2
In (A) — r constant, a, = 0; Turntable rotating uniformly a =0
v? a —ﬁ a', = ve 20 10 cm/s?
v constant, a = R constant "R TR 2 ~
In (B) — ris increasing , V constant
2 19. D
a,=0;a = " decreasing constant speed and variable velocity
20. C
15. C Car will not slip when moving with speed v
Given =1;0r =] 21. B
iven — =L, =5 .
Mo R, 2 Given k = as?
i s _ m,V3 v2 =ESZ
R, R, m
. . vdv  2as
N VM i _ L After differentiating w.r.t s ds = m =a,
V2 RZ \/E
v? _ 2as?
16. D " R mR
"""""""" Total force = {/(ma, )? + (ma,)?
-4—‘T’C ’ 2a ,) 2as )’
R .- m&R Total force = mz(ﬁszj +[m?)
I m = 16 k
R=144 m 9
2.4
MV2 - 4‘;23 +2a%°
==
T,..=16N &
=2a8,|—5 +1
v - [RT R
max m ) e
s
=2as| 1+—
Vmax= Mz']zm/s ( sz
\ 16
22, B
17. D
kx
._><_._><_._><_,T3 it T Y mo’r
@) A B C
X
¢ 4 l r=I71+x
T,=me?*R =mae?(31) ..(1) kx = ma? r
T,=T, + ma? (2] (2) kx = ma? (I + X)
T,=T,+me?(]) (3) 2
=1,
T,:T,:T,=3:5:6 = ma”¢
2
k-mo
18. A
V=ro
If r— r/2
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23. C 0.5mg> m x (5)%xR
0.5x10 SR
25
R<02m ’]‘ N
27. C
R=10m l
m =500 kg 5
N =mo?R+mg mg moR
2
= mI;{/ +mg = 500400 +500x10
=25kN
2T sin% = RdOAw’R
. 28. At the highest point
It d6is small velocity is zero so bob will follow the trajectory straight
gn 38 . 9 line
2 2
ZT% = Rd6Aw?R 29. Tcoso
T =A0’R? ma?/sin®
24 D Tsind
@ mg
\D & £ sin 6
—I = r=/¢sin
ToaT ill Tsin®0=maw?lsin® ..(1)
X R = T=me?! Ans.
; - T cosb =mg ..(2)
m 30. v= ,/Rgtan®
dT = —.0°xdx
0 R=10,3 m, 6=30°
Integrate with limit x to ¢
]
‘ _ [10/3x10x—
T= j% o°xdx J3
X =10 m/sec = 36 km/hr
l
mo® | x? 1 me®
T= = _ 2t 2 _ 2
1 {21‘2 ; [ =x7] '/I'cosG
mv?
25. MmI<g 31. Tsin® mw?/sin®
A
mg
2%6. <«— Wl ——moR ‘
f T of simple pendulum = 27 9
mv?2 Tsin®6=m w?lsin®
umg > =>T=mae?l
R and T cos 6 =mg
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32

33.

34.

35.

36.

mg
= T=
coso
g 2 , g
=m! 0=
Now, cos o = [cos©

T = E =27C gcose
o \ ¢
Tconical Pendulum =21 éCOSG x\/gxi
) Tsimple Pendulum V g ¢ 2n

Ratio = \/cos®

In uniform circular motion
Force is towards centre

------ <. ~2M
n"/l d B\‘\
A
27
p-—
)
L _ P
=0 =5
8m2Md
T-2Mofd= =
_2n
T

T is same for both cases car's
oo @ 1O, =1:1

(B) WORK, POWER AND ENERGY
F_Ldr

~WD.=0

Force and displacement are perpendicular to each
other.

38.

39.

40.

41.

37.

T

By the lift frame
T=m(g+a)
and

- lat2
2

=W, = T8 =TScos0°

1 42
m(g + a) x 5

I S

M M M

.. (8) Mechanical Advantage

In case of first spring F = k.x,

F
X, = K_1 (1)
In case of second spring F = K x,
F
X, = K (2)

2
~ K> K= x>
= More work is done by this force in case of second
spring.

f=p N (Tangentially)
= =—2nrpu N
—ve sign indicate that f & ds is opposite

V, = at,
Vo

a= t,

v

tO

w= Ak = k- k

SoV= 1

2
Vo {2
T2

t

0

’
-M
=2
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42.  WD.= [F.ds T1v2 — 105 x 200 _ 101010
2 3
=KI[(yi+xj).(dxi+dyj)] -
vZ = 2><§><200 -50
= KI(YdX +xdy) V=17.32m/s
35
=K d(xy) =20K 48. 2KE,,, =KE.,,
15
2><1M><v§an =1.Mv§0y
43.  Maximum velocity will be at Mean Position 2 22
Where F__ =0 Vi
mg = Kx V. ..= 2y (i)
1x10=2x 100 x X
X = 5 cm 1 2 _ 1 M 2
~h=20-5=15cm S MVian +1)7 =575 Vioy
V2
1 1 = (Vo +1)7 = —22L
44. W, = 2 kx,2 — 2 kx,? 2
1 Vian = (\/§+1)m/sec
=EK(62 -4%)x10™*
49. u=0 andu=-2
110 4 , Ak = — Au = 2 Joule
= —X——%x20x10™" =
5%702 1 joule
50. v=at
45. Potential energy Decreases = 1043 M/s
=—AU
Inground frame
W.D. by gravity + W.D. by normal = Ak
1
. —K(0.3)> =10 1
1 203 0+W.D., =Ex1x(10\/§)2=150J
20 2000
— K==
0.09 9 51. (W.D)y,, trction + (WD) ) coring = Ak = K —k =0 —k;
1 1
work done = %.&900[(0.45)2 —(0.3)?] —-025x1x10x4— 5 % 2.75 x 42 = —§><1><V2
=125J v=8m/s
52. Friction is present
47. . Mechanical energy is not conserved
But work energy principle conserved
Due to extrenal friction force is working on the block.
W = Rox F cos 0° 53. The block will come to rest when work done by friction
(by the force) becomes equal to the change in energy stored in
spring.
=10 z 200
= X 3 X 1
Work done by g = MgR (1 — cos 60°) 54, Work done by force F = 100 x11 x 5= 550J
_ gRM Work done by the gravity = mgh
2 mgh =550
gRM 550
= - = = =11m
K.E. = RF6 > =h 510
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55.

56.

57.

kxcos©

kx €—

mgsin®

kx cos 0 =

mg sin 6

X=m g tan 6/k

l><m><v
2

lmv2 +
2

3
7777777

2k

gmg

_ m’g’tan’6

1y M9
amg

1
—mga =mga
> g g

58.

59.

61.

62.

63.

64.

65.

66.

’
Net work done = —Emvé

K.E is converted into P.E.
Mechanical energy conserved.
Block loses its K.E.

Velocity of block with respect to observer B is zero so
K.E of block = 0

PET
Due to +ve work done by N

—a
[0\
@ @

P=FV=(R+ma)V

P=FV
Given

1 5
tan®= —— 100 ; V=380 km/hr = 30 x 18 m/s
P =mgsin6.v [0is very small]

1 5
=30,000x10xm x30x§=25kw

F.V
(10i +10]j +10K).(5i — 3] + 6k)
(50 — 30 + 120)

140 J/sec

B
P
P
P

On comparing

FoeV

F=kV

P=FV = kV?

Now 2P = KV"2

2 x kv? = kv
= V2 =2V?

=2v
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dW dKE. d®u
— =—""(KE=2t? — =3-4x
7. & T a ) DA
dKE. d®u 1
P=|—— = 4t = 8watt —_— =3+4x—
= ( dt lm:zS = [dx2 ]X=; 2
1 =(5) > 0 (stable)
—mv? =2t
2
= v =4t [.. m=1Kkg] 71. B
dv it N
—=2m/s’ =a
= dt ‘ ¢
0
68. U 1
A
2
mgcos ¢ — N = mv
r R
0] V2
Minima N =m(g cos ¢ — E) (i)
For stable equilibrium N=0
2 2
du au v "
E:():;n and [drzl >0 = CcOoS ¢ = Rg . (i)
For stable equilibrium P.E. must be Bv enerav conservation
Minimum at the equilibrium position y 9y
T = mg(R—Rcos¢) = v =2Rg(1-cos )
= dus dus dup 2
69. F=—"i——j-
dx dy  dz ) . . 2
Using (i) & (ii) cos ¢ = 3
F= U =sin (x +
F=aU . [ f 2 height from highest Point=BD =R (1 —cos ¢)
=COoS(X +Y)i+Ccos(X+Y)j 5
R
h=R[1——)= - Ans.
= T2 I 3 3
Fora) = cosz i+ COSZJ
3 TV (1Y 72.  5Rg=+5x25x10 =515 >10m/s
IFI= (EJ J{Ej =1 = N, will be zero in partA, D, C
at some point
70. 2x¢-3x—-2=0
X_Si\/9+16_3i5 3.
4 4
1
——— .9 Mv2/R
X >
2
dF  d% T= Mv +Mgcos6
dx dx
1
MgR cos 6 = EMVZ
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74.

75.

76.

1
= —Mv?
= Mgh 5

2Mgh +Mgh
R
Straight line

T:

4Mg

Vv
N

Mg

1
= —Mv?
2MgR 5

2JgR =V

mv 2
R
N=3mg

=mg+N

Initially be in contact with the inner wall and later with
the outer wall.

v 29/
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|
[ Exercise -1 | MULTIPLE CHOICE QUESTIONS ]
1. B.D (1and 2)
(B) There are other forces on the particle
(D) The resultant of the other forces varies in magni- —
tude as well as in direction. =
E N.L
F e D B e i = T K ......
3+ 3 X4
2 /E*C 11. MP.7 1
N B S \l, mg
S
A
= m
v=or MP.  x = 9
At A K
» But block further move downward due to inertia. So
N = ) _ descending through distance
mg+ —— =2mg [v=yar] i
atE _<cmg
, k
NP mg o
r
= N=0 T
AtGandC m Ta
N =mg
l mg
2
3. T—-Mgcos6= X
atMP.at - =F _=0;s0a=0
Tangential Acceleration =g sin 6 2
at lower most point
4, (AVFLV 2mg
(C) Object is at Rest But point of application of the k(—j—mg =ma
force moves on the object. k
(D) The object moves in such a way that point of appli- a=g
cation of the force remains fixed.
12. Particle takes speed tangentially and act as a 'Projec-
5. (A) The spring initially compressed and finally in its tile' (curved path)
N.L.
(B) Initially stretched and then in its N.L.
6. W.D. by force of friction
can be zero, positive & Negative
7. Total work done on a Particle positive when momen-
tum increases & K.E increases 13. Given U = 3x + 4y
Initially particle at rest at (6,4)
8. Total energy = E = K.E + P.E. SoKE=0
When speed of the particle is zero. Epa=PE=3x6+4x4=34J
e, KE=0
' oU: dU- .
=UX=E F="3y "3yl = -8i-4]
9. Angle of Inclination
10. Only Conservative force (mg) is act.
So E.C. is done only two points

MoTion

Nurturing potential through education
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(-3) (6,4)
-4
\Y
_r 2 SMV2R
a=-3i—4j
M
|a|=5m/s? 9
Let us assume particle crosses y axis after time t Mv2
] N= +Mgcos o
— 6= ——x3xt?

X—6 5
at y axis

x=0 N ,ate=0°
= t=2sec N is zero only

] 0 > /2 because in this
So y—4-= _EX4X(2)2=_8

y=—4m
(PE)aty=—4andx=0
isU =—16J
(y=—4,x=0
So. KE ZTE.-U

%MVZ =34-(-16) =50

VZ=100= V=10m/s

M C

14. H=2R

B
E.C between point Aand B

’
Mg (2R) = EMVZ

V =./4gR < ,/5gR
V =,/4g9R >/2gR

So, doesn't complete vertical circle and break off ata
height (R < H < 2R)

16. To complete vertical circle

speed at point B > ,/5gR
So. E.C.

1
MgH = EM(SgR)

5R
H=—=25R
2
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[ Exercise -1 |

SUBJECTIVE PROBLEMS

]

o =12 rad/s
orer 27% 480
X
. NG o =—>-— =16radls
37° 374 — f ntx 60
1 a T o =0+ ot
100 = o = 2 rad/sec?
MY mgcos37° 12 + 2tfort<2s
4 16 fort>2 sec
T,x = =100 T,=80N at0.5 sec
5 a =2m/s?
T,=125N o =12+0.5 x 2 =13 rad/sec
128565 =169
2. att=3seconlya = or
D
o \
7.
V3
a =acos30°=25x 7m/s
2
3. a8 =2
p
= V2:25><\/§X2.5m
2
1/2
J3
from S =ut + lat2 V=(125XT m/s
2
1 =n 25
:>TE=0+§XEt2 a =asin 30°=? m/s?
t=2sec
fromv=u+ at
T 2
:>v=§-2=3.14m/s mVg /R
4, Do Yourself 8
- VO
a v?
> e=R %= TR MVZ o
a, =6 m/s? a =8 m/s? R
(V,cos 459 =9.R
2 2
«°R V_°
=R= 29
Ve
6. " ac = ? = 2g
2 m/s2
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VnR
9. 0= 2V _T -
R 2 ™23
«— = N
Vi Tvl 379,53
V-V, 5
. ion = L=2y2V" /7R 4
. Average acceleration = R NPARRE: a=gsin53°=10x 7 =8
2V
) 25
Ratio = oa
T, sin®
5 T 15. (a) Net force on Block is zero
4 1
) V= constant
< <3 > mo’r E
10 T,cos6 T mg
f
T, sin® F=f=umg
so, work done by force.
= T,cos0+T,cos0=maw?r ..(1) o
T,sin0=mg +T,sin6 .(2) F.dr=0
11. a=aR=5x05=25m/s? r
Normal exert on Block, N = ma (b) W = IN_dr
N=1x25=25N 5
o= ot = 51 drLN
Block slip when f = mw?R N.dr = N dr cos 90° = 0
uN=ma?R W =0
(0.05) (2.5) = (1) (5t)2(0.5) (©) W=fr
t=0.1 sec. =frcos180°=—f
=—umg(vt) =—umg vt
12.  Ma? x1=2mg hmg(vl) =~ mg
13. Do your self (d) work done by F = Fy =F,
= (umg) (vt) = p mgvt
539 530 .
14.
5m
2T cos 53°=20 90°
T= %N 16. mg r
mg mg i
55 () (ii)
%j m =10 kg
w = zero.
/ ()w=(-5)x10g=—-500J
- (i) w=1500J
(‘;0] +(10)? o5 . o .
Acceleration= 122 ==~ 17. W =Fr = (-2i +15j+6k).(10j)
2 =150J
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Work done by Gravitational force in round trip.

(a)
M =—mgh+mgh=0
@ 20 '— — (o)  w,=mgh+umgcose.r
> 107 — |
g 0 i |_ i R =O.3x10x5+0.15x0.3x§x10x10
18. & 1 2 3 4 56
L—-10T Xcm) =15+3.82=18.82
204+
(C) anet = Wf1 +Wf2
W=10x(2-1)+20(3—-2) +(—20) (4—-3) + 10 x (5—-4) =—2x umgcos 6.r
=20 dyne cm = 20 ergs A
kgm? 1 =—2x0.15x0.3x10x—3x10
= 20X~ X———— =02 x 105 2
sec 10° x10 ——764J
(d) K.E. of a body
19. Work done by the resistive force =mgh - mgcos 6
1, =15-3.8
=_mgh+5mv =11.2J
i [10x10° —l><50><50] F
= (1000 2 22, (a) v,= —xt
=-8.75J
. F
(b) V' =v, =—t
F m
2. G [T e Lm0
(c) Ak =—m(F/mxt)* ——m(0)
F=7Ni
1 ? .
and f =2N(-i) (d) Ak'—Em(vc +—tj -—mv;
7-2
.-152.2 T
€ °5\m
1., 15 s .
= —at =—.—. 10 = i
S=3 55 (10 = 125 gy 2 F)e
_ . M ==% "2 m
(a) F.f =(7i)(1251) = 875J
(g) w=Fx$S
(b)fr=—2x125=—250J “FxS
(c) (F~ ):: 5kx 125=625 (h) K.E. is more for the ground frame.
(d)AK =k -k (i) K.E. of a body is different in different different frame.
= work done by net force and
=625J work-energy theorem hold for the moving observer.
5m
21. l
A\ 23.
u = 0.1 5
g=9.8m/s?
sin 6 1 6=30°
=5 =
pgcosb<gsingd
Block will move on the horizontal plane.
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24.

P
(

P(/, +€2)=Ek€§—%k€f

1
P(¢, +1¢,) =Ek(€2 +0)(0,—1,)

9t mv
vdv=£dt
m

2
v _P,

2 m

2P
=\t
— At

1
P=k(ta=1) 1/ At
P= lP(€2/€1—1) / op 372
2 X =
'3/2
l
=3 1F , 3
L, t 3
Ratio _2m’” 2 =%
25. P=3t-2t+1 w/g.ts/2
) m
dW = j(3t2 —2t+1)dt 29. A=102m?
> Mass coming in one second
Avp=m
W.D. = [8),* - [£3,* + [t],* AVP= 02 me
=(64-8)—(16—-4) +2 102V = 0.2 m?
=46 J = change in K.E. V20 ms.
Energy required in one second
Total work done
26. = 1 5
av total time =mgh + Emv
100x1x6x9.8
=772 40w 1 2
2x60 =0.2 x 1000 x 10 x 20 + > x 0.2 x 1000 (20)
27.  Pxt=w = 80 kw
10 x 108 x £ =200 x 10 x 40 30. P_Fv
t=8sec P = mav
. PP
28. a=— " 8T my
m
5 b vav _ P
P=FV =V=—=— dx mv
F ma
U g
P v -_P. 6-3 P
= ~ = X = - —
a _y, = U|3 m =3 _m><252
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31.

32.

. 2,2 N 2.2
io_E)xy +j8xy
0z 0z

m_y4
p
yav_p
d m
P 82-32 t
uv® /2] =—t =—
Y T T
t = 54 sec

F = x2y2%i +x2y%j(N)
act on a particle which moves in the xy plane.
If F is conservative.

§Em=o
otherwise §F.dr #0

w = Ixzyzdx + szyzdy

o EleJXW

[
9 9

& | dx ay
X2y2 X2y2

0z oy

2(xy? — 2yx2)k
Force is conservative if and only if x = y.

a

(b) Waoe = J.O.dy +J.a2x2dx -2
0

4 3
a a a5
W agc =J.O.dx+.|.a2y2dy ==
5
0 0
a a 5
W, = [x4dx+ [y*dy _ 22  _
S
_9x
Fy: ay
(a) F(y) =+o

(b) F(y) = =3ay? + 2by
(c) Fy)=—PB U,cos By

. 2,2 2,2
_0]+{311;_§11;

|

33.

34.

35.

\J3g/ < 4/5g/
2 p— —

cose =Y 2gR _ 3gR -2gR :l
3gR 3gR 3

2

mgR(1+cos0) = %m(ng) —%mv

4 A1
R.—=—(3g/-V?
9R.2 2(9 Vo)
8
—gR =3g¢-V'
39 g
vl: gg

3
1e¢

umin_vcose_ 3

. [22R

X = g

v=x]3
4R

X uz = mg.2F{+lmv2
2 2

2
L mg.2R +lmm
2 2 4R

%uz =2gR +9_Rg

8R
u=2JaR
For x_,, vshould be min.

2.2R
X= ,/gR. ECH
a - ViV _20-0_20
% Total time 3 3

=2R
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[ EXERCISE - IV I TOUGH SUBJECTIVE PROBLEMS ]
Favg=maavg=‘| X ? = ?N

2

1
0.02 kg fuel has energy = Emv

=% X1 X(2O)2
=200J

200
1 kg fuel has energy = —— =10*J

x
ALAELLALLALAAEAALAR LRV

0.02 FITTTTTTTTTTTTTTITTTTITITTT
Energy content per unit mass of fuel
12m/ 5m/ N=15M
S 5 n; s Now force on the wedge due to wall
< m >
Given a=-Kx = = N sin 602 :15x£N
vdu 2
— =-Kx . Vvsing=v
dx T
.V
5 18 :._e
sin
= IvdV=—KIXdX = 119 =K(324)
12 0 vR
119 (2Rt —v2t?)'"?
324 .2 V2R?
=X - —— /R
Acceleration of particel at point A = <o x18 =1 TR T RV
cceleration of particel at poin 304 18
119
a =——
18
VI
e =10m/s? = /a® +a° Rt
2 K‘ '
10 = E +3N2 vt v'coso
10
2 V2
= ay=75m/s® = =75 a - YR
N (2Rt —vt?)
5)2 25
= R:—(7)5 :ﬁ = R=33m a _ﬂ__(ZRV—ZVZt)X 1
Yot (2Rvt —v2t?) " 2(2Rvt — v2t?)"2
my? __—(Rv=v)
2 N= +mgcos60° (1) ' (2Rvt —v2t?)¥2
1 Given
from E.C. mgcosGOQ:Emv2 U(x) =ax® —bx

Ve =5
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au
so F(x)=- ) =b-3ax?
dx

at maximum kinetic energy U = minimum

F=0

b-3ax? = X :\/1

3a
5 at point B

0.2k =50+ 25v? (1)

=

from E.C. = 15 :%K(O.Z)Z +%><5><v2

U,=15 U,=0

from (1) & (2) we get
k =500 N/n

6 (0

m,e’r, 10

| 10kg} m,®2r,

g

0.124 m 0.176 m

T =m, o,
(1)
T+f =m0,

(2)
from (1) &(2)  f =m, 0’y -m,n’,
f =10.(10)?(0.124) -5(10)% (0.176)

124 - 88

f=36N
(i) for slipping condition friction should be maximum

fnax = 50N

max

(ii)

m,o?x,

7

50 = 0.36 0’
o =29 _ —11.78rad/sec
0.36
-
[} maox,
XMy 5y
X, my 10
X1+ X5, =0.3
= X =01m x,=02m
5 R
Extension is string X = ER -2R= >

Now from energy conservation between point A & B.

0.4

0.5 0.3

Initial

MoTion—
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Vi
—> 0.3

e 0.4
0.5

v,
4

mg
from energy conservation
1
mgh=Em(v12+v§) (1)
1x10x0.1 =% [v12 +v§]

Now x2+y2=/

2Xxvy+2yv, =0

0.3V1 :0.4V2 = 3V1 = 4V2 (2)
from (1) & (2)
\Z =ﬂm/sec, Vs =&m/sec
5 5
Now  3a;=4a, .(3)

at equilibrium kx=mg x 2 x 10

_2x10

k =2000N/m

To just lift the 3kg block force on the 3 kg block is
upward direction kx=3g = x=3kg/k

n./
2kg I.O1m
= i.e.
O
-
-
3kg

10

(a)

(b)

from energy conservation

2
%k(.01+ x)? =%k(%) +2g(.01+x+3g/k)

— 100001+ x)2 = (-2 |1 0.2420x+8X190

21 2000 2000
fter solvi N -
arter soiving 401000

Xx=25c¢cm
L

—

VO

[177777777777

When xlength lies on the rough surface than mass on
the rough surface

m
m’ = —xX
L

m
= f=-umg =-hxg

As the block’s part enter the rough surface friction force
increases so f as a function of x is.

f:_umeg, a:_—L”xg

V.=V v,=0 a=_—Lqu
d h n

. vd_;‘z_%xg = v_[vdu=—Eg !xdx

V2=%g|—2 = v=qugl
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1 (b) dFTension = Kydy
T 2| a® 2mg a°
— k L ol - AV el
n=0.1[1kg] < FTension=I ydy =k{2} =k?= S <3
v =3m/s 0 0
* * FTension = mga
Maximum heat liberated then all kinetic energy is loss
in heat due to friction
1
Emv2 = work done by friction
1.2
= EV =8(0.1)(9)
2 _ —
ve=16 = V—4m/S Wtota|=AKE
Velocity with respect to belt = 7 m/s W ion + Wgravity =KF
v=0 u=7m/s a=pug mga +mga = 1/2 mv?
-~ v2_u2=2as 2mga=1/2mv?
=  $=49/2 V= 2/ag Ans.
Heat liberate = ugs =24.5J 1 1
R f . k 2 _ 2
When but velocity is 5 m/s then For maximum path > X —EmV
u=9m/s v=0 a=pug X = 2a
= s=81/2 13
= Heat=40.5J u
12
2mg r
(a) T=ky = T=——Xxacoseco
a
T =2mgcosec 6 )
Atequilibrium Particle leave the surface at top when
T cosB=mg U= \/@
a Now
T= |20
g
X
y =acoseco >
T —>
S N
N
N
\
\
2mgcotb=mg r \\
cotf=1/2 \
\
X \
By fig cot 6 = a
x_1 1
c 3 o T X= >
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2r 2
R=2up,|— 3 1gcos6 = rg+ 0
V9 2" 918
2r
R=2.rg |= =2/2r
g
Now when U =U /3
from energy conservation
1 U3 1 5
—m—=+mgR(1-cos6) =—mv (1)
2 9 2 put Ug =4rg = cose=%
2 . . .
force balance m%/ — mgcosé () Height from the ground at which it leaves the
. 19
from equation (1) & (2) hamisphere = rcos6 = ——r
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[

EXERCISE — V I

JEE QUESTIONS

]

1.

Force is conservative
so W.D. is path independent

a2

dw=—kj(ydx+xdy) = —kId(XY)

0
=—ka?® Ans.

T V

AV =
u
—>Uu
1 2 1 5
—mu® =—mv° +mg/
2 2
V2 = u2—2¢g/
1V |2 VV2 +U? =2(u? —gr)
D
£
[}
-
+
-
Lcos6 *
TatQ=0
2
in o=
mg sin L (i)
v2 = Uu2—2gh =u?-2gL (1 +sin 0) ...(ii)

1
QD= 2 (Range)

2 .
(Lcose_E _Vv°sin2(90-6) _ v”sin26
29 29
i)

RN S

U

V2

1 .
cosf—— | = sin20
= ( 8] 2gL

1) v?
— | C0SO—— |=—sinBCOsO
8) gL

2

Yy _ sin®
Now, Put gl

. [cose —%) = sin®6.cos @

= (1 —cos?0) cos 0

1
cosG—g:cose— co0s°0
o~ 6= or6-60°
€O’ = & or cos _2or =
0=60°

J3

vZ=gLsin60°= 739L

Now from eq.(2)
u?=v2+2gL (1+5sins)

V3 ﬁ}

—gL+2gL|{1+—
29 Q[ >

u= gL(2+

B

2

N=mal
f=uN=pmal
umoaol=mo’L
W = 1o
o=ot

>

mgcos o mgsino

mg
f=uN =umg cos a
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=  umgcosa=mgsina 2Mg
= cota=3 Maximum Extension = w
NF , o
v 11.  Ball will lose contact with inner sphere A
0 2
cos 0=
Tymo 3
cos™ [Ej
7 \T F= E - 0= 3
? Now, N starts acting towards the centre and make con-
AYE u tact with outer sphere.
N
2
mg ) cos™'[ =
at point B LR 3
2 N,=mg(3cos8-2);N,=0
Fomg-T=" A= M ) Ng
1 a2
~T=0 and for > COS 3
= F/—mg/=mv?
E.C. between A& B N,=0and Ny =mg(2-3cos6)
1 - 1 5 Na4
—mu® =—mv* +2mg/
2 2 g mg ;
/F€+3mg€ Ecose
SU= | ——— :
m :
u=58m/s L
= cos6=2/3 cosb=1
N
5mg
a
QAnet coso
8.
ar cosf = -1 cosf=2/3
9.  F(X=—kx+ax 12 Nahl
F=-—- % =—du y
X , Vo A
:—Ikxdx+jax2dx Vi e AV2
kx?  ax® ot
2 3 13.
P=m|v,-v,|
10. Mg/l{- =m[-v, sincotf+v2 coscot—vz)]]
Mg/k §
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14. F =kx
du_ —kx
dx
_ ke
2
15. l l
vz = mg/
5 W
(Decreases)

30°

%mv2 —mgh =umg/cos8

(Decreases)

16. (D)

%Smgf =%m%+mg(1—cose)
cos® = -7/8

Hence, 3n/4 <0< T

17. 8
a=9/3,T=48N,S=12at?=583m=>W =TS =8
(in joule)

18. D
T = mw?/
324 = 0.5 o’ (0.5)
o = 36 Radian/S

19. Applying energy conservation

Lixt s uNx = Ly
2 2

- %x2><(0.06)2 +0.1x1.8x0.06

2
=l><0.18>< ﬁ
2 10

orN=4

20.

21. A

= 2 Rsind = |2R sin ot
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