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CIRCULAR MOTION

EXERCISE -1

1.

d
o = rate of change of angle

D _1as they both complete 27 angle in same time.

®,
C
2
mg—N = mv
r
mv?
= N=mg-
Sincera<rg
= Na < Ng
a
Force is always perpendicular to displacement
work done =0
b
aresultant = as +at2ang.
2 2
_ P30 e VI8 s
500 5
a
f=mg
= pnN=mg
=  umre’>mg
= w2 9
ur
C
If the coin just slips at a distance of 4r from centre
=  pmg=mire’ .. (1)
If angular velocity is doubled
1mg = mR (2w)? .. (2)
From (1) and (2)
= R=r
d
T =mr wg’ .. (1)
2T = mr .. (2)
=  ©=+20,=v2x5rpm
C

Since force is always perpendicular to velocity particle moves in circle. It’s speed is constant

and velocity variable.
C




11 T-ian’s PACE Edu.Pvt.Ltd.I

mv?

umg — rmax
Ve = AR =+/0.3x10x 300

=30m/s=108 km/hr

10. ¢
2
I:net =rnarad. = m
r
11. b
T=mre”=0.2 x0.5x 4°=16N
12. ¢
Centripetal force is provided by friction
13. a
2
N, —mg= mv
r
2 2
N, :mg+m—v, Ng =mg - mv
rA rB
mv?
N. =mg+
14. a
Real forces are mg and T only
15. a
Bead starts slipping, when
uN = mLo?
umLo = mLo?
po = (0 + at)?
=  t= =
o
EXERCISE - 2
1. (a, ¢
Time to fall = 2h = ,/ZXS =1s
g 10
Distance covered iny direction =v x t
=3x1
=3m
Since there is no velocity along x-direction x is always 2m.
2. (a, b)

For no wear and tear friction is zero
2

= =tan15°

Rg

= v=,/Rgtan15° =28.1m/s

Circular Motion & WPE I Rg-C&WPE-11 |
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Vi = /M =38.1Im/s
1-ptan®

; .. V||dF (i.e. along the tangent)

(a, b, )

T =m€(02, V= é(l), Fvert = 0
(a, b,d)

®= % = constant, 0 = wt
Fy =-F sin 6 = —F sin ot

2

sin ot

V,; = —=vsinO = —v sin ot
x-coordinate = R cos ot

(b, d)
If u=0.1, frnax = 0.1 x 0.5 x 10 = 0.5N
Req. centripetal force = mre” = 0.5 x 1 x 0.5% = .125N

f= % N, Tension = zero

If uzi, f e =i><0.5><10=0.25 N
20 20

f= % N, Tension = zero

If pzi,f

1 05x10-0125N
40 40
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f =%N, Tension =0

EXERCISE - 3

1. (@)
V2
— = K?rt* (given)
r
(@)  Centripetal force = mK?rt?

(b) Tangential force = mz—\: =mKr

(c) Power of centripetal force =F, ;e - V=0
(d)  Power of tangential force =F,.V=F v
=m.K?r’t
2. (b)
Assuming no friction between m; and m,
di = R(D2 - l
ml
a = sz - l
m2
d; > do
s Friction on upper block acts towards left and on lower block towards right.
3. (@)
Let the required angular velocity be o
Then

T+ pmg = mRe? ... (1)
T =pmg + mRe? ... (2)
=  2pmg = (M - m)Re?

= o= /ﬂzﬁ?)rad/s
(ml_mz)R

4. (b)
T = pmyg + mRw?
=05x2x10+1x0.5x%x40=30N
5. (b)
V2
tan e — design :i;
gR 2

V2
f= m(gsine—ﬁcosej

—300/5m/s

o

(@)
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V2
f= m(Ecose—gsin ej

=500+/5m/s
()
0= tan-t 1

2
(c)

V2

mg sin 6 = mf .. (D)
%m(,/S’)gL)2 =%mv2 +mgL(1+sin 0) .. (2

f=sin"" (lj; Also Vv’ = lgL
3 3

(c)
2 2 Anc?
h = L(L+sing)+ 2 —vV oS0
_29

0L

27
(b)
%m(,/(’agL)2 =mgh,
= hmax :3_L

2

EXERCISE - 4
Here frictional force will provide the required tangential and

centripetal force for the circular motion of car.
Force of friction will act along the direction of net acceleration.

2 2
f=m /az +[V—j
R
2 2
Car will skid when m /az J{Vﬁj

, a'+t?
=myja’+—
1/4
(ug* -a*)R’
e
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e . _ Ry/u’g* —a’
Till this time distance traveled by car is D = %atz. Putting value of t we get D = Rypg -a .

2a
The insect will slide when mg sin a. becomes equal to fax = 1N
limiting friction. At every instant the insect is in K
equilibrium. o
So, N = mg cosa
uN =mg sin o mgcosa mgsin o
= LMQ COS o = Mg Sin o = p =tan oo = a = tan"'p =

tan (1/3)

Applying Newton’s law towards the centre of circle we get T
N = mo’R C
Let ® be the minimum angular speed for which man is not falling.
At this instant its weight will be balanced by limiting friction acting
upwards.

i.e, uAN=mg=0.15x 70 o x 3= 70 x 10

= o = 4.7 rad/sec.

Applying Newton’s law along vertical we get Q
COST COST
T +T =m . (1
5 3 g (1)
2mg
= T= R
J3+1 "
Applying Newton’s law along horizontal.
We get TcosZ +Tcos™ = ma’R = mo? @
3 6 2
2 _ 29
= O =—=
3
Particle P and Q will be at same angular position whenever 5zt = 2xnt + g+ 27n .
= t=%+2?n (n = integer) .. (1)

Similarly, particle P and R will be at same angular position.
Whenever 5nt = 3nt = © + 2zm (m = integer)
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All three particles will be at same angular position when (1) = (2)
= 1 +m==+—
2 6 3
= 2n=1+3m
Smallest integral value of m & n satisfying the above equationism=1,n =2,
Putting these values in (1) & (2) we gett = 1.5 sec.

So, they will meet for the first time at t = 1.5 sec.
2

According to question, a, =a, =—

R
dv V2 tdv  pdt
d R WV R
= _—1+i=i V(t) = Rv
v v, R R—tv,
27R T
= I dx:RVOI d — 27R = Vo (In(R—-1tv,),
0 0 R—1tv, Vo
= T=Ra_em
VO

Lets assume that the particles meet at time t. Distance traveled by
A = distance traveled + 7R by B

242 \/
= vt+l><72\/t =vt+ 7R B A
5nR
t:57tR \Y
6v

distance travelled 11n

Angle traced by A=

R 6
Angular velocity = vrat_1iv
5R
EXERCISE -5

(c, d)

2

F LV = P =0 = kinetic energy = constant; F is constant (given) = = constant

= R = constant.

(a)
Radius of curvature in (a) is minimum
(a)
. 1
mg sin o = 3 mg cos o = cot o = 3
(c)
a= atangential + a'normal and a'tangential IS dOWﬂW&rd.
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5.

Kx cos 30° + mg cos 30° = ma. As x:% and K=%, a, Zng;

N + Kx cos 60° = mg cos 60° = N:?’ng
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WORK POWER & ENERGY
EXERCISE - 1
1. D
X=X, “o5 x=5
W = J Fdx = I (7-2x+3x3)dx = (7x—x*+x%)| vy
X=X, x=0 x=0
=135
2. A
This is the statement of Work — Kinetic Energy Theorem
3. B
Since the force acting on the particle is perpendicular to the displacement everywhere, the work
done iz zero
4. B
Instantaneous power, P = F.V = (10i +10j+ 20k) . (5i + 3j+ 6k)
=140 W
5. D

Mass of the hanging part %; when the hanging part of the chain is paralled on the table, its

centre of mass is raised by %

The work done = rise in potential energy = = (%)g (%j = Ml_gl_

6. B
%mv2 =mgR = v=,29R

7. B
KIonger IIonger = Koriginal Ioriginal
= Klonger =&=§k
(2013) 2
8. C

WE = increase in potential energy = mgL (1 — cos 6)

9. D

work done by gravity 0

Mean power of gravity = -
time elapsed

10. B
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11.

12.

13.

14.

15.

16.

17.

18.

19.

Acceleration, a = —kx
= F = —Kx .. loss of KE : gain of potential energy o x°.

C

3
X=— = V=t
3

Now, W = AKE = %m(vf2 —V3) =16J
C
KEmax = Maximum loss of KE = Mgl (1 — cos 0)

A
Centre of mass of the rope is lifted by g and the back by h. Therefore,

W = Mgh + mg g=[M +%)gh

D

pxmg:mvd—v = qugdx = I mv dv
dx o 2o

= E oc X°

(@]

2
p=d_W=3i = W=4) = v=2m/s
dt 2

C

W, : W, : W3 = Ratio of corresponding displacements = 12: (22 - 1% : (3% =29

=1:3:5

C

dv_-12a 6h ( j”ﬁ a b b’
—=—0+—==0=x=|—| =U, = 5= =——
dx X X b (2a/b)” (la/b) 4a

2
Minimum energy required = 2—
a
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20.

21.

22,

23.

24,

25.

D
P
UMY Vmax = P = Vpax = ——
umg
C
w=M" 1633
1+p
C

The KE intercepted oc v

D

2
T—mg:mv7 :>T=m(g+%j=6mg

A

mg(h + x) = %kxz — 980x°—2x 9.8 (0.4+x)=0

=  50x*-x-04=0
= (10x-1) (5x+0.4) =0
= Xx=0.1m=10cm

D
~ ~ y=a ~ ~ ~
W =(kx J) . (ai) + [ K(yi+aj).dy j=ka®

y=0

EXERCISE - 2

1.

c,d

2

. . . .V
Since no work is done by the force speed is constant not velocity. @ =— along the centre of
r

circle.

b, c

W.d by all forces = AK.E.

= Wy + Wy = KEEf - KLEj

= mgh+0:%mv2—0

= v=4/2gh =v, =v,

where h is the initial height of both blocks from ground.

b, c

b, c

w.d=F.d

= (=i +2j+3K).3]
=61
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10.

11.

12.

w.d. = F.d
= (i +2j+3K). (3] +4k) = 18]

a,bc
W.d = Area enclosed by the F-x graph

a, d
ao Fer _10-0.2x2x10 _3m/ s
m 2

V(t=4s)=0+3x4=12m/s
s(t=4s)=%><3><42:24m

w.d by net force = AK.E
:Emvz =£><2><122
2 2

=144
w.d. by applied force = 10 x 24 =240 ]

w.d by friction= F.d =—4 x 24 =-96]
b, c
b,cd

a, b,d
w.d by all forces = AK.E.
= Fx—mgx=40J
= 20x =401
X=2m
W.0.gravity = —MgX = -2 x 10 x 2=—-40J
W.0.tension = FX =40 x 2=80J

a, d
Power = F.V=Fv=Fxat or Fx+/2ax
Since ‘a’ and ‘F’ are constants

Power varies linearly with time and parabolically with displacement

a,C

Hint: Direction of spring force and displacement are same in (a) & (¢)

b, c
Pog =F.V
=mg(—j).[ucos i + (usin6—gt) ]

=-mg (usin 6 —gt)

= P<0fort<uSIne

and P >0 for
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13. a, c,d

v(at x =0)=+/u?+2as
V0% +2x5x%x10

=10 m/s

X =X, +Ut+%ét2
:6i+4]+0+%(—3f+4])12
=451 +2]

14, c, d
w.d by all force = increase in spring energy

1 mg,, 1 mg2
= FXo + mgxo = —K(X, +—) " —=k| —
ot Mg = 2 kb 57 Z(kj

2F
= XOZ?

15. b, c,d
w.d. by F, =15><g><6=45m
w.d. by F, =30x6=1801J
w.d. by F =Iﬁcos(90—2j rdo

F, is conservative in nature as it is always directed towards P.

16. b,d
12
At highest point F, = ;
12
= 2mg+mg =
= V' =39/
Conserving energy velocity at lowest point
v =,/79/
17.  Db,d
w.d. = F.d = (6i—6]j). (-3i +4])
=-18-24=-42]

Had there be no initial velocity particle must have moved along straight line making an angle of
45° with x-axis.
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18. a,cd
P=F.v= + ive angle is acute
= —ive angle is obtuse
Area under graph = AK.E.

=20J

19. (a c) m(O)——w M

mvq = Mvp, where v1 and v are speeds of mass m and M, — | |
as seen from ground. The velocity of m relative to M is v12 )

v

=vi-(=v2)
1 1
Hence, or t=—= orvy+vp =1l
V, V,+V,
20. (a, b)
wF= _4J =2—'36‘ —Ez at equilibrium F=or, r _2A
darr°or B
2 2
At infinity U =0 r=%, U =—B—AU :B—.
B 4A 4A
21. (a,¢)

From conservation of linear momentum (1 + 2)v = (6 x 1) + (2 -3) v =4m/s (of both the blocks)
From work energy therom i.e., Wipta] = AKE on 1kg block, W, = %xlx (4° —6%)=-10J

on 2kg block W, = %x 2(4> —3?)=+7J. . Net work done by friction is —3J.

22. (b, d)
In region OA particle is acccelerated, in region AB particle has uniform velocity while in region
BD particle is deceleration., Therefore, work done is positive in region OA , zero in region AB and
negative in region BC.

23. (a,¢)
2
at B acceleration of block = VE = % =29
24.  (a,d)

EXERCISE - Il
1. (A-q) _
Work energy theorem — w.d. by all forces is equal to change in K.e.

(B-5s)
Negative of work done by conservative force is equal to change in potential energy
(C-n
W.dext. + Whon cons. = AK.E. = Weons.
= AK.E. + AU
=AT.M.E
2. (A-r)
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1 1

Emu2 =mgR +§mv§3

= VB:\/79—R
(B -0q)

L =mgx2R +%mvf:

Ve =+/50R

(C-p)

=
o
I

4 274
[lxdx = WD L a2 —221= +ive
) 2 |2

(B-p)
-2
w.d = I kx dx
-4

- -2

T oy e
74:§k[2 —4°]1=—ive
(C-1 -
k2 |
2]
(A-1),(B-p), (C-5),(D-0q)

S=%><2><(4)2 =16m

=0

2

w.d =ikx dx =
-2

W.dgravity =— Mg x 16 = -1 x 10 x 16 =160 J
W.Qnormal reaction = N €0S 6 x S = m(g+a) c0s?0 x S = 144]
W.0friction = F x S x SINO

= m(g+a) sin“0 x S =48

W.d.forces = AK.E.

:%m(at)2 :%xlx (2x4)* =32]

C
work done by both against gravity = mgh

b

Average Power =

mgh  50x10x15
30

=250W
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10.
11.

12.

13.

14.

Chemical energy expended by the physicist ends up increasing the potential energy.

b

As the physicist falls, gravitational potential gets converted into kinetic energy, increasing his
speed. After he hits the cushion, this kinetic energy gets converted into heat.

d

AKEE. =K E;-KE =K.Ef-0

=w.d. by mg

= mgh’

50><10><% — 25001

a
C

a
From conservation of energy at A and B, we have %mvi =%mv§3 + mgR(L+5sin6) .. (1)

At B the string becomes slack. Therefore
2

mgsin6=m|;/B .. (2

After passing through B, the ball goes in a projectile
= Vg sinOt =R cosO .. (3

and —vBcoset+%gt2 =R+Rsing ... (4)

Onsolving 1,2,3 &4
6 =30°

V= ‘/—79R and vy = ‘/ﬁ
2 2
c

A (¢ -X)v+ A hg dt — wvAdt
= A(¢ - (x +dx)] (v + dv), where A is mass per unit length
= hgdt=(/ - x) dv

X dX \%
= hg | —= d
gx.l.og_x V.IOV Y
2
= V—=hglni
2 =X
Vg = 29hlné

a
KE, =2 (/=) gh In——
f—X
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15.

16.
17.
18.

19.

20.
21.
22,

23.

24,

25.

. . 4
It is maximum, when €— =e

—X
KE_ —ahg’="9"
e e

b
Heat generated = A(¢ - h) gh— %.Xh .2gh Iné

=m—gh[z—h—hlnq
/ h

b
a
b

C

U(X) = 20 + (x — 3)?

At x =0,

TME=U+KE
=20+9+20=49]

At extreme positions, K.E =0

=  U=49]
= 20+ (x-3)%=49
= X—SIi@

= x=3++/29ie,-3.4and7.4m
K.E.max = T.M.E — Min. potential energy
=49-20(atx=3)

=291

Body is in equilibrium at min. potential energy
Le,atx=3

Wiy is path and rate independent

Total energy is conserved when there is no external and no internal non conservative force.

Work done for conservative forces are path independent

Wmg = mgh
FAT=F.(f,-T)

_2vsin©
9

t

is time of flight and vertical displacement is zero.
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EXERCISE - 4

1. We=Fh=80J; Wieignt =—(mg)h =-40J.

2. Tension, T=mg; accelerationa = m, =My
m, +m, m,+m,
w=T. Loz = MMa(Me =My) 2pc
2 (m, +m,)
_ 200,
9
x=2
3. W = j (2+x) dx =3.5]
x=1
F F
4, —+N=mg; ——==uN
J2 2"
F F F u
—=u|mg-—=| > —==——-mg=3.6
2 “( ’ ﬁj N
F
a W, =—=S5=7.2]
(a) =2

(b) Wriction = —Wg = =7.2J
() Wgravity =0

5. W = Area under the curve =10 x 2 + %xelO

=30J
6. WE = increase in potential energy = mg /(1—cos0)
7. dW = mg(u cos6 + sin 6) ds = mg (ud/ +dh)
W = mg(u/ +h)

8. W = AKE = —%(2) 20 = —400]

9. W = AKE =% ma*v

10. a)  (2m)gxm= %k X2 = X =4%

B SEmy +%K(X7mj ~(2m)g [%m}

/m
V=29,]—
- . 3k
9

X
C 2mg-k—"™=(3Bm)a = a=
) g-k=, (3m) 3

11. K(—ZmAgj=mg = mA:m

K 2
12. Let x be the extension of the spring and 6 the angle that the spring makes with the vertical at
break off.
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13.

14.
15.

16.

17.

18.

0.4
0.4+ X

= x =0.1m; The ... of B = the slide of A =./(0.5)>—(0.4)*> =0.3 metres = h (say)

K x cos 6 =mg = 40x =3.2

1 1

=(2m)v? + =Kx>*=mgh

2( ) > g
= v—154m/s

2
Wy [Fekfe

t
= l:i+£[:>v:v0 R ;S:Ivdt:BIn(HM—Votj
v v, R R+ pv,t 5 1) R

Fb(ls"”e):2><%mv2 — V= /—Fb(l—sme) ,F__ =2mg
m

Conserving mechanical energy:

2
2x10x1=0.5x%x10x (\/5—1)+%>< 2xv2+%x0.5(ﬂj

J5

=3.39 m/s

(4,6) R R R R R
5= j (3x21 +2yj) . (dxi + dy j+dzk)

(2.3)

=
W =|F

P — N
<

6
(4,6) 4

= j (Bx*dx +2ydy) =x°| +y

(2.3) 2

2

) W= [ yi+xy]). (dxi+dy])

0 (alongOC)

‘ 2
.([ (+j) 2dx i —IZx dx—g

A C
(i) W= j xy (i +j).dx i + j xy (i +j).dy j
0 (along OA) A (along AC)

s 1
=0+ dy==1J
[y y=3
y=0
k=1 l
(i) W=0+[xdx ==
k=0 2

€)] jdmg h =mgh
<'m 1
(b) I [g_ dxj gXx = > mg/

x=0
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19.

20.

21.

22.

23.

24,

25.

0=(/R

(©) I (% Rdej g (R cos0) =

0=0

2
mgR sinﬁ
R

@ ucoso=v
2
(b) mx10x5=£mv2+£m(LJ
2 2 1038

40
= V=——m/s

Jai
2
mg(gd)+E k(EJ e
4 2 \ 4 2

= V:d,/")’—(‘:]+L
2d 16m

mg h,y, =mg 2+ m (/gr)’

= h_ =%; mg(5r) —mg 2r = %mv2

min

2

Now, F mv._ 6mg
r

resultant —

2

mg (1 —cos 6) = mv - ()

%mg€+mg€(1—cose) =gmv2 .. (2
From (1) and (2)

v:\/(‘:]z;ezcos13
3 3

%mvg =mg/(1-cos60°)

= VO:\/g_K:\/9.8><5:7m/s
%m(,/SgR)2 —mgR(L+cosa.) =% mv? .. (1)
2Rsino. _ 2vsina
vCcosa g
From (1) and (2)
oa=0o0ra=60°

. @)

Also, tyg, =

%mv2 -mg.2R =%mv2 , where v is velocity at the highest point.

= v =4/u’-4gR

Now, v tHight = 3R

= Ju?—4gR /% =3R
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26.

27.

28.

29.

30.

31.

32.

= u =g‘/gR ;
4R
min = Ymin tflight = \/g_h ? =2R

x=nR

[ () g[rsin§+ x} + % (1) V2

x=0

3+
= v=_[20r —+—
T 2

1 1
mgR| =+1-cos0 |==mv? ... (1
(domo) L .

X

\/2
mgcosesz .. (2

= (9=cos’IE
6
n+1 1 n+1)’
g i3 -1-Mg|vn -1- -1{>0
n+

JIl:> 2 Jj__EE -1
M n

(FRY2 — mgR) —% V2

/ZR ——g
x=2L

Emv0 j (Gx)(mg) dx + L

,/4ag+—

+

=

+
w

Stretchx =0.4 (sec 30°-1)=0.4 (%—1}; kx sin 30° = p (mg — kx cos 30°)

kx = pnmg

= -
sin30° +pcos30°

Now, W = AU = %kxz =0.09J

a) mg (1 - cos 0) = %mv2 .. (1)

2

F+mgcos6=

From (1) and (2)
F=mg (2 -3 cos 0)

. @)
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N =Mg-2F cos 6,=Mg-2mg (2 -3 cos 0) cos 6
which is minimum when 0 = cos™ %

) N=o= M3
M 2

EXERCISE - V

1. (b)
The centripetal acceleration
2

v
a, =krt* or — =k’rt?
r

v = krt

. . \
So, tangential acceleration, a, = ((jj_t =kr

Work is done by tangential force.
Power =F;. v. cos Q°
= (may) (krt)
= (mkr) (krt)
= mk® rt
2. (b)
The force constant of a spring is inversely proportional to the length of the spring.
Let the original length of spring be L and spring constant is K (given)

Therefore,
KxL:Z—LxK' :K'ZEK

3 2

3. (d)
dU(x):—FdX
sz—IFdx
0
_k_axt
2 4

U=0atx=0andat x= /&;:We have potential energy zero twice (out of which one is at
a

origin).
Also, when we put x = 0 in the function,
We get F= 0. But F:—d—U
dx
= At x=0; (;—Uzo i.e. the slope of the graph should be zero. These characteristics are
X
represents by (d).
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(b)

Let the maximum extension of the spring be x as shown in the figure. Work is

done by the gravitational and the spring force. There is no change in the kinetic I,{
energy between the initial and final position of the mass. )
From Work-energy theorem;

Wy +W;=0

Where Wy = work done by gravity
And W, = work done by spring
= +Mgx —%kx2 =0

2Mg
k

= X=

(b)

In a conservative field work done does not depend on the path. The gravitational field is a
conservative field.

W1 = Wz = W3

(b)
We know that

AU = —I Fdx or AU = —.kaxdx
0 0

kx?
= Uy =Yg ="7
Given U(o) =0
kx?
Y=
(d)
v =/5gL . ()

GJ —vi-2gh  ..(2)

h=L(1-cos0) .. (3
Solving Egs. (1), (2) and (3), we get

cos0 = 7 or 9=cos™ (—Zj =151°
8 8
(c)

When the block B is displaced towards wall 1, only spring S; is compressed and S, is in its
natural state. This happens because the other end of S, is not attached to the wall but is free.

Therefore the energy stored in the system :%klxz. When the block is released, it will come

back to the equilibrium position, gain momentum, overshoot to equilibrium position and move
towards wall 2. As this happens, the spring S; comes to its natural length and S, gets
compressed. As there are no frictional forces involved, the P.E. stored in the spring Si gets stored
as the P.E. of spring S; when the block B reaches its extreme position after compressing S; by y.
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%klx2 :%kzy2
“xkx? = ;4ky2
X* = 4y

y_1

X 2

(b)
The forces acting on the bead as seen by the observer in the accelerated frame are: (a) N; (b)
mg; (c) ma (Pseudo force).

Let 6 is the angle which the tangent at P makes with the X-
axis. As the bead is in equilibrium with respect to the wire,

therefore
Nsin6=maand N cos 6 =mg
a :
tan0 =— (1
; (i)

But y = kx?. Therefore,
j—y:ka:tane (i)

From (i) & (ii) X
2kx =2 = X= a
g 2kg
10. Let M strikes with speed v. Then, velocity of m 1m

. ) 2
at this instant will be v cos 6 or —5v. Further

5 M
" 1
M will fall a distance of 1 m while m will rise e "‘@1 1
. ¥ gt
up by (v5-1)m. From energy conservation: 1m Lvcos® A

. . i . ST Em =l
decrease in potential energy of M = increase in v |t O s " e
potential energy of m + increase in Kkinetic ’,,“3’ IUE'“""
energy of both the blocks. '

or (2) (9.8) (1) = (0.5) (9.8) (£—1)+%><2><v2 + %XO.SX(Z—VJ

Solving this equation, we get v = 3.29 m/s
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11.

12.

Let the string slacks at point Q as shown in figure. From P to Q

path is circular and beyond Q path is parabolic. At point C,

velocity of particle becomes horizontal, therefore, QD = half the

range of the projectile.

Now, we have following equations

mv?

1) Tq = 0. Therefore, mg sin 0 = . (1)
(2) V¥=u?-2gh=u®-2gL (1 +sin0) ... (ii)
(@ QD= (Range)
2 i o 2 i
. (Lcose—kav sin2(90° —6) _ v*sin20 i)
29 29

Eq. (iii) canbe written as

2
(cose—lj | sincos 0
8 gL

2

Substituting value of (;]/_Lj =sin® from eq. (i), we get
1 P2 2
(cose—gj:sm 0—-06=(1—cos“0)cosO
1 3
or C0SO——=Cc0s0—cos’ 0

00336=% or cosezg or 6=60°

From Eq. (i) v* = gL sin 6 = gL sin 60°

3

or vi=""gL
5 ¢
Substituting this value of v2 in Eq. (ii)
u?=v? + 2gL (1 + sin 0)
=§9L + 29L[1+§J

=¥9L+29L

=gL[2+£J
2

u= gL(2+¥J

3
_I———mm:

~
e —————

L+Lsing

The ball is moving in a circular motion. The necessary centripetal force is provided by

(mg cosb — N). Therefore,
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mg sin6-N, =

(R+gj

According to energy conservation

%mv2 = mg(R +%j(l—cose)...(ii)

From (i) and (ii)

Na=mg (3 cos 6 —2) ...(in)

The above equation shows that as 6 increases Na decreases. At a particular value of 0, Na will
become zero and the ball will lose contact with sphere A. This condition can be found by putting
Na =0 ineq. (iii)

0 =mg(3cos 6 —2)

0 =cos™ (gj
3

The graph between Na and cos6
From equation (iii) when 6 = 0, Na = mg.

When .. 0=cos™ (éj

2mg]
+ Smg

2mg

:1 i E b . - - - lI 'E
. . . cos0
The graph is a straight line as shown

when 6 > cos™ (gj
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13.

Ng —(mgcosf)=

= Nz +mgcoso =

T.5=Ts=4—x

mv?

R+g
2

2

mv i
N . (iv)
)
2

Using energy conservation

v = mg (R +gj—(R +gjcose
2 2 2

mv?

@

From (iv) and (v), we get
Ng + mg cos6 = 2mg — 2mg cosO
Ng = mg(2 — 3 cos0)

When cosezé, N; =0

=2mg[l-cosB]  ..(v)

When cos6 =-1, Ng =5 mg

Given m = 0.36 kg, M =0.72 kg.
The figure shows the forces on m and M. When the system is released, let the acceleration be a.
Then

T -mg =ma

Mg-T =Ma

M -
a:—( m)g:g/S
M+ m

and T = 4mg/3
For block m:
u=0a=9/3,t=1,s=?

g

s:ut+lat2 :0+£><—><11 =g/6
2 2 3

. Work done by the string on m is

mg g: 4x0.36x10x10 _8]

3 6 3x6

-
aT M 17
, M l,a
v 1




