PHYSICS FOR JEE MAIN & ADVANCED

EXERCISE - 1

Single Choice

1 1 il
Work = F.dr ,wOrk:_j(o.S)(S)Rde ~F=mN
0

= [work]=(2.5)(R)(2m)=-5]
By applying work energy theorem change in kinetic
energy = Wg +W

ext.P

0=mg(®cos37°— ®cos53°)+W

extP

=50 %10 x 1[%—%}%“

W_,=100joule

I r
W=1fd T
ag/2
Mg
W = (—%j X
2
By applying work energy theorem
rr 2
AKE=fd=m| Y |2 2]e = akp =2
t, )2t 21,

For conservation force work done is independent of the
path

W, tW, =W, ., 3H4=W, =7]

AC?

By applying work energy theorem
I S ¥

o — 2

ymy Tk

_ 2 _ 2

3mv :—1kX2; k= 3myv
8 2 4x*

By applying work energy theorem AKE =work done by
all the forces

l’an

8

1
New kinetic energy = Emv? =

Y Vo
= V= > = vV=u-—ugt, = p= 20t
0

Slope of v—t graph Acceleration = —10m/s?
Area urllder v—t graph — displacement = 20 m
work = .5 =2 (10) (20) = —400J

HINTS & SOLUTIONS

9.

10.

11.

12.

13.

Total mass ; foc 6m, f=6m_(20)=P

To Drive 12m: foc 14m = f=14m,
(14m.) v=06(m.) 20 = 8.57m/s
To drive 6 bogie : force oc 8m

force =8m,_, = P=8myv
(8m)v=120m,_ = 15m/s

Power = constant, Fv=C

2C /2(:
mvdv=Cdt = v ="t = v=,[—t

m m
dx fZC
as VZE:}J‘dXZ Ejﬁdt

2C t3/2
X:J—
m2/3

By applying work energy theorem

— x o 32

;—mVZ—O = Wg +W,
for the second half work energy theorem change in
kinetic energy = Wg +W,
0=100mg+W_=-100 mg
As work done for the first half by the gravity is 100mg

therefore work done by air resistance is less than
100 mg.

dx
X=3t-40+ 0 V= o=3- 81430

_dv
dt

a =0-8+6t

rr 4
W= [Fdx=[3(6t-8)3 -8t+3t" )t
0

W=528mJ
OR
From work energy theorem

1 1 1 _
WZEmVZ—Eme :5(3 x107)

[(3-8(4)+3(47)-(3)]=528 mJ

P.E. — Maximum — Unstable equilibrium
P.E. - Minimum — Stable equilibrium
P.E. — Constant — Natural equilibrium

None of these
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WORK, ENERGY & POWER

2
v

14. a_= K= —=krt’
r

dv
= a =—_—=kr

= v=kx" =v=krt &

P=[ma,.v = m(kr).(kit) = mk’r’t
15. By applying work energy theorem
AKE = Work done by all the forces
0=W +W
-W =(W__ +
g spring
AU=(W__ +W

spring ext agent )

spring ext agent
ext agcnt)
[FAU=W ]
16. P.E. > Maximum — Unstable equilibrium
P.E. > Minimum — Stable equilibrium

P.E. — Constant — Natural equilibrium

dU
Force = ——— = —(slope)
dx

[ slopeis—ve from Eto F ]

Force =+ve repulsion

Force =—ve attraction
17. AU=mgh

height w.r.t. ground = (® —h), AU = mg (®-h)
18. At lowest point

at highest point T =0

l’IlV2

mgzl—

(Ve ) =u? +2(-g)x21
g@=1>—-4g®
w=5g@

Put the value of u? in equation (i)

T-mg= @:T—6mg

, V:\/g_l and v’ =u®+ 2as

19. By applying work energy theorem
AK.E=W +W

ext agent

0— L ke+F 2F
_ 1 o 2E
2 X=EEY

2F
Work done =
K

21.

22.

238

24.

26.

20.

. Net force towards centre equal =

In case of rod the minimum velocity of particle is zero at
highest.

When the string is horizontal

2
T-= mlv () N
vi=ur-2g@® '
V'=5g@0-2g0=32@ mg
.36l u
So T= 28 3mg

So net force
:\/Tz +(mg)2 = \/(3mg)2 +(mg)2 =10 mg

By applying work energy theorem AKE = Wg

0

1
5 mv:=mg(r-b) = v= m

As velocity is vector quantity

Av:\/vl2 +V; —2v,v, cos0 [as0=90°]

Av=\Vv} +V}
By applying work energy theorem velocity at z

1
5 my 5 mu*=—mgL

v =1 -2gL = Au=, [2(u® - gL)

AP=[P? +P? —2P,P, cos0
for cos 0 =maximum = AP minimum 6=360°

for cos 6 =minimum = AP maximum 0= 180°
2

2
m v

X

T

v =,/rgcos0 Y

By applying work energy theorem |

mgcos 0 —N=

1 2
Emrg cos O —0=mgr(1-cos 0) = cos@z;

Tension at any point T = 3mgcos6
Given 3mg cosO =2mg

3
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PHYSICS FOR JEE MAIN & ADVANCED

EXERCISE -2 7. COME: K _+U =K +U_
Part # I : Multiple Choice | |
Emvé +mgr = Eszc +mgrcos® .. @)

1. COME = K +U=K +U
1 o Force equation at C

2
€ =mgcos6 ... (ii)

1 1
+ — 2+_ 2
= 0 2k1x 2k2x N+

= lmvz+ lk (ij:lk (ijz atC,N=0 = cosO= 3.
2 2 1\2 2 2\2 4
8. F =mg-mg .. P_=f v=(m-m)gv

1 1 ext inst ext
= (k Flo = S mvi o (kW

2E
9. Atx=—=; E_-~ke=U . KE=
3 (k +K )X Tk BTy Tl 0

= V= Z—

10. W=AKE = }[(—u.mg)dr=0——2mv = y= /ng
2. ForbodyB:mg—T=m(2a)

g 11. Equation of motion :
ForbodyA:2T-mg=ma = a=- m, gsin37°~T=m,a, and 2T-m g=m_a,

aBZEaAandaA:a
A B

h g _8
. ) . a,=2a =2X—=—
Velocity of B after travelling distance ® 12 6

- -

Velocity of A: v, =< = |&
elocity o .VA—2— 5 . V_V_A_\/g
===
2 23
3. Work done against friction = mgh = loss in P.E.
*. Work done by ext. agent 12. COME:K_+U_ =K, +U,

= W, +APE

1 1
_ 2 2
= mgh+ mgh =2mgh 0+ 2 k(13-7) 2 Ma o

2 2
4. COME:K,+U =K, +U, N=TVa _kx6"_ L oN
A R 5
1
0+mg (4R :zmvz+mg(2R):>mV2=4ng 13. COME:K, +U, =K, +U,

A . !
Forces at position 2 : 0+mgx25= Emvi +mgx15 = mv3 =20mg

2

N= —-mg=4mg—-mg=3mg 2
R ForcesatB:N:mgfmI:A =0=R=20m
5. COME =K +U,=K,+U, 14. Conservation of mechanical energy explains the K.E. at

A & B are equal.

1
+mg® °)= —mv>+ =4/gl
0+ mg® (1-cos60°) 2 i \/g_ Acceleration for A = gsin0,

Acceleration for B = gsin0,

m 1 1 3mgl 7 sin >sinb, .. a >a
6. W, =AU=U-U= [3) g(—j N oo

4 2 8 F_ and displacements are in opposite directions.
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WORK, ENERGY & POWER

15. Power=pQgH = pAv.gH =pA ,2¢H .gH
2
-10° x%x\/Z x10 x40 x10 x40 (d=5cm)=21.5kW

16. Area of graph

:IP.dx = va.a.dx = J.mv(%) dx

X

r _m(V3 ) _10.(V3 ~1)
3  7x3

(4+2)x10=>v=4m/s
) 1
17. For upward motion : mgh + fhz;m x 16?

1
downward motion : mgh— th= 5 mx 82=h=8m

18. Forequilibrium : Ncos® =mg & Nsinf = kx
= kx=mgtan6 (N =normal between m & M)

_ m’g’tan’0

U= lkx2
2 2k

r T s
o p_AW _Fas _(31+4])-(81+6])
At At 6

=8W

20. FormotionP - 0=K_ +U =K, +U,
ForrnotionQ—>0:>K’O+U'0:KQ+UQ
= K,=U,; K =U,=2U,=2K,

2(2h/ sina)
= Lo =t
gsmao

AT Ny
gsina

1
21. W, +W_ =AKE = -mgh-fd=0- Emv2

1
-mg 1.1 fumgd:fg mv? (u=0.6)= d=1.17m

, ... 2Mg
22. Maximum elongation in spring = ra

Condition block 'm' to move is

3
Kx >mgsin37°+ umgcos37° = M:g

23.

24.

26.

27.

28.

29.

30.

31.

32.

33.

34.

ds a’t’
veafs =8 oo
dt 4
2.2 4.2
a't ma 't
W=—mVv’ —O:—mxazs:—maz( ):
4 8
Conservative forces depends on the end points not on

the path. Hence work done by it in a closed loop is zero.

. COME:K+U =K, +U,

;—mvé +0=0+mgl(1 —cos60°):>V0:7m/s

2
For equilibrium, F=0 = x(3x-2)=0 = x=0 = x=3

For velocity to maximum acceleration must be zero.
= mg-kx=ma=0

m 1x10
= x:—g: =

k 0.2
Height from table =15 cm

S5cm

Vi=v, 42 (-pg)l
v, =+/2ugL

Sum of KE and PE remains constant.

Forv=0,

1 1 1
W, =AKE= —mv? = > m@ay'= - 1x (1043 ) =150

AK.E. =work done by all the forces
AK.E.=ma.s
When acceleration is constant

1
AK.E. ct? [ass= Eatz]

(0 —Tkx? ) +(-pmgx) =0 —tmv’ = v=8 m/s

T
F= 3$+ 4? is a conservative force ie therefore
W, =W,

Given v = Vgr
mv’/R
R=0
B
mg
mg = c_, mg
R=wW R=W
mg A mg

R=mg+mv’/r=2mg=2W

3
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PHYSICS FOR JEE MAIN & ADVANCED

35. To break off reaction becomes O, 38. Tension will be mg cos 0 at extremes but it becomes

\4 2
= cos O =—— (1) mg cos 0 +

i.e. mg cosb =

In the given situation by making diagram, we can shown

M 2
that T — Mg cos 0= Y

and tangential acceleration

= g sin0.

But fi iderati
ut from energy considerations Part #11 : Assertion & Reason

1
mgR [1-cos 0] = 5 mv?

1. D 22 A 3 D 4 B 5 A 6 C
= v2=2gR (1-cos 0) usingitin (1) 7 A 8 A
cosO =2(1-cos 0)
2 -
= cos0=2-2cos0=cosb=— EXERISE 3
3 Part # I : Matrix Match Type
4 5
So sin@= 1—§=£ du
3 1. = —=30Ni
5 conservative dX
Now tangential acceleration g sinf = gT change in kinetic energy =2
[Area under (a—x) graph]
1 — 2 — a2 .
36. Given Smvi=as* .. ® as mass is 1 kg = [80 +40] = 120,
2 2 1
Soa=¥-28 (ii) KE_ =—Mv=8]
T R mR initial 2
dv dv d d =
Alsoa——v=—v.—s—V—V (A) KE=128]

dt ds'dt ds Lo
(B) W_=fxd=30x8 = 240

f2a
But from equation (1) v=s o © W, =AKE=120J
O W _ +W_ =120, W_=-120J

Cit ab _ 2a( Za\ 2as o
put it above a = ’/m k ) ..... (iii)

m m 2. Wg = force x (displacement in the direction of force)
\/ﬁ (2as?) (2asj2 W, =[10x ;—X2><16]:7160j0u1e
¢ = a. +a;, = || T
So thata P tag mRJ v
L 1
2as s) Wy = N.s =m(g+a) cosd (_XZ X 16) cosd
le.a=——,[1 (—]
m R
SV - 42)x £(16)£
So force F=ma=2as,|1 + i
2mr =12x12=144]
37. In this case T = —— [for 1 resolution] Ly
" W.=fs
! 2h — m(g+a)sind (16) cos (90 — O
Also h = Egt = t= 4| m(g+a)sinB (16) cos ( )
1 .
2mr u Pn =(12)x 16 x Z=48J0ule
Butt=nT = —n— = n=4__a|" . )
2mr\ g W, =W +W_ +W =32joule
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WORK, ENERGY & POWER

3. By applying conservation of momentum wedge will * 2. f = =(kcos60°)x+mgcos30°

. ocity - Vs . _@rV3meg gl mey3
acquire some velocity = Mam g J5R 5 B
block w.r.t wedge in negative x-direction. _mg[ 1 N 2mg

(A) Work done by normal on block is RING) NE)
1 mv 2g .
=_— —x a_ =2acos60=a= —— horizontal
2 M (M + m] e \/5

(B) Work done by normal on wedge is 3. By applying work - energy theorem

1 11 1@+\3)mg
= EM(MJerj is positive. 38
1, 1lmg gRQ -+3)
is = —mv?= 2-BR = v=, 0
(C) Net work done by normal is =0 5 \/— ( 3) \/g
1 .
(D) less than mgh as K.E. is < 5 m2gh, Comprehension2

Lr 1 2)
= =_ —a,t
KE, > KE is positive. R~ fds = WE—-—C [2 %
2. For the motion of the block in vertical

4. For v=4/5gl ,the bob will complete a vertical circular mg-N=ma,N=m(ga)
0 0

path. W= _Naot2 ~ _m(g—a0 Ya,t’
For \2gl <v<,/5gl ,the bob will execute projectile N 2 2
motion. 3. For observer A pseudo force on the particle is zero
W=0
Forv < ,/2¢l , the bob oscillates.
Lo 1 ma’t’
4. W=1f ds=W=ma_—at’=
Part # II : Comprehension 2 2

5. For observer A the block appears to be stationary

Comprehension #1 Displacement is zero hence w =0

Comprehension # 3

M
1. N-Kxcos30°—mgcos 60°= v
1. By applying work energy theorem

As velocity of Ring =0 1 , 1 R
N =kx cos 30° + mg cos 60° EvaO:Wg = EMV —mg® = v=y2dl

2o y2gl =58l -x)
31
= 2g@=5g(@x) = 30 = X=7

3. Net force towards the centre will provide the required

centripetal force
2
myv
kx —meg =
mg R
m2gl
kx —mg=—"" " kx
mg m 3m
:7g+7g=mg = kx=3mg :>x:—g me
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PHYSICS FOR JEE MAIN & ADVANCED

Comprehension # 4

1.

From the F.B.D. of the blocks :

upper block is —ve and lower block is +ve as

— 6m/s

fr £

>
1T

7' N

v = decreases, Vv

= Increases
upper er

low

By applying conservation of momentum
1 x6+2x3=3(v)=>v=4m/s
By applying work energy theorem

—;— (1)(36)+ ;—(l)(l6)zwﬁ

= —18+8=W_ =W _=-10J
and Work done on the lower block +10j = W _ =0

Comprehension #5

1.

Particle will have some translatory kinetic energy as well
as rotatory energy the whole of the K.E. is converted
into potential energy h <6

By applying conservation of mechanical energy

1
= Emuzzmg(h):u2:80

1
= 5 mu’sin?’30 =mgh = h=1m

Total height=2+1=3m

Comprehension # 6

1.

By applying work energy theorem change in kinetic
1
energy =w, = 0-— 5 mv?=W_

As the kinetic energy of block is decreasing, therefore

1
work done by the normal is = -5 mv?
—4 1 2
W . =- 5 mv

W, . = 0 as for the B change in velocity is zero.

As there is no change in kinetic energy stored is due to

Comprehension # 7

1.

@

(b)

©

(A)W,, +W,=AKE 5 W, =AKE-W,

During acceleration motion negative work is done against
friction and there is also change is kinetic energy. Hence net
work needed is positive.

During uniform motion work is done against friction
only and that is positive.

During retarded motion, the load has to be stopped in
exactly 50 metres. If only friction is considered then the
load stops in 12.5 metres which is less than where it has to
stop.

Hence the camel has to apply some force so that the load
stops in 50 m (> 12.5 m). Therefore the work done in this
case is also positive.

= AKE - W

CL|accelerated motion friction

where W, is work done by camel on load.

1
- {Em# - o} — [~u,mg.50]

125

1
=3 x 1000 x 52+0.1 x 10 x 1000 x 50 = 1000 [T}

similarly, W [retardation = AKE — W

friction

0- 1—mV2 E
5 — [~ n,mg.50] = 1000 5

Wcy | accelerated motion 125 5
T :§:> 5:3

WL | retarded motion

Maximum power =F x 'V

Maximum force applied by camel is during the
accelerated motion.

We have V?— U?= 2as, 25 =0% + 2-a-50
a=0.25 m/s?

<+—1
for accelerated motion F<—|:|
wF,—f=ma —

* F, = pmg + ma
=0.1 x 1000 x 10 + 1000 x 2.5
=1000 + 250 = 1250 N

This is the critical point just before the point where it
attains maximum velocity of almost 5m/s .

Hence maximum power at this point is

=1250 x 5 =6250J/s.

I3
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WORK, ENERGY & POWER

We have W = PAT,P = 18 x 10°V + 10* J/s
© P,=18 x 10° x 5 + 10* J/s and

2000m
AT = Sm/ s =400s
P =18 x 10°x 10%)/s
2000m
and AT, W 200s

W,  10*(9+1)x400
W, 10*(18+1)x200

The time of travel in accelerated motion = time of travel
in retarded motion.
D C B A
r—1e—0—0
50 m 2000m  50m

. . . 2000
Now time for uniform motion = T = T =400 s
440

Total energy consumed = _[ Pdt
0

420
= _[[18 10°V+10*1dt+ [ 18.10%.5+10%]dt
0 20
440
+ [ p8.10° v10*dt
420

20 X 20 4 5 420
= £[18.10 th+£1o dt+[10 tLo

440 440
+j 18.103th+[ 10%dt
420 420

Putting Vdt = dx and changing limits appropriately it
becomes

60

[18.10 dx+[1o t} +105[420-20]
0

2100
v 18.1o3dx+[104J
2050
— 18.10%.50 + 10°[20] + 105400
+18.10°[50] + 10[20] Joules
=90 x 10¢ + 20 x 10¢ + 400 x 10°
+90 x 10+ 20 x 10°J = 4.22 x 10

440
420

Comprehension # 8

_A B _du_ 24 B
u_r2 r dr o
o du_2A B 2A
Codr P2 = B

As potential is minimum at r=r, the equilibrium is stable.
Given that

U_A_B _2A A BB_B’
TP BT R YT AT 2A 4A

2

B
:>UOAWU U:>—

4A
A B -3B°
KE.+PE.=TE,0+ 5—-—=
r 16A
21,
By solving the above equation r = 3
Comprehension # 9
2
Balancing the forces T = +mgcosO .(1)

i mvz
mgsind mg "R tmgcoso

From energy considerations

1
ngcostzmv2 = v?=2gRcosH

putting this value in equation (i)
we get T=3mgcos 0

: = [z .2
Also accelerationa, = 4fa; +a;

( 2

:J(_) +(gsin6)’

= gV4cos’O+sin’0 — g =

Total

Now virtual component of sphere's velocity

\/(chose)2 + (gsin 6)2

1+3cos’ O

v,=vsind = \2gR/cos0 sind v
vsing
Applying maxima-minima

_4/ ( ;j%ne+\/cosecose
cos0

3
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PHYSICS FOR JEE MAIN & ADVANCED

2gR

+cosG\/cos
2+/cosO }

sin’ 0

= =cos’0 = tan’0= 2

= 9:tan*1\/5 = tanezﬁ

So

NG 1
sin® =— and cos@=—
NG NE)

1
Thus tension T =3 mg cos® =3mg x ﬁ =3 mg

Comprehension 10
Using work energy theorem

mx2g

x Rsin@+mgR (1 - cos0) = %va D)

2
Also mgcos0 :29ﬂsin6+m—V

2 .
v = gRcos0 — ?gR sin O L) 2

From equation (i) & (ii)
zggRsinG + ng(l - cos@) = %[chosO - zg—gRsin@j

4sin0 + 18 (1—cos0) = 9cosb—2sind
6sind + 18—18c0s0 =9 cosb

6 sin@—27cosO+ 18=0

2sin@—9 cosO+6=0

R

m
)
m2g &
9
v
N\o

mg

V““QVWM‘““Q‘N
Now let sinf = x so cosO = /] — x?

Than2x—9 1 —x% +6=0

3 4
Solving x = 57 sin® so cosO = 5 0=37°

Now putting 6 = 37°

) 4R 4
1nu=h+Rcos6=T+Rxg
_20R+12R 32R
15 15

2
From equation (ii) v2= gRcos0 il RsinO

9
4 2 3
2 — _7_R><_
VIZER X - RS
_ R i_i_lOgR_ZgR
T8 s 5|7 15 T3
32R

2R 1,
=t et
15 3 (58

1
Now using S=ut+ — > gt?

2R
t can be obtained t = ?

EXERCISE - 4

Subjective Type

1.

Heat generated = work done against friction
= (umg) (vt)=(0.2x2x10)x2x5=401]J

Y cal=9.52 cal
Mgcos WMg =Mgsin® x AC =Mg x AB
4 Mgsin W, =uMgcos0 x AC x cos 180°
=-uMg < (BC)
D
B c
2 0NG
E BOnp

W =Mg(sina x DG + sin B x GF)=Mg x DE
.=—uMg (DG cos o+ GF cosf) =—uMg(EF)

=—uMg x BC (> BC=EF)
From WET, AKE will be same in both cases.
VC = VF

Blocks are moving with constant speed.

T=Kx
SR
<+—0

m.g

© mg=T=kx={=pmg

1
Energy stored in spring = 5 kx?

2
19.
2 6) =0.0981]

1
= — %1960 x (—
1960

2
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WORK, ENERGY & POWER

COME K, +U =K +U, !
3mgr 1

1
) mv? + 5 ke22 0L (1)

Force equation kr = mg +

. 2mg
Solving we get, k = - 500 N/m
10.
Work done by force = I Fdx
1/2 [—COSTCX]”z
W = f nsin{ XdX = t———
0 n 0
T
=—cos 5 +cos0=1J
Work done by external agent=—11J
2 | <2
Potential energy U =1 X - XiJ = 5 X
For minimum U,
du §
U 2x —1=0 and —- =1=positive
dx 2 dx 11.
1
Soatx=1,Uis minimum. Hence U_, =— 5 J
Total mechanical energy = Max KE + Min PE
1 5 12.
= MaxKE=—-—mv? =2- [—l] =—
2 max 2 2
2 5
= v, .= 1/—X— =5 ms™
* 1 2
As C falls down, A & B move up.
COME:K, +U =K, +U,
13

féa

0+mgx=0+2mg (1/a2 +x° —a) = X= 43_a

2
= a= bR

v
=btl= — = v= t
a R % bR
P=FV=mbRt

_ mbR(t*/2) mbRt
tdt t 2

0
Let extension in spring be x; due to m,

1
then  mgx = 5 kx; = kx;~2mg

m
but kx, > mg so2mg=mg = m, 27

.. m
therefore minimum value of m = 7

COME: K, +U =K, +U,

1 mgR
O+MgR:5mv2+ § = v= \/g_R

mv’ _ 153

Forces at B = N =mgcos 60°+ ——
g R 2

0=3 (t+sint); ®=3 +3 cost; a=—-3sint

F= \/(mmzR)2 +(moR)’ (t - g) =9 V10N

2

mv
COME :

=mgh

If resultant acceleration, a, makes angle 0 with thread,
then asing = gsinf

> 2gh
acosq):vl—:li
g 150 ® . 71(lsin9)
ang = h = ¢=tan h

. Here the bob has velocity greater than /2 gl and smaller

than /5 ¢l . Hence the thread will slack after completing

semicircle.

A NETYN

COME: K, +U,=K,+U,

3
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;—m(3g1)+0:%mV2+mg(l+1sin9) ..... i)

Force equation at B :

2
myv

T+ inf=——- . il
mg sin R (i1)

1
Solving for T=0, we get sin = 3

Vp = 4/gl sin®

The particle will execute projectile motion after
tension become zero.

/l 1
V., = vsinQ = g?xg

mv mv’/R

mv
= mgt——,T =

14. T
ma: R

X

max __

min

= v=4 /5 m/s

15. For speed u, contact at top is lost.

2
mu,

= N+ =mg = (N=0)u,= \/E

2r

(a) For vertical motion; t= e

Horizontal distance

V2r
s=2u,t=2[gr x gr

(h) COME:

=2\2r

1_m(u0)2
2 3

+mgr =;—mv2 +mgrcos® .. @)

2

. myv ..
Force equation : N + =mgcos0 ...(11)

h=rcos6 = ==
=T1C0oSb = 27 T

T
a

net

T T

(c) ar+at|:\/(gsin6)2Jr(gcose)2 =g

17.

18.

19.

20.

. COME:KA+UA:KB+UB

1 1
0+mg(2R) + EkRzz Emvz+0+0(k:mg/R)

l’IlV2

= =5mg Force equation at B

2

mv 76
R e

= T,=mg+

a : Natural length
a: Initial elongation

2a : additional elongation

1 9a
COME : 5k(3a)2:mgx = Xx= ey
(above point of suspension)
dU d(2r’
Conservative force, F=— — =— (2r) =_ 612
dr dr

This force supplies the necessary centripetal
acceleration.

2
mv

1
=6rr = szZZB'r3

r
E=K+U=5r'=5x5x5x5=625]

WET: W +W,_ +W+W_=AKE
g f sp

1 1
+0—p,. 144+x)+0—- —kx*=0—- —mv?
0+0—p, mg(2.14+x)+0 2kx 0 2mV

= x=0.Im
Atx= lm,FSpﬁng:kx:2 x0.1=02N

1
F . =p,mg=0.22 x 5 x10=1.1N

Hence the block stops after compressing the spring.
Total distance travelled by block when it stops
=2+2.14+0.1 =424 m

At position B;
mg =Tcos6=k.A®.cosO

_2mg {a+;_
a Sm

a}cose

1
=2mgcotd = cotB= 5

I3
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WORK, ENERGY & POWER

a
(@ OB:acotOZE
(b) COME:K_.+U.=K +U/

ng) 271_ 2 1_ 2
. (V2a) =5 mvi+ > ka

1 (
+ + =
0+ mga 2><

(i) =>v=2ga

= 0+mgx=0+Mg (a2 +x% —

(i) K. +U.=K,+U, ( ks a)
i< the point of h 2mM

[ P is the point of greatest depth] = x:ma

2mg

= mga-&-%[T) (\/Ea)z

1 (2mg
:fmgx+5 P (a’+x*) = x=2a

24.

For constant length of string =v = u cos0

21. ForpartAB:(R=4a) COME :
[Vojt_n - [Ej ! V1 10
20 =5 = t,=4 2V, mgx 5= mvitomu = u= e
0 ail m/
a S v=ucosb = T— m/s
Forpart BC: (R=3a) = t,=3 [F} V41
0
na 25. Initial elongation in each spring
ForpartCD: (R=2a):t,=2 [_j
3 2V0 Mg Mg
== =20cm
R [_] ol R
Forpart DA : (R=a)=:t,= 2v, )
5ma Total initial length of each spring
ELFLTLHE= =50+20=70cm

22. COME:K +U=K,+U, < i §

Equilibrium position =2 kx =mg

100
X =
2x500

and due to inertia it goes

= 0-|-Mg><R1 =10 cm

1 , 1 2
=0+mg(/5 —1)+-Mu +—m(ucos0)
(\/_ ) 2 2 10 cm alsoup=20m

= u=3029m/s
23. COME:K +U =K +U,
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1 1
26. COME: EmuZZE mv?+mgL ( 1+sinf) .. (1) 20, .

at ) = t=2sec

k]

Loee® om
2 2 @~
2
. . mv

For equation = T + mgsin0 =

. 2R
.. Average velocity = — =1m/s

. ) L
Since the particle crosses the —

8 EXERCISE - §

Part#1 : AIEEE/JEE-MAIN

line at its half of its range

2 .
v sm@.cosGZLcose_E (i

. N
o g 1. Spring constant (k) =800 ey

Work done in extending a spring from

1
= cosO:E = 9=60°

1 1
X, t0X,=U~U,= EkX§ —Eka
L 343
From equation (i) = u=4/gL 2+T . .
W = Ek[xg -X} ]= =% 800[0.157—(0.05)]
27. WET =W _ +W,_+W, +W,=AKE
2 2
15 5 400
[ S T,
{ 100 100 0000 225231
400 x200
mgcoso a 10000 a
s 2. k=5x10°N/m

-mgR+0+W_+ I (nmgsin 0.RdO) cos180°=0 1

0 W:—k[xi —xf]
:>WT:ng(l+u) 2

28. WET: W, + W, +W, +W,=AKE W:%XS x10° [(10 x107)~ (5 XIO’Z)z}
2
= [o_lk(_L) }{mgsmex L }ro )
2 \sin® sin 6 W:5><5><103><104[100—25]

1
—umgh cot® = —mv’
2 _75x5x107" 75

=—=18.75N-m
2 1. (hY 2 4
= v=4]— mgh——k(.—) —umghcot6
m 2 \sin6 3.

Power=FV = constant i.e., mav=k

29. The string can break at the lowest point dv
=av=k = Ejv_kl = vdv=k,dt

mvy,
Tmax = mg +
R2 On integrating both sides, we get
0.5
= 45=5+-—> " 2
0.5 Tkt = v =2k = v=2kg”

COME: v; =v; +2gR

k 3/2
_ 12 — 2 |432
v§:40—2><10><;—:3o =ds=k,t""dt =s (3/2]t = st

S V(z) 30 3 s 4. HereF « x, by using work energy theorem
=—=———=—=15m
max 2

g 2x10 2 AKE:ZdX=>AKE°C de:> AKE oc x?
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WORK, ENERGY & POWER

v
Given that accelerationa = —- (1)
1
Power=Fv P=(ma)v

P = (ma’t) [-v=at]
(mv?) [ v }
P= L |t| on replacing a=—-
) t,

Work done in pulling the hanging part of the chain upon

mgl
the table = T

0.6 m=1

v

where m = mass of the hanging part

1 = hanging part of chain
10x(0.6
W:(éxo.ﬁjx%:m J

According to work-energy theorem,
W=AK
1

2
1
Casel: —F x3 =—m[v—°j ——mv,
2 2 2

where F is resistive force and v, is initial speed.

Case II : Let, the further distance travelled by the bullet
before coming to rest is s.

- fF(3+s)=KffKi=flmvf)
2
[ L
= fgmv0(3+s)=75mvo

3 s
or _+Z:1 ors=1cm

1
or r (B3+s)=1 4

Momentum would be maximum when KE would be
maximum and this is the case when total elastic PE is
converted into KE.

According to conseration of energy

1 1
—kI? = =MV
2 2

= kI’ or MKL?=7p?

_ oy > o

= p=LJVvMk

‘o,

10.

11.

12.

Applying work-energy theorem at the lowest and highest
point, we get

W+ Wy +W_ =AK

W.+0+0=K-K,

1
W (Gravity) = 0 — EXO'I x 25
Wiy = 1257
4 2
V(x)=(x——x—)
4 2
For minimum value of V,
dv 3
D oo B 2X o x=0,x=4I
dx 4 4
S
0 Vi (=2 = 5075 =

Now, K. +V_. =Total mechanical energy

1 9
= K :(_j+2 or K .=~
max 4 4

or ——==—0r v=—=ms"'
2 4 2

Applying work-energy theorem,
AL

Work done by F from Ato B

= Work done by Mg from A to B
F(®sin45°)=Mg® [1 —cos45°]
F=Mg(\2-1)

Uy

F
a:—k:£:7.5 m/s® .
m 2

Now, ma :%kxz - 2x7.5:%x10000x><2

or x*)=3x10° or x=0.055m or x=55cm

3
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13. Question is somewhat based on approximations. Let '

14.

15.

16.

17.

mass of athlete is 65 kg.
Approx velocity from the given data is 10 m/s

65x100

So, KE =3250J

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

u- 2 _b
X12 XG
dU a 6b 2a)"°
F=——=+12———=0 :(—]
dx x? X =X b
Ux=0)=0
a b b’

Uequilibrium = (2&]2 - (272[) 4a
b. b

PP (.
U(X OO) Uequlllbrlum 4a 4a
1
- 2ot
> mu- o
do -5
:>—0Ct2
v =

Given same force F=kx, =k,x, = —=—

1
7k1X12
As —Lt>1 so % >1
2 Ekzxg
X1 k2
= >1 = —>1
Fx, k,
-k, >k, statement 2 is true
OR
i x,=xX=X
1 2
w2 NN Kk,
W, %szz K,
Wl _ Kl
W, = K, <l
S W <W,

statement 1 is false

mx3.8x10"x02=W
=(10%x9.8%1)x 1000

m=12.89x107kg

Part # 11 : IIT-JEE ADVANCED

1.

dm d |
Force = vx——=v x — (volume x density)

dt dt
d dx 2
=v—(AxXxp)=Vvx Ap— = Apv
Vg Axxe) Pac~ P
Power =Force x velocity
=(Apv) (v) =Apv® .. Power o v°

dU

F=_
dx

-.dU=-Fdx

[ du= —i(—kx+ax3)dx or U(x) :kXTZ_%

Let potential energy U(x)=0

Xz( aXZ\
-2 (%)

. f2k
x hastwo rootsvizx=0andx= ,|— .
a

2
Ifk < % _PE. will be—ve or

f2k
when x > a P.E. will be negative.

» F=-kx+ax’ SAtx=0,F=0,
Slope of U —x graph is zero at x =0.

f2k
Thus P.E.iszeroatx=0and atx = ,|—
a

Slope of U —x graph, at x =0, is zero.

Mechanical energy is conserved in the process.
Let x=Maximum extension of the spring.

1
Increase in elastic potential energy = Ekx2

Loss of gravitational potential energy = Mgx
1. >
Mgx = Ekx or

The gravitational field is a conservative field. In a
conservative field, the work done W does not depend
on the path (from A to B). It depends on initial and final
points.

W=W,=W,

I3
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WORK, ENERGY & POWER

8.

For conservative forces,

X X 2
AUIAIFdx:—kadxorU@)fUm):fkg—
0 0

But U(0) =0, as given in the question,

_kX2 or X2= _2U(X)
k

It represents a parabola, below x—axis, symmetrical about
U—axis, passing through origin.

U(x)=

Energy conservation gives
v2=u?-2g(L - L cos0)

Al5gL

L
or =5gL-2gL (1-cosB)

5gL
or5=20-8+ 8 cosO or cosO
7 3w
=_ — — <0<
8§~ 4 "
Tsinb = me? (Lsin0) = T=mao’L
T
(’Omax:\/ i =\/ 324 =36 rad/s
mL 0.5x0.5

According to problem particle is to land on disc.

—

ot n

| Rsinot

Rot

If we consider a time 't'
displacement is Rot
Rsinwt < Rt

Thus particle P lands in unshaded region.

then x component of

For Q, x-component is very small and y-component equal
to P it will also land in unshaded region.

‘o,

B

10. Itis acase of uniform circular motion.

12.

Velocity and acceleration keep on changing their
directions. Their magnitudes remain constants. Kinetic
energy remains constant.

(i) For circular motion of the ball, the centripetal force is
provided by (mg cos6 — N)

mv’
mg cosd — N = (

R+§j
2

By geometry, h= (R + g] (1-cosB)

By conservation of energy,
Kinetic energy = potential energy

%mv2 —mg(R+§j(l —cose) or

v =2[R+g}(l —cosG)g

From (i) & (ii), we get total normal reaction force N.
N =mg(3cos0—2)
(ii) To find N, and N,

For graphs :
From (iii), atA,
N, =mg(3cos0-2).... (iv)
(i) IfN,=0,
lLe. AtA,N=0,
0=mg (3cosb —2)

2
or 3cos@220rcos6:§

When N, becomes zero, the ball will lose contact with
inner sphere A. After this, it makes contact with outer
sphere B. When 0 -0, N,=mg

The N, versus cos 0 graph is a straight line as shown
in the figure.

A
N,

NG s :

773 cose

3
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(ii) To find N, :

2
Consider : cos6 > ;

The ball makes contact with B.

2
mv

R+g
2

N~ (-mgcos0) =

2
mv

R+(d/2)

N, +mg cosO =

(V)

Sphere B

By energy conservation,

lmv2 =mg [R+g] —[R+gj cos®
2 2 2

2
v 2mg(l—-cos®) .. (vi)
d
R + )

or

From (iv) and (v)
N, +mgcos0 = 2mg — 2mgcos0
N,=mg(2-3cos®) .. (vii)

2
When cos6= ? ,N,=0

When cos 0 =1, N, = 5 mg.
Thus the N, — cos 0 graph is
as shown in the figure.

13. mg-T=ma
T-mg=ma
(m, =0.72kg ; m,=0.36 kg)

10
From (i) and (ii) a= ?m/s2

gL o s
23 3

10 10
V:O""_Xl:? S

W, =81

14. By using work energy theorem (W = AKE)

1 1
—umgx ——kx* =0 ——mV?
umg 5 >

x=xa,F=0atx=+a

()272 A2

X=-a

pu oY [x 1(x)]_ U
DU=5" 123G |73
ATx=-a
4 U U y
-1 X0 __ *o
Y 3 2 3
Atx=a, \ U0 )
2 U, U, \
V=333 072
1 3
_7"_3:0
a a
1 2
— =3 =x==a
a a

I3
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WORK, ENERGY & POWER

—EETTE ——

| B __—F

Consider the blocks shown in the figure to be moving
together due to friction between them.

The free body diagrams of both the blocks are shown
below.

AL,

fwz:lIl !

f,
Work done by static friction on A is positive and on B
is negative.

The work done by man is negative of magnitude of
decrease in potential energy of chain

L/4

From conservation of energy

1
KE.+PE.=EorK.E.=E- 5 kx?

CE e [E o o [E
E.atx=—qf7 s x=—qf7

. 2E
The speed of particle at x =— ) is zero.

If Amoves down the incline by 1 metre, B shall move

1
up by 5 metre. If the speed of B is v then the speed

of Awill be 2v.
From conservation of energy:
Gain in K.E. =1loss in P.E.

1 3 1
> m, (2v)* + > m, v’=m, g x 5 My gx >
Solving we get

119
V=513 Ans.

Internal forces can not change acceleration of centre
of mass. Thus internal forces have no effect on ve-
locity of centre of mass.

The kinetic energy of system of two particles of mass
m, and m, having velocities {7’1 and {/)2 , in centre of

mass frame is:

Internal forces change velocities 51 and \}/)2 and

hence kinetic energies of constituent particles of the
system. Thus internal forces change kinetic energy
of the system in centre of mass frame.

only (i) is correct.

Initial extension will be equal to 6 m.

1
Initial energy = 5 (200) (6)>*=3600 J.

1
Reaching A : 5 mv2=3600]J

= mv2=7200]J
From F.B.D. atA:
mv’ _ 7200

N= ““— =1440N
R 5

From given graphs :
3 3 3
aX:Ztanday: (ZtJrlj = VX:§t2+C

Att=0:v =-3= C=-3

3
.v.=—t2-3
v 3
3.,
= dx= gt -3 |dt e (D)
.. 3,
Similarly ; dy= (gt t+4jdt e (2)

3
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As dw=F.ds = I;.(dxf+dy])

Joo G S e

wW=10J

Alternate Solution :
Area of the graph ;

[acdt=6 = Vior ~(-3) = v, =3,

©f

mf

and ja dt =-10 = V(y)f (4) =v_=-6.
Now work done =AKE=101]

D D

/7 1\p B

AI t— AI

t— Al t

The above graphs show v —t graph from a — t graph &
Then v2 —t graph, which are self explanatory.

L ou . A 2 2 A

9. f=-— ifa—U j=—[6i]1+[8] j=—61+8]
ox oy

a=-3i +4] has same direction as that of

r —3i+4] (&)
r_ _(a
2 2

151=5 = |l|=52

. I I . Y o o .
Since u and a are in same direction, particle will
move along a straight line

1

+ = x5%x22=5+10=15m. 15 m. Ans

L S= >

X2+

N | i

10. Statement I : Work done by gravity is same for motion
from A to J and B to M for equal mass. So K.E. will be
equal.

Statement IT : Acceleration =g sin 0
sin 0, > sin 0,
h h
v
Statement I11 :
Wg +W_ =0 (Because moved slowly) W_ =-W
fromBto O : W, is positive so W_ <0

11. Let at any time the speed of the block along the incline
upwards be v.
Then from Newton’s second law

P . mdv
——mg sinf — umgcosd = ——
v dt

\%
the speed is maximum when mn =0
P
A .
M- mgsin O+ pmgcos 6

12. x=x, and x = X, are not equilibrium positions because

% # 0 at these points.
dx

X =X, is unstable, as U is maximum at this point.

13. Letv be the speed of B at lowermost position, the speed
of A at lowermost position is 2v.

From conservation of energy

1
% m(2v)’ + % mv’>=mg (2@)+mg®.

6
Solving we get v = 4| ggl .

B . mg
14. Atequilibrium position x = T
U =l oLy [me) mex
spring 2 2 k 2

= %(loss in GP.E) = G=2S

u uu u A A

15. dU= —F.ds=- F.(dxi+dy})
. ou ou
Also by reverse method using F_= X and F =Ty

only (B) option satisfies the criteria.

16. As long as the block of mass m remains stationary, the
block of mass M released from rest comes down by

M
Tg (before coming it rest momently again).

Thus the maximum extension in spring is

2Mg
=— 1
x= g (M
for block of mass m to just move up the incline

kx =mg sin 6 + pmg cos 0

SN DU ST SRRV S
g=mgx o+ ymgx o or M=7m ns.

I3
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17. F Y =sin(x+y)F U sin (x +y)
* ox Y oy

1

F =sin(x+y) | —

(0)1‘[/4)

F, =sin(x+y) J =

(0;{/4)

o -]

18. Inthe frame (inertial w.r.t earth) of free end of spring, the
initial velocity of block is 3 m/s to left and the spring
unstretched .

S-S

4kg .—tnm{n* initial state

THTHTTTTTHTHTHTHTTHTT //////////////////////////////////////
| maximum

3m/s
S

! tension
—STETTEEE
kg 1 state
[T T /////////////////////////////////////
A :

Applying conservation of energy between initial and
maximum extension state.

1 /
—mv>= kA2 or A= m
2 k

19. The force is constant and hence conservative
W, =W,

10000

mg
k
Just after collision of B with A the speed of combined

20. The initial extension in spring is x, =

.V
mass is —.
2
For the spring to just attain natural length the
. . m
combined mass must rise up by x,= Tg(sec fig.) and

comes to rest.

natural length of spring

- - velocity =0

initial state

Applying conservation of energy between initial and
final states

21.

1 v2 1 mg2 mg

— —_ + — — — —=a

22“‘[2) 2k(kj zmg(kj
mg’

k

=)

Solving we get v =

Alternative solution by SHM
v_ |k [(2mg) (mg)
2 2m k k ’
[ 2k \/3m g’ \/6mg2 |
v= =
k

(A) Area under P—x graph = _[pdx - j(m(:i_:j\/dx

Aliter :

22.

v 3 A4
_ [mvay _|mv_| _ 10 3
J ] "7 D
1
from graph ; area = ) (2+4)x10=30
7%3 *-1)=30
v=4m/s
from graph
P=02x+2
v
or mv5;_ v=02x+2
dx
or mv2dv=(0.2x+2)dx
Now integrate both sides,
10
jmvzdv — vf(02x+2)dx — v=4m/s.

1

The speed of the water leaving the hose must be

J2gh ifitis to reach a height h when directed verti-

cally upward. If the diameter is d, the volume of water
ejected at this speed is

1
(Awv)= anzx 2gh =z

. 1 k
= Mass ejected is anz X 4f2gh xp %
s
The kinetic energy of this water leaving the hose

2
mv: =

% éndzx(Zgh)”xp =21.5kW

3
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23. From work energy theorem
for upward motion

% m (16)?>=mgh + W (work by air resistance)
for downward motion

1
) m (8)?=mgh-W

% [(16)*+(8)*]=2gh or h=8m

24. When 4 coaches (m each) are attached with engine (2m)

according to question P =K 6mgv

(constant power), (K being proportionality constant)

Since resistive force is proportional to weight

Now if 12 coaches are attached
P=K.14mg.v,

Since engine power is constant

So by equation (1) and (2)

6
6Kmgv =14Kmgv, =v, = 14 %

A LN
= 14 = 7 = 7 =V, =o. S€C

Similarly for 6 coaches = Ko6mgv = K8mgv

2

6 3
=>V,= g x20 = ZXZOIISm/sec

25. The work done by force from time t =0 to t =t sec. is

given by shaded area in graph below.

Hence as t increases, this area increases.

N/

0 t ot
Work done by force keeps on increasing.

26. Increase in KE = work done

1 , 1 2Ex, 1
Emvzfamx T :E(2F0+F0)3x0

11E,x
= v,= ’/—r; e

27.

28.

29.

30.

1
mgl = Emu2:> uw=2g

vi=u?+2as = 0=2g-2a(3)

9

9 : . 1
=a=, = Frpg=a LM ET Y T

3

Let m be minimum mass of ball.
Let mass A moves downwards by x.

From conservation of energy,

1
= —kx?
mgx 2

)

For mass M to leave contact with ground,

kx=Mg
2mg ) M
K(T)—Mg:m— 5
Wspring —"_\AZIOON:Ak (OHA)

10
W, .o +(100) (1 ooj = @)@y

W =4-10=-61]

spring

I w
Since ;W = _[F.dr

Clearly for forces (A) and (B) the integration do not
require any information of the path taken.

3(Xl+yj 2 2
(dxi+dyj)
For (C): W_= j(x +y 3/2
xdx + ydy
= 3I(X2+y2)3/2
Taking : x> +y?>=t
2xdx + 2y dy =dt
dt dt/2_ 3 dt
:>XdX+ydy: ? = WC: '[t3/2 - 2 t3/2

which is solvable.

Hence (A), (B) and (C) are conservative forces.

But (D) requires some more information on path.
Hence non-conservative.
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WORK, ENERGY & POWER

31. Free body diagram of block is as shown in figure.
From work-energy theorem
W...=AKE
or (40-20)s=40

L s=2m 2kg
Work done by gravity is
—20x2=-40]J
and work done by tension is
40x2=8017J

T=F=40N

mg=20N

32. If the springs are compressed to same amount :
— 1 2. — 1 2
W, = E K, x*; W, = E K, x
> K, >K, = W, >W,

If the springs are compressed by same force.

F F W
F=K, x, =Kgx,; XA:E; XB:E ; WA
B
g B
_2 VKK
TP K,
2 K}

Hence, W, <W_

33. (A) If velocity and acceleration are not in same direc-
tion, work done by force perpendicular to accelera-
tion will not be zero.

(B) If the object is at rest no force can do work.

(C) If force is perpendicular to velocity work done
will be zero.

(D) If the point on the body has velocity component
in direction of application of force work done will be
non-zero.

34. From the figure-1 work done by gravity from t =0 to
t=t is W=mg(h -h)

at t=0

fixed horizontal surface

Since initial and final velocity of ball is zero its
average acceleration will be zero.

Since net work done is zero from time interval t= 0 to
t = t,. Hence work done by forces except gravity is
mg(h,—h).

' 35. U=3x+4y
F,  —(dU/ox)
a = —_— =
Y 'm m
F —(ou/
aX:_Y:—( 8y):74:>|ap|:5m/s2
m m

Let at time 't' particle crosses y-axis

1
then— 6= 2 (-3)t2 = t=2sec.

Along y-direction :

)
A= (-4)(2)=-8

= particle crosses y-axis aty =—4
At(6,4):U=34&KE=0
At(0,-4):U=-16 = KE=50

1
or o mvZ =50 = v=10 m/s while crossing y-axis

36. Maximum extension will be at the moment when both

masses stop momentarily after going down.
Applying W-E theorem from starting to that instant.
ki—k=W, + W +W

ten®

0-0=2M.gx+ [—%szj +0

4Mg
<= &8

K
System will have maximum KE when net force on the
system becomes zero. Therefore
2Mg
K
Hence KE will be maximum when 2M mass has gone

2Mg
down by w

2Mg=Tand T=kx = x=

Applying W/E theorem

2Mg 1. aM’g’
;K.

ke, —0=2Mg. e

. 1, (4Mg)®  8M3g?
Maximum energy of spring = EK. m =K

Therefore Maximum spring energy = 4 x maximum K.E.
2Mg

w

1 4MPg* _ 2M?*g?

27 K2 K2

When K_.E. is maximum x =

Spring energy =

i.e. (D) is wrong.
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37. The maximum extension is non-zero, while the spring ' 49. Assume 20 kg and 30 kg block move together

50
a= E =1 m/s? f(force of friction)

39.

40.

41.

42.

44.

45.

46.

47.

48.

never undergoes compression.
Hence statement-1 is false.

. When frictional force is opposite to velocity, kinetic

energy will decrease.

Both the statements are true. The work done by all forces
on a system is equal to change in its kinetic energy,
irrespective of fact whether work done by internal forces
is positive, is zero or is negative.

Linear momentum is conserved only in horizontal
direction.

NetF_ on system s zero in horizontal direction therefore
linear momentum is conserved only in horizontal
direction.

\'A \A
_’
Smooth ground

mv =mv, L (1)
— 24 l 2 — h 1
5 my, 5 mvz =mgh ... (i1)
From (1) & (i1),

v,=10ms™".

. Applying W-E theorem on the block for any

compression X :

1 1
=AKE = Fx+0 - —Kx’=— mv>.

spring 2 2

WCX[ + Wg + W
= KE vs x is inverted parabola.
W_ . =F.x = linear variation

From beginning to end of motion : AKE =0
= x=2F/K.  (from W-E theorem)
.. first half corresponds to 0 < x < (F/K).

A-p;B)-p;(©O)-s;(D)—q

(Easy) Point J —— No equilibrium
K — Unstable equilibrium
L —— Stable equilibrium
M —— Neutral equilibrium
der F—T h
Change in velocity = fyoncet £9p

mass
40+ (-10)
=————— =6m/s
5
1
W, =AKE.= —(5)6* = 90]

f
30 kg F = 50N

frictional force on 20 kg block is
f=20x1=20N
The maximum value of frictional force

1
fp= 5 X200=100N

Hence no slipping is occurring.
The value of frictional force is f=20 N.
Distance travelled in t = 2 seconds.

1
S= 2 x1x4=2m,

Work done by frictional force on upper block is
W, =20x2=40]
Work done by frictional force on lower block is
=-20x2=-401.

50. (40)
51. Work done by force F
1 A A A A A ~
W= [ F.dx = (yi - xj) . (dxi +dyj) = (ydxi - xdyj)

Y x2+y2:a2

~ W = I(Y(%dyj—xdyj . jM dy

Soxdx+ydy=0

2

TLd _ ma
) Iaz_yz y 2

52. For the block of mass m,,
compression in the spring x_ should be such that

is

not to move, the maximum

kx,=pm,g e (1)

Applying work energy theorem to block of mass m,
we get

—mluzzlkx2+umlgx (2

2 2 o o

From equation (1) and (2) we get

Lz o lwimg’  pim, m, g’

2 2 K K

putting the appropriate value we get u=10m/s.

I3

Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035
+91-9350679141



