PHYSICS - Circular Motion & Work, Power and Energy

JEE-MAIN

TOPIC

W.P & E.

SOLUTIONS

CIRCULAR MOTION,
C.M. WORK, POWER & ENERGY
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(A) CIRCULAR MOTION
©

o =0; o, = 80 rad/sec
t =5 sec

80
o=on+at = o= 5 = 16 rad/

sec?

1 .
0= Eoct = 200 rad

©)
Given, o, =0, t = 2 sec.
0=0,next2sec., 0=0,

0= —at?==a2? =2a
2

E 20
)

Given

a=10m/sec? — a=5rad/sec?
a=ar
10
5

»
Given o, = 0, ® = 2N = 21 %
from t=5
o=o,+at
210

r =2m

210 rad
60 sec

21 x

=0+ax5b =

rad

sec2

a=1.4~x

(®)

6cm
90°
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Exercise-l
speed of the second hand
v 27r
time in one revolution

276
V=—-=2nmm/s
= 60

Magnitude of difference of vel.= v, —(-v;)

=V, +v ;v= V4] =48 = 2o

©
R PR
0 0,= T2 : Tl
T, =12 x 60 % 60 sec.
T, = 60 sec.
o, - 0,= 60 : (12 % 60 x 60)
o, - 0,=1:720
A
27
O0=—
t

where t=1Day=24x 60x 60 second

because earth complete one
revolution is 24 hours about its own axis

W= —Zn rad/s
60 x60x 24

®

.......
L .~

~
S

.

Givenl=1m

u=4m/s

Tension provides necessary
centripeters force so

www.aviralstore.com




PHYSICS - Circular Motion & Work, Power and Energy

10.

11.

12.

13.

14.
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zl_mv2 _O.5><42 B

T=mol=——=——=8N
| 1

©

0, ct? 0, c t

0, =k, t? 0, = k.t

From given conditon calculate k, and k,

2n=k, xn n=Kk, x 4n
k,=2 k,=1/4
0, = 2t 0, =t/4
do, do, 1
= =4t = ==
Wa=at We™ "ot "

_deA =20 d& =1
dt t=5sec dt t=5sec 4

o, :0,=80:1
()
We know that

v<4urg

v<4/0.64x20x9.8
v<lli.2m/s
®)
2 2 5
ac=0>2R=4nz p_4x3.14 x6400>;lO
T (24 x60x 60)
2 2 5
0)2R=471:2 p_4x3.14 x6400>;lO
T (24 x60 % 60)
=3.4cm/sec?
B)

We know the Tension provides necessary
centripetal force
So T=mo*

Givenm =0.1, o=2n XE
(=1 = _T=me "
T=0.1x (ZRXEJ x1
Y
= 0.1 x 4n° x 1020X1=40N
Y

A)
In I case pmg = me’R
....... &5
In I case pmg = mQw)?R’
....... 2
From (1) & (2) me’R = m4e’R’

R = R

4

Given R =40 cm, R’=10cm
©
Givenr=25cm, n=2
o=2nx2rad/s = a, = or

= (4m)? x 0.25 = 1672 x 0.25 = 472

15.

16.

17.

18.

19.

20.
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»

Slope should be decreasing

o= @ _ tano, if 0, ad

dt
©)
Given
20
R = 7m ; v = 80 m/sec
VvZ=u?-2as
u=0 ; s = 2(2nR)

20
(80)* = 2a,(4n. 7) = a, =40 m/s?

(MAG)A
(i) Atany moment a, = a,

a=——
! R

dv  v? dv 1
V—=—-— _ —=-=ds
ds R % R S
After integration log v = _E+C ...(D)

att=0,s=0,v=y,
C=logyv,

v S
from eq. (1) !9 v IR
0

vV =V e—S/R
0
(ii) Atany moment a = a,

V2.
= = 2.—
a=+2a, R

©
Given
o=02+ 20
do do
90 _20+2 9O _2042=4
do = de|_,
d

= % = (07 +20).(20+ 2) = 12 rad/sec?

©

The magnitude of acceleration is constant
in (A) and decreasing in (B)
In (A) — r constant, a, = O;
2
v constant , a_ = R constant
In (B) - risincreasing , V constant
v? _
a=0;a= Y decreasing
©
ml Rl
. 1 _ l, 1 _ =
Given m, R, 2
If centripetal force is same
myVv:  m,vi v, R, _ 1
R, R, — v, \R, 2
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21.

22.

23.

24.

25.

26.

27.

28.
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(®)

constant speed and variable velocity

©

Car will not slip when moving with speed v

©

mg <

2

<_t—> mo’R
f

0.5 mg 2 mx(5)?x<R

>R
25
R< 0.2m
©
Given
R=10m
TN
mg mo’R
m = 500 kg
N =mo’R +mg
2
=™ mg = 900400 , 544,19
=25kN
©

= JRgtan6

R=10,3 m, 6=30°
1
10¢3 x10x— — —
3 10 m/sec =36 km/hr

© _ _
In uniform circular motion
Force is towards centre

®

.=
s

e

N,
“““““

Given

29.

30.

31.

32.

33.

34.

35.

36.

37.
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27 P
P=—=Sowolt= —
[0 27
) 8rn*Md
T=2M 0*d = p?
©

Energy conservation
mgR = — mv?
;=3

2gR

QY]

Givenm=2kg,R=2m

net displacement =4 m

work done =f x 4 =20 x 4 =80 joule

®
Speed will be maximum at the lowest point
of the path.

A
The maximum bearable Tension

mv2

T..,=10N, m=1,v=2, I=1

1 1
\/7 ,/ OOX =10 m/s

©
At highest point velocity is zero.
After word it fall freely.

B
®) T ' T cose
T sin® 9
T sin@ = mw?l
T cos 6 = mg
mg
®)
()
o 2m
S 0= T

T is same for both cases car's
soratiom, to, =1:1
D)

To balance the torque of the centripetal
force he bend inwards.
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38.

39.

40.

41.

42.

43.

44.

45.
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©)
Given that
v=72km/h.,,r=80m
We know that

2
tane=V—=20X20=l
rg 80x10 2

0=tant (Ej
2

©)
We know that

V2 =rgtan® (0 is same)
= v? =rg

Case 1

r,=20m,v, =v
r,=r,v,=1.1v

2
V3 _ng (L)
Vi ng Ve n
r
1.21—% =r=24.2m
©)

v=72km=20m/s, r =20m, g = 10 m/s?
To avoid skiding 6 must be greater than

V2 20 x 20
0=tan?| ;| =tan-1| s~ -~

rg 20x 10
0 = tan™ (4)
(B)
F1ldr
S W.D.=0

Force and displacement are perpendicular
to each other.

©)

Given F=5N,d=10m,

we know w = Fd cos 0
25=5x10cos 0
0 = 60°

®)

m=5kg,F=20N,K.E.=40]

change is K.E. = Fd cos 6
40 = 20 x 4 cos 6

6 = 60°
®
5 3
0
A

w = mgh, cos 6 = 4/5
=10 x 9.8 x 3 =294 joule
©

46.

47.

48.

49.

50.
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0-

Let § =dx7 +dyj,F=3x] +4]

w= [ (3T +4]). (dxT + dyi)

3 0 3m
— F3de+ j 4dy — {%1 +[4yj§m
2m

2m 2m

3x9 3x22
{2 - 1{0_12]:—4.5\]

(®)
2K.E, =K.E

n "~ "boy

1 1M
2 XEM X Vﬁ’]an = E.Evﬁoy

_ Vboy .
Vi = ..(D)

2
1 1M
= EM(Vman +1)2 =E.EV§Oy

2

\%
= (Vyan +17 =%

man

Vian = (V2 +1)m/sec

Q)

From F.B.D.
T—-—mg=ma
T=m (g+a)

.. 1
wW=FES, S=50t

o —>

1
=m(g+a) 5 at’ |

_m(+ t2
= (g+a)a

®

f=pN (Tangentially)

= W=—-2nrrp N

—ve sign indicate that f & ds is opposite

QY

VO
V, = at, =>a= K
v

v = K t =>w=Ak=k -k

i ﬁ t?
~ 2 2
®
Maximum velocity will be at Mean Position
Where F , = 0= mg = Kx
1x10=2 %100 x x = X =25

cm
~h=20-5=15cm
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51.

52.

53.

54.

55.

56.

57.

58.

59.

60.
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QY

1
w = Ek (X,2—x.?)

1
=3 10 (62—4%?) =100 Ncm

=1 joule
®)
D)
1 2
SK(0.3) =10
20 2000
= 009 9
1 2000

work done = E-T[(OAS)2 -(0.3)%]
=125

©
QY

u=x2-3x, x=0, x=2
(ui)x:O = O: (uf)x:2 = 4_ 6 == —2
Ak=—Au=2joule

(®)

(W D)by friction
k=0-k

+ (W.D) = Ak = k, —

by spring

1
_O'ZSX1X1OX4_EXZ'75X42

:—EX]_X V2
2
v=8m/s
©
%a
[0\
@ @

P=FV=R+ma)V

©
Given m = 12000 kg, v=4 m/sec &t =40
sec

vz 1.12000x42
e t 40
= 2400 W = 2.4 kw

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

Q)
Area under force vs displacement gives
work and area above x-axis taken as posi-

61.

62.

63.

64.

65.
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0-

tive while area below x-axis taken as nega-
tive.
W, =10 x1+20x 1-20 x1+10%x1=20

erg.

»
P=Fv
Given
1 5
tan 6 = m;v=30km/hr=30x 18 m/s

P=mgsin06.v [6 is very small]

1 5
—30,000><10><m ><3O><E—25kw

©

P=FV

P = (10i +10] +10Kk).(5i — 3] + 6k)

P = (50— 30+ 120) = P = 140 J/sec
»

For stable equilibrium

U
o r
Minima
2
du d-u
Seosnme [5] 0

For stable equilibrium P.E. must be
Minimum at the equilibrium position

A
2x?—-3x—-—2=0

1
x=3i"/9+16 =3J_rS Lox=_21
4 4 2
dF du du
_— = =4x-3 — =3-4X
dx dx? e
d’u 1
—_— =3+4x=
3[dx2jx—; 2
= (5) = 0 (stable)
®)
For light rod
vmp=0

Using energy conservation

1
> mv?+ 0 =0+ mg/

v = .29/
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(B,D)

(B) There are other forces on the particle
(D) The resultant of the other forces var-
ies in magnitude as well as in direction.

(B,C,D,E)
E
X
Gk xc
\-*-~ ';F'
H e B
A

=N=0 = AtGandC

N=mg
(B.C)

2
T -mgcos0=

Tangential Acceleration = g sin 6

QY

— Vl
0=
o vsin® N (Dzvsinze
3/sin6 3

v =0.6m/s (Given 6=45° ® = 0.1 rad/s)

(®)

em/s

10m
P\ 30°

8m/s
w.r.t to P
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4B

>

0-

Exercise-ll

3m/sec

4m/sl

V. =8sin30°+6sin30° =7 m/s

\'

o=— 7 0.7rad/ sec
10

R
©

D¢

Q

w’

Lasinot

P

'
B

PQ = \/(a—aCOS(a)t)z +(asinot)?

= 2asin(ﬂJ
2

®)
Given y = a\/g
vdv a a’
=—— =a\Js.—=—
' ds Vs 24Js 2
2 2
g -V _2S 2
R R
. 2S
tana = —=—
a, R
((®))
r
—=Rcos0
2
r=2Rcos 0
After differentiable
dr . doe dr .
— =-2Rsiho— —=V_,=VSsino
dt = dt rad
do .
Pl (— ve because 0 decreasing)

v sin 0 = 2R sin 0w
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PHYSICS - Circular Motion & Work, Power and Energy

10.

11.

12.

13.
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v=2Rn=0.4m/s

a=,a’+a’

. ® = constant

= azarz% =a=0
2
=a =— =32m/s?
©
a, =3t
V2/R
JdeI\/gtdt
30°

2

v=\/§t
2 a

oo~ VSR 1 4t
J3 3t

J3t? JZ

2
> tt=4t=> tt=(2)2
= t = 2?3 sec

((®)]
Given
ISR
M;: =T T
R mv2/R
e m =16 k
R=144m 9
T, = 16N
RT /16><144
_ |®r Vv = [——  =12m/s
max m = max 16
((®))
T3 T, LEt
(@) A B C
¢ 4 4
T,=me’R =mw? (3) ..(D
T,=T,+ me? (2l) ...(2)
T,=T,+ mo?(l) ...(3)
T,:T7,:7T,=3:5:6
()
V=ron
If r—> r/2
v 20
Vv = Py = > = 10 cm/sec
Turn table rotating uniformly a, =0
v?2 v'2 20
a=—; a' = = — =10 cm/s?
"' R’ " R/2 2
a)
Given k = as?
V2 =232
m

14.

15.

16.
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O-

. L vdv  2as
After differentiatingw.rts —=——=q,
ds m
v?  2as?
al’ = —=
R mR

Total force = ,/(ma,)” +(ma,)’

2 2
Total force = \/mz(ﬁszj +(m@j
mR m

2.4 2
= 4ast +2a’s? — =2as %+1
1/2
SZ
G))
kx =meo?r

kx = mae? (I + X)

kx
l <— 2
mor
| X

r=1+x
B mw>¢
k —mo?

©

2T sind—ze =RdOL0’R
If dO is small

in @ - @
S5 =7

ZT? =RdOL®°R
T = M0’°R?
o)
(0]
\D dx
< =7
T+dT

m
(T+HdT) -T = 7W2X dx
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17.

18.

19.

20.

21.
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dT = %.mzxdx

Integrate with limit x to ¢

I
szmmzxdx
4 /

mo? [ x2 | 1m
T= = ___(’)[g ~X2]
14 2 | 2
@)
Tcos6
/
Tsino mo?/sind
mg

14
T for simple pendulum = 2“\/;

For conical pendulum
Tsind=mow?lsin®
=T=me?l

and T cos 6 = mg

mg
= T=
coso
= 0)2| 0= g
Now, cos6 = lcos0
o /cos0
T=2 Z2n
conlcal Pendulum ZN\/EX \/:
Ts.mplePendulum
Ratio = \/E
(A,C,D)
AFLV

(C) Object is at Rest But point of applica-
tion of the force moves on the object.
(D) The object moves in such a way that
point of application of the force remains
fixed.

(A, B)

(A) The spring initially compressed and fi-
nally in its N.L.

(B) Initially stretched and then in its N.L.

(A,B,0O)
W.D. by force of friction
can be zero, positive & Negative

(B,D)
Total work done on a Particle positive when
momentum increases & K.E increases

22.

23.

24.

25.

26.

27.

www.aviral.co.in

0-

Q)

Total energy = E = K.E + P.E.
When speed of the particle is zero.
i,e,K.E=0

=UX)=E

Q)

Angle of Inclination
()

Only Conservative force (mg) is act.
So E.C. is done only two points
(1 and 2)

(B,C,D)

m
M.P. Xlz Tg

But block further move downward due to
inertia. So descending through distance
_2mg
==

X
at M.P. at Py =>F.=0;

A kx
Ta
m

v Mg

soa=0
at lower most point

2mg
k|l —=2 | — =ma —
( K j ng=ma — g=g

(B,D)
Particle takes speed tangentially and act
as a 'Projectile’ (curved path)

(A,B,0O)

Given U = 3x + 4y

Initially particle at rest at (6,4)
SoK.E=0

E =PE=3x6+4x4=34]

total

www.aviralstore.com
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28.

29.
30.
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U s "
F="%y "oy) = -3i-4]

(=3) (6,9
| "

a=-3i—-4] = |al=5m/s?
Let us assume particle crosses y axis after
timet
1 2
X—6=——x3xt
2

atyaxis=> x=0

= t =2 sec

So y_4:—%><4><(2)2=—8

=—4m
(PE)aty=—4andx=0
isU,_ , _,=—161
So. KE.=TE.—U

%MVZ =34 —(~16) =50

VZ=100= V=10 m/s
(B,D)

M C
A

H=2R

B
E.C between point A and B

1
Mg (2R) = EMV2

V =.,/4gR < ,/5¢gR
V =,/4gR > /2gR

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

(A, B,D)
©

To complete vertical circle
speed at point B > ,/5gR
So. E.C.

2 SMV2IR

Mg

31.

32.

33.

34.
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1
MgH = EM(SQR)

H—i—ZSR
= =2

2
N:MV +Mgcos6
N, . ato=0°

N is zero only
0 > n/2 because in this

1"

Tsp

M 1rr12/3m

ZmI M 1m:[ M

Apply work energy theorem
W+ W _ =AK=K -K (K=0)

Case | : F(2) —mg < 2 = K.E.
Case ll : 2F(1) —-mg x 1 =K.E.

2 2
Case lll : 3F(§j —mg X (gj = K.E.

In case Il K.E. is maximum.

©
In case of first spring F = k X,
L
X, = K, ...(D)
In case of second spring F=K)X,
F
X, = K, ...(2)

LK =K, =X, > X,
= More work is done by this force in case
of second spring.

©
W.D. = IE.JS

=K [1(yi+))-(c + dyj)]
=K J (ydx + xdy)

(35)
~K J(l,s) d(xy) = 20K

®)
W = ROx F cos 0°
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kx cos 6 = mg sin 6
X =m g tan 6/k
(by the force)
- kxcos6
=10 x 3 % 200
Work done by g = MgR (1 — cos 60°) kx mgsin®
gRM
2
gRM 1, , mPg’tan’0
K.E.=RFO— —— = —kx* = —2 < *
5 P.E. > K
LImv? =10 X x 200 - 10x10x10 40.
2 3 2
v2 =2><g><200—50
V=17.32m/s
35. (©) mg, ..
v = at K= ?(leen)
= 10/3m/s L mxvt+ 2 M) _ (M9
2 2 Lk k
In ground frame 1 , 1 mg mdg® , mg
; — —XMXV™ +—X—=X Xxa” =——xa
W.D. by gravity + W.D. by normal = Ak 2 % 2" a mig? mg
1
O0+WD., = Py x 1 x (10\/5)2 = 150J %mv2 +%mga=mga
36. © VvZ = ga
Friction is present KE. = Lmyz - Moa
.. Mechanical energy is not conserved 2
But work energy principle conserved 41. (B) Vo
. . . —> k R
Due to extrenal friction force is working _m:
m R
on the block. 1, N
—Emvo
37. ©
. 42. |B)
The block will come to rest when work
— —>
done by friction becomes equal to the kx
change in energy stored in spring. —imvé
2
8. © 43.  (B)
Work done by force N
1 «— —>
— - 1
F=100x11 = 5 =550J Net work done = _Emvé
Work done by the gravity = mgh
_ 44, B)
mgh =550
550 45, © _
>h=_—~=1Im Velocity of block with respect to observer
5x10 i
39. B is zero so K.E of block =0
46. B)
PET
Due to +ve work done by N
47. B)
On comparing
FoV
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F=kV
P=FEV =kV2 = Now 2P = KV"?
2 xkvZ=KkV? = V2 =2V?

V' =42V

®)

d_W _dKE
dt  dt
—~P= (dK—EJ = 4t = 8watt

dt
att=2s

48.
(KE = 2t?)

1mv2 =2t?
2
=V =4t

dv N
—=2m/s‘=a
= dt t

[.. m=1kqg]
49.

[U=sin (x +Yy)]
= coS(X +Y)i +cos(X +Y)j

= T T
Fiox/a) = COS i +C0S 7 |

o 5] 3]
®

mgcos ¢—N =

50.
mv?

R

N =m(g cos ¢ — \;—2) ...(D)
~N=0

V2

= C0S ¢ = 5~

Rg ..(i)

www.aviral.ac.in

51.

52.

53.
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0

By energy conservation

% mv’ =mg(R—Rcos¢) = v* = 2Rg(1-cos )

Using (i) & (ii) cos ¢ = %

height from highest Point = BD = R (1 —
cos ¢)

2
_ 1-£| _
n=r(1-2] -
©
J5Rg =+/5x2.5x10 =5./5 >10m/s

- N, will be zero in part A, D, C
at some point

QY

R A
3 ns.

Mv2/R

2

1
+Mgcos® =MgR cos 6 = EMV

2

1
= Mgh = EMV =

T 2Mgh +Mgh
- R
Straight line

©
A 4Mg

v ¥

Mg N
1.2
2MgR:EMV = 2JgR =V

mv?

=mg+N = N=3mg
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Exercise-lll

T,
34
3N 37 N - =
1. a ] 1
Mg mgcos37° 100
4

T, x ¢ =100 T,=80N

T,=125N
2.
3.

a = =m/s® >fromS = ut + 1:’:lt2

T = - 2
=N —O+1X£t2 — t=2sec
= 272 -

fromv=u+at =>v= g.Z =3.14 m/s

4, Do Yourself
_ & _ v

5 o= R a = R

a, = 6m/s? a =8m/s?
6. o =12 rad/s

_ 21t x 480 — 16 rad/ R
O =" %0 = rad/s

o, =o +oat

= o = 2 rad/sec?

12 +2tfort<2s

16 fort > 2 sec

at 0.5 sec

a,=2m/s?

o, =12 + 0.5 x 2 =13 rad/sec

728565 ~ 169

att =3 seconly a = o’r

www.aviral.ac.in

2 m/s2

www.aviral.co.in

10.

11.

Level - |
D
\Y
a = acos 30° = 25 x ﬁm/sz
2
-ar=VT:> v2=252£x2.5m

\/E 1/2
25

MV2
R

Mg

mVZ /R

Vo
(V,cos 45°)2=¢g. R
Vo
=>R= 29
Ve
. ac = ? = 29
VrR
b
_2v _T Vs TV
- - I
R 2
.. Average acceleration
_ ViV o ave AR
nR
2V
T, sin6
4 2T
) 2
< 0 2 MoT
T,€080 T ¢ mg
T2
N
T, sin®
= T,cosO+T,cos0=maw?r ...(1)

T,sin6=mg+ T,sin 0

...(2)
a,=aR=5x0.5=2.5m/s?
Normal exert on Block, N = ma

N=1x25=25N

www.aviralstore.com




PHYSICS - Circular Motion & Work, Power and Energy

o=at=5t

Block slip when f = me?R

pN=mo?’R

(0.05) (2.5) = (1) (51)2 (0.5)
t = 0.1 sec.

12. Mw? x1 =2 mg

13. Do your self

53 530
14.

2T cos 53° = 20

- 20
3

40\’ )
3} (10) _

Acceleration = [ 5

4
a=gsin53°=10><g=8

Ratio = 25
ato =,

S,
535

15. (a) Net force on Block is zero

V= constant

so, wdrk done by force.
IEcTr =0

(b) W = jN.dr

dr L N
N.dr =Ndrcos 90° =0
W=0
(c) W=fr
=frcos 180° =—f
= —umg(vt) =—pumg vt
(d) work done by F = gy =F,

= (umg) (vt) =umgvt

www.aviral.ac.in

2534
1]

16.

17.

=
®

25
3

19.

20.

21.

www.aviral.co.in

W=

5m
90°

mg

m =10 kg

W = zero.

(i) w = (-5) x 10 g = — 500 ]
(ii)) w =500 J

W =Ef = (-2i +15] + 6K).(10])
=150

N

(Force dyne)

[EEY

o 53
1

20+
10%(2—-1)+20(3-2)+(—20)(4—-3)+10x(5-4)
= 20 dyne cm = 20 ergs
kgm? 1

=20x X
sec? 10°x10*

=0.2x10°J

Work done by the resistive force

1 >
:—mgh =+ EmV

_ [ Jox10®-Lxs50x50]
1000 2
=—-8.751
F=7Ni
and f = 2N(-i)
F
fQ_I:I_>
7-2 5
a=——=—
2 2
1., 15 ) R
= —at° =—.—.(10)° = i
S > 22() 125i

(&) Er=(7i)(1251)=875J
(b)f r=—2x125=-2501
() (F—f)r=5x125=6251
(d) AK =k, -k,
= work done by net force
=625
p=0.15
g=9.8m/s?
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PHYSICS - Circular Motion & Work, Power and Energy

1

S|n6=2 6=30

pgcosb<gsino

T

5m

[

Block will move on the horizontal plane.
(a) Work done by Gravitational force in
round trip.

=—mgh+mgh=0

(b) w, = mgh + pmg coso. r

3

=O.3><10><5+O.15><O.3><7><10><10

22.

23.

www.aviral.ac.in

=15+ 3.82=18.82

(C) anet :Wf1+Wf2
=—2 X umgcos 0.r
=—2><O.15><0.3><10><§ P
10

=—-7.64]
(d) K.E. of a body
=mgh —umg cos 6
=15-3.8
=11.21J

(@) v, = —xt
f m

(b) V=V, =t

m

(©) Ak = %m(F/mxt)z —%m(O)Z
2
(d) Ak':%m(vC +£tj —%mvi
m
1( F
S==|—t?
@ 5-5(]

. 1(F,
(f) S Vct+2(mjt
(9) w=FxS
w =F x &
(h) K.E. is more for the ground frame.
(i) K.E. of a body is different in different
different frame.
and
work-energy theorem hold for the moving
observer.

T, =mg
kx=2m._g

24.

25.

26.

27.

28.

www.aviral.co.in

_ Ly Amg
2K

2m? g?

Kx=P

P P
fl:E = K= gl

P(l,+1,) =%k€§ —%kzi
1
P(fl +€2) = Ek(fz +€1)(€2 _fl)
1 1

P= Ek(gz 1) = P= Ep(lefl—l)
L2 _g
£y
P=3t?-2t+1

4
4w = J(3t2 _2t4+1)dt

2
W.D. = [t3]* — [t?]* + [t],*

=(®4-8)—-(16-4)+2
=46 J = change in K.E.

Total work done

av total time
~100x1x6x9.8 — 49
2% 60 W
Pxt=w
10 x 103 x t =200 x 10 x 40
t =8 sec
F
a=—
m
P P
P=FV =>V=—=—
F ma
Q= P V= F
Y Vo m
s_1Fe. _F._[Pg
2m m m
dv P
—_—=— = vdv =—dt
dt mv m
2 2P
V—=Et = V= —xﬁ
2 m m
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29.

30.

31.

www.aviral.ac.in

\/E 2
3/2

Ratio =—2 m_"2_3

\/E w4

m

A=102m?2
Mass coming in one second
Avp=m
Av=0.2m?3
102V=0.2m?3
v =20m/s.

Energy required in one second

1 5
:mgh + Emv

1
= 0.2x1000%x10x20+ Py x 0.2 x 1000

(20)*
=80 kw

P=Fv
P = mav
P P
a=—=a= —
mv mv

vdv. P

dx T mv

[V _P 63 p
—=—X _ —
U

8°-3° t
2 4
t = 54 sec

P
3:[V2/2]=Et =

F =x%y% +x2y?j(N)
act on a particle which moves in the xy

plane.
If F is conservative.

§F.dr =

otherwise §F.dr #0

J yZdx +J y2dy

ik

6 0 0

& | ox oy oz
X2y2 X2y2 O

32.

33.

34.

www.aviral.co.in

0

N 2,,2 N 2,,2 R 2,,2 2,,2
iO_6xy +J.6xy_0 +kaxy_axy
0z 0z 0z oy

2(xy? - 2yx?)k
Force is conservative if and only if x = vy.

(b) W ADC=j‘0dy+j‘ 2 2dX=a?5

a a 5
W e = J‘de+J‘a2 =%
0 0
& 5
W, = [ xfdx+ [y*dy — 22 < =
AC! ! 5 X=y)
_ _9x
F oy
(@) Fy)=+o

(b) F(y) =—-3ay? + 2by
(©) F(y) =—BU,cos By

739/ < ,/5g/
2

oSO = u®-2gR _ 3gR-2gR =£
3gR 3gR 3

mgR(1+cos) = %m(:%gf) - %mv2

4 1
R.Z = =(3g/ -V?
g 3 2( g )

8 (14
—gR =3g/-V' V= |—
39 g = 3

veos oo o
Uy =V €OS 0= 247

v=x L = %muzzmg.ZR+%mv2

4R
imu =mg.2R +— m(3 )’g
2 2 4R
1 9Rg 5
Zu? =2gR+—= =—4/0R
2 g = UmVe

For x . v should be min.

= J50R = v:\/g_R

— =2R
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_Vy—-v;, 20-0
Total time 3

35. Aoy

1
0.02 kg fuel has energy = Emv

1
=E><1><(20)2 =

20017

1 kg fuel has energy =

Energy content per unit mass of fuel

= 10,000 J/kg

www.aviral.ac.in

_20
3

2

200 =10*J
0.02

www.aviral.co.in
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PHYSICS - Circular Motion & Work, Power and Energy ez

Exercise-lll Level - Il
1 12m/s omis _ Nsin 60° =15x V3N
< 18m > 2
Given a=-Kx = 3 Sov'sind=v
vdu _ Kx Y
dx V= sne
5 18 sin
= deV=—KIXdX = 119 =K(324) R
12 0 V)
V'=
119 (2Rvt — vt?)Y?
324
i i i v VR /R
Acceleration of particel at point ay = R = m
A-119 1g_ 119
324 18
119
a; =—
18

a, =10m/s? = /a® +a,°
2
11
= 10 = (1—09J +aN2

\
= ay=7.5m/s® = F=7'5

5)2 25
= R=%=ﬁ = R=33m q = VR
: : N (2Rt—vt?)
mv?
2 N = +mgcos 60° ..(1) . dv' (2Rv — 2v?t) y 1

boodt (2Rvt — v2t?)  2(2Rvt — v2t?)Y?

from E.C. mgcos60°= %mv2

= (Rv-Vv*)
s 2 CT RV - V)
4 Given U(x) =ax® —bx
SO F(x) = - aut) =b-3ax?
dx

at maximum kinetic energy U = minimum
F=0

b
b - 3ax 3a

ALRLIALIALALRLLER LAV

FErrrrrrrrrrrrrrrrrrrrrrry

5 at point B
= from (1) & (2)

N=15N
Now force on the wedge due to wall

= 0.2k=50+25v? (1)
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PHYSICS - Circular Motion & Work, Power and Energy @:

X1 +X,=0.3

1 2 1 2
=15=—-K(0.2)" + —x5xVv
from E.C. 5 (0.2) 5 92X ~(2) = x,=01m x,=02m

5 R
7 Extension is string X = ER -2R = >
Now from energy conservation between pointA &
U,=15 U,=0 B.

[3Rj 14mgR?> 1,
mg - +——=—==mvV

2 R 4 2

o]

+
3

Q
Il
+
o
o

3
=<

from (1) & (2) we get

k =500 N/n
6. 0)
T W 1m(4gR) 3ng
f=75 -5 =
mye2r, ! I|1Okg II L) ] 5kg m,»2r, 2 2
0.124 m 0.176 m : 1
W; =—mgR
Now  T=m,w’, (1) 2
T+f=m 0% (2 0.4
from (1) &(2) f=m, 0’ -m,o’,
8.
f =10.(10)?(0.124) -5(10)% (0.176) - 0.3
124 -88
f=36N Initial
(i) for slipping condition friction should be maxi-
mum
fnax = SON
50 = 0.36 ®*
mg
0.4
®o°=——= »=11.78rad/sec .
0.36 79
i 9
(iii) ] ] ’ J,Vz
mym>X, @ a X m, II mym>X, v
mg

= moX; =myn’X,

. m 5 from energy conservation
1 2

—“L=—2=— = X, =2X,

X, m; 10
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= 1000(.01+x)? = —(—j +0.2+20x +

www.aviral.ac.in

mgh:%m(vf+v§) (1)

1><10><O.1=% [vf +v§]

Now  x%+y?=/

2XV,+2yv, =0
0.3v,;=04v, = 3v,=4v, (2
from (1) & (2)

42 3v2

2
v;=——m/sec, v, =——m/sec
5 5
Now  3a; =4a, ..(3)

at equilibrium kx =mgx 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.Olm
: ie.
-
-,
-
3kg
_________ 2kg | i 3g/k

3kg

from energy conservation

1 1 (3g)
k(0L x)? =Ek[79j +29(.01+ x +3g/K)

1( 90 6x100

2000

212000

10

(@)

(b)

11.

www.aviral.co.in

2 25
40x1000
Xx=2.5cm

after solving

L
D —

VO
[177777777777

When x length lies on the rough surface than
mass on the rough surface

,_m
m —TXX

m
= f=-pmg =-n X

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

_m -
" u

3 Xg, aszg

V,=V v,=0 az_T“xg
d h nof

N Vd_iz_%xg = VJ;vdu=—rg !xdx

V2 =%gL2 = V= ,“,tgL

p:0.1|1kg|

() v =3m/s

Maximum heat liberated then all kinetic energy
is loss in heat due to friction

2 =work done by friction

1
—mv
2

= %vz =8(0.1)(g)

vi=16 = v=4m/s
Velocity with respect to belt = 7 m/s

v=0 u=7m/s a=ug
= v?-u?=2as
= s=49/2
Heat liberate = ngs =24.5J
When but velocity is 5 m/s then
u=9m/s v=0 a=ug
= s=81/2
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= Heat=40.5J

12. @T=ky = T= 2mg xacosecH
T =2mg cosec 6
At equilibrium
T cos6=mg
a
X
y =acoseco
T
2mg cot 6 = mg
coto=1/2
By fi to= X
y fig cot 6 = a
Cx_1 _1
=5 = X= 5
(b) dFTension = Kydy
a 2 a 2
F = J.kydy = k|:y_:| = ka— =
Tension 2 2
0 0
I:Tension = mga
C
v
dy
O
Wtotal = AKE
WTension + Wgravity = KF
mga + mga=1/2 mv?
2mga=1/2mv? ; v = 2,/ag Ans.
. 1, 1
For maximum path Ekx = Emv
X =2a
13.

www.aviral.ac.in
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O-

Particle leave the surface at top when

0- g

Now
ro [z
g
2~uo\
\\
N
N
\
\
r \
\
\
\
\
\
R=2up 2" _ R=2.Jig [2" =2/2r
g g

NowwhenU =U /3
from energy conservation

2
1mﬁ+ mgR(1-cosH) = 1mv
2 9 2

2

(1)

2
force balance

=mgcos6 (2
from equation (1) & (2)

3 U2
>rgcos =rg+—2
2 g g 18

Uozﬁ = c036=;—7

Height from the ground at which it leaves the

put

hamisph =rcoso=—r
amisphere 27
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Exercise-1VV Level - |

www.aviral.ac.in

Using the relation
mv?

=puR,R =mg

2
=umg or v° =urg

= v2=0.6x150x10
or v=30ms?

®

For a particle moving in a circle with con-
stant angular speed, velocity vector is al-
ways tangent to the circle and the accel-
eration vector always points towards the
centre of circle or is always along radius
of the circle. Since, tangential vector is
perpendicular to radial vector, therefore,
velocity will be perpendicular to the ac-
celeration vector. But in no case accel-
eration vector is tangent to the circle.

(®)

Taking particle of
mass equal

F,_ma _ o’R, _R,
F, ma, o@R, R,
(®))
s=t2+5

ds 2
. Speed, v=—=3t

pee at
dv

and rate of change of speed, a, = T 6t

.. Tangential acceleration at t = 2s,
a=6x2=12ms?
andatt=2s,v=3(2)2=12ms*

.. Centripetal acceleration,

vi 144
= ms

a = -
° R 20

www.aviral.co.in

. Net acceleration = \/a? +a> ~14ms™
©

For a particle in uniform circular motion,
2

-V .

a= " towards centre of circle

v
R

(~cos0i - sin6j)

L a=
2 2

- Vv ~ V .

or a=——cose|——R sSin6j

©

As their period of revolation is same, so is
their angular speed. Centripetal accelera-
tion is circular path, a = »r.

Thus,

a o’ n
a, wzrz r,
@)

The work is stored as the PE of the body
and is given by,

X2
U =J- Fexternaldx
X1

U= J' kxdx

1
= Ek(xi -x3)

:8;&[(0.15)2 -(0.05)]
= 400 [0.2x0.1]
=81

®

P = constant

= Fv=P [..P=force x Velocity ]
= Maxv =P
vdv | P vdv
= VX|—|[=— Sa= ——
ds M ds

v s P
= J. vzdv=J‘ —ds
0 oM
[Assuming at t = O it starts from rest, ie,
from s = 0]
vi P

or —=—5S
3 M
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10.

11.

www.aviral.ac.in

1/3
3P 1/3
v=|—| s
or [Mj
1/3
= ds kst/3 k = 3P
dt M
s dS t
= IO =7 = 0Kdt
2/3
S 2
=Kt 2/3=_K
or 2/3 or S 3 t
2 3/2
or s:[ng x 32 or sot®’?
®)

W, =£kxi = E><5><1O3><(5><:|.0_2)2
2 2
=6.251

Wz = %k(xl + X2)2

%><5><103><(5><10'2+5><1O'2)2 =25]

Net work done = W, - W,
=25-6.25

=18.751J

=18.75N-m

®

Work done in displacing the particle

W=FF =Gi+3]+3k).2i-]) =77

. M
Mass per unit length = T

= g =2kg/m

The mass of 0.6 m of chain
=0.6x2=1.2kg

The height of centre of mass of hanging
part

h=200_53m

Hence, work done in pulling the chain on
the table = work done against gravity
force.

ie, W =mgh

=1.2x10x0.3

=3.6J

12.

13.

14.

15.

16.

www.aviral.co.in

Q-
»

From given information a = - kx, where a
is acceleration, x is displacement and k is
a
proportionality constant,

vdv

dx
Let for any displacement from O to X, the
velocity changes from v  to v.

= —kx = vdv = —kxdx

2 2
= dv_ Ikxdx LV oVo __kx
2 2
v2 -V mkx?
=m = —
2 2
= AK o« Xx? [AK is loss in K.E.]

»

Momentum would be maximum when KE
would be maximum and this is the case
when total elastic PE is converted into KE.
According to conservation of energy,

2
Lz oime ooz - M)
2 2 M
or MkL® =p? (.p=Mv)
= P=LJMkK
Gy}

According to conservation of energy,

mgH= 1mv +mgh,

H=1
OOm h_30m /h_20m

= mgH- hz)_—

or = ,/29(100 - 20)
or V =,2%x10x80 =40m/s

QY

v-0
T T
Instantaneous poer = F,,
= mav
mv 2
= —.at = mXt = mv t
T T T?
(®))
According to work - energy theorem,
W = AK
2
| Fx3=smYe| -Imy
Case - =5 > > 0

Where F, is resistive force and v, is initial
speed.
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Case Il Let, the further distance trav-
elled by the bullet before coming to rest is
S.

1
—F@+s)=K; -K =—Emv§

1 1
= —gmv§(3+s) = —Emvg

1
—@B+9)=1
or4( )

ball is F- mg=ma
[F is the force

Taleg

3 N s mg
a4 "
ors=1cm exted by hand on ball]
=>F=m(g+a)
7. ©® =0.2(11g)
Here, the constant horizontal force re- =22 N
quired to take the body from position 1 to Alternate using work energy theorem
position 2 can be calculated by using work- W +W_ =0
energy theorem. Let us assume that body =>-mgx22+Fx0.2=0
is taken slowly so that its speed does not or F=22N
change, then 19. (A)
AK=0 4 2
— x* X
- WF + WMg + Wtension - 1 V(X) = (Z - ?J
[symbols have
their usual meanings] 26\ For minimum value of V, 3_\): =0
W_=F x |sin 45° i :>4X32X0
=F x|sin = 7= -——=
¢ V2 4 4 )
= = +
W, = Mg (-l cos 459), 1 = X=0, x=%
- M—F 1 1 -1
Wtension =0 So, Vmin (X = il) = Z - E = ?J
- F =Mg(\/§ ~1) Mg Now, K _ +V__ = Total mechanical energy
18. (D) = K - Gj +2
The situation is shown
in figure. Atinitial time, or Ko =2
m 4

the ball is at P, then
under the action of a
force (exerted by hand)
from P to A and then
from A to B let accel-
eration of ball during PA
is a ms2 [assumed to
be constant] in upward
direction and velocity

or =—

20.

Q |
2
¥ a=F—k=E=7.5m/s2
m 2
A 1
Now, ma:Ekx2
Q |

of ball at A is v m/s. .2m 1

Then for PA, = 2><7.5=E><:|.0000><X2
vZ=0%2+2a x 0.2 ) or X2 =3 x 103
For AB, O = v2 - 2xgx2 | or X =0.055m
=>v2=2g x 2 ) or x=5.5¢cm

From above equations,
a=10g =100ms=
Then for PA, FBD of
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21. (B)
Question is somewhat based on approxima-
tions. Let mass of athlete is 65 Kg.
Approx velocity from the given data is 10m/
S.

So, KEzw 3250

So, option (d) is the most probable answer.

22. (D)
Given %=constant
T odt
= kot

= voqlt

Also, P =Fv = % = constant

1 1
= F c— = Foxa—
v vt
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Exercise-1VV Level - |l

t® P=miv, -7,

= m[-v, sinoti + v, cosot - v, )j]

5. A)
du
- F = kx 3&:—kx
Ma/k | o
- «
Mok --X
2M
Maximum Extension = =2 6. (8))
K 1 1 _5g¢
. . =5mg/ ==m——+mg(l - cos 0)
2. Ball will lose contact with inner sphere A 2 2 4
2 2 cosf = —7/8
cos 0 = 3 . 0= cos‘l(gj Hence, 3n/4<06<n
7. 8

Now, N starts acting towards the centre and make

contact with outer sphere. a=9/3, T=48N,S=12at"=53m

= W =TS =8 (in joule)

a2
- 0< COS E 8. %D) Y
_ N — = mo
NA‘mg(g‘:OSO;Z)’NB‘O 324 = 0.5 0?2 (0.5)
- = 36 Radian/S
and for 6 > COS l(gj o Z y adian y
N, =0 and N, = mg(2 - 3 cos 6) . pplying energy conservation
A
Na4 Lo+ uNx = 1nv
mg 2 2
s :>%XZX(O.06)2+O.1><1.8><0.06
2
: > = 1 x0.18 x [ﬁj
cos0=2/3 cosH=1 2 10
Ng orN=4
5mg 10.  (A)
cos0 Vo =V = Vi
.- . (20)
[V, = V| = 2R sin ">
S 2
cosf=-1 cos0=2/3
3. (A)
In a conservative field work done does not de-
pends upon the path. The gravitational field is
conservative field.
Wl: W2: W3 oo
Y4 Vs, =2 Rsind = |2R sinot
A
Vi :<..... N Vo
ot
>X
4.
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