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EXERCISE - 1

Single Choice

0
1. Work =F.dr, Work =~ [(0.5)(5)Rd0 . F=mN
0
= [work]=(2.5)(R)2n)=-5]
2. By applying work energy theorem change in kinetic
energy = Wg +W

ext.P

0=mg(¢ cos37° -/ cos 53°)+W

extP

=50 % 10 1[g—§}+wm

W_, =100 joule

3. w=fd T
/2
Mg

4. By applying work energy theorem

2
AKE = f.d = m(KJL(KJtZ — AKE=20p
2

t )2\t |

5. For conservation force work done is independent of the
path

W+ W, =W, 3+4=W, =7]

AC?
6. By applying work energy theorem
1 v 1 1

Y 12
g My vk

_ 2 _ 2
3mv :—lkxz- K= 3mv

8 2 ’ 4x*
7. By applying work energy theorem AKE =work done by
all the forces

L 1, mv
New kinetic energy = Emvf =3
Vo V0
= Vy= = vIu—-ugt, = p=

2 2gt,

8. Slope of v—t graph Acceleration = —10m/s?
Area under v—t graph — displacement = 20 m
work =f.5=2(10) (20) =400 J
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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 V=E:>J.dX= ?J.\/Ed'[

2C t3/2
= _— 32
*“\mao2/3 7 X"t

By applying work energy theorem

1
7 mv>-0 = Wg +W,

for the second half work energy theorem change in
kinetic energy = W, +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—4t?+t}; v=—-=3-8t+ 3¢
dt
a=d o0 g1t
dt

4
W = jﬁ.dx - j3(6t —8)(3 -8t +3t?)dt
0

W=528mJ
OR
From work energy theorem

1 1 1 _
W= Emvg —Emvf :5(3 x107°)

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

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

None of these



WORK, ENERGY & POWER

14.

15.

16.

17.

18.

19.

2
v
a = K= — =Kk’rt’
r

dv
= v=krt =v=kit = a=—=kr

dt
P= [ma, .5 =mi(kr).(krt) = mk*r’t

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

0=W +W__
g spring ext agent
7Wg - (Wspring + ext agcnt)
AU = (Wspring t Wext agent ) [ AU = Wg]

P.E. - Maximum — Unstable equilibrium
P.E. > Minimum — Stable equilibrium

P.E. — Constant — Natural equilibrium

du
Force = ——— = —(slope)
dx

[ slope is—ve from E to F ]

Force =+ve repulsion

Force =—ve attraction

AU =mgh

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

muz

1
at highest point T =0

T—-mg =

sz

mg=——

L

(Vo) =u? +2(-g)x2¢
gl =u’—4gl
w=>5g/l

Put the value of u? in equation (i)

m(5g€)

, v =4/gl and v>=u?+2as

T-mg= =T=6mg

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

ext agent

0 1sz+F 2F
_1 «2F
2 X=EER

2F
Work done =
K

20.

21.

22.

23.

24.

25.

26.

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

When the string is horizontal

2
T=2" 0 LY
vi=u?-2gl
v2=15gl-2g(=3g/l mg
) u
- sz 3g€=3mg

So net force
:\/T2 +(mg)2 = \/(Bmg)2 +(mg)2 = \/E mg

By applying work energy theorem AKE = W,

0

1
Emvzzmg(r—b) = v=,2g(r-b)

As velocity is vector quantity

AV:\/vf +v5 —2v,v, cos0 [as0=90°]

Av= v} + V2

By applying work energy theorem velocity at z
1

5 mvzz—g mu?=—mgL

v =1 -2gL = Au=,/2(u® — gL)

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

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

Net force towards centre equal =

2
m v

X

mgcos 0 —N=
r

v = 4/rgcosO Y

By applying work energy theorem |

1 2
5 mrgcos 0 — 0 =mgr(1—cos 8) = cosd =3

Tension at any point T = 3mgcos6
Given 3mg cosO =2mg
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PHYSICS FOR JEE MAINS & ADVANCED

EXERCISE -2

Part # I : Multiple Choice

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

1 1
= 0+ Eklxz-i- Ekzx2

1 1 (sz 1 (sz
= —mv+—k|=] +=k|—
;o kly) tokls
1 2 1 2 1 2
= 5 (k= o mvto (ko

o E(kl +k, )x*
4 m

2. ForbodyB:mg—T=m(2a)

ForbodyA:2T-mg=ma = a:%

aB:2aAandaA:a

Velocity of B after travelling distance ¢

=+/2as =4fﬂ
5

. Vg gl
Velocity of A : i=% A5

3. Work done against friction = mgh = loss in P.E.
. Work done by ext. agent
= W, +APE
= mgh + mgh =2mgh

4. COME:K +U =K, +U,
1
0+mg(4R)= 5 mv?+mg (2R) = mv?=4mgR

Forces at position 2 :

2

N*m
R

—-mg=4mg—mg=3mg
5. COME =K +U =K, +U,

1
0+ mg/ (1-cos60°) = Emv2 +0=> V:\/&

6. W_=AU=U U*[E) (ﬁ) —mQZ* _Bmg;f
° man MY 2 8 4 - 2 - 8
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10.

11.

12.

13.

14.

COME: K,+U_ =K _+U_
1 2 1 2 .
Emv0 +mgr:§mvc +mgrcos® .. @)

Force equation at C

2
Ve

= N+ =mgcos® .. (i)

3
atC,N=0 = cosb= Z

F o MLg-mg

e

2E 1 )
Atx=— T; Etmal:EkX =U .. KE=0

T 1
W=AKE = !(—u,mg)drzo_zmvz - y= ,—ZQA

P =1 v=(m,-m)gv

inst ext

Equation of motion :

m, gsin37°-~T=m,a, and 2T-m_g=m_a_

g g
aA:ZaB:ZXE:g
v, =42a,s, = 2><gx1— %
v =V_A=ﬁ
BT o 2\/5

COME: K, +U =K +U,
0+lk 13 72*l 240
5 ( *)—ZmVA

mva k x 6%
N=—=a_""2
A R 5

=1440N
COME:K,+U, =K, +U,

1, 1
()+mg><25:§va +mg x15 = mv’ =20mg

2
mI;A —0=R=20m

ForcesatB:N=mg—

Conservation of mechanical energy explains the K.E. at
A & B are equal.

Acceleration for A = gsin0,

Acceleration for B = gsin0,

o sinf >sind, . a >a,

F_ and displacements are in opposite directions.
ext



WORK, ENERGY & POWER

15. Power = pQgH = pAv.gH =pA ,/2gH .gH

2
-10° x%xx/Z x10 x40 x10 x 40 (d=5cm)=21.5kW

16. Area of graph

:IP.dx = Imv.a.dx = Imv(\f—v) dx

X

_Imvzdv_m(vs—us)_10.(\/3—1)
Y 3 7x3
1

:§(4+2)><10:>V:4m/5

1
17. Forupward motion : mgh + th =g m x 162

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

18. For equilibrium : Ncos® =mg & Nsin0 =kx
= kx=mgtan6 (N =normal between m & M)

2.2 2
U:lkxzzmgtane
2 2k
FAS (3i+4j)(8i+6j
1o p_AW _FaS _(3i+4j)(8i+6])
At At 6
20. FormotionP - 0=K_ +U_ =K, +U,
For motionQ -0 =K' /+U' = KQ + UQ
= K, =U,; K =U=2U,=2K/
=ty 0= 2(2h./smoc) _t,
\/ gsina
2(h/sina)
P-0 gsina

1
21. WngWF:AKE:>—mgh—f.d:O—Emv2

1
-mgl.1 fumgd:fz mv? (u=0.6)= d=1.17m

: ... _2Mg
22. Maximum elongation in spring = K

Condition block 'm' to move is

3
Kx >mgsin37°+ umgcos 37° = M:g

23.
- W==mv?-0==m Xazs:lma =
. 2 2 2

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

a’t?

4

V=af:d—s:>s:
dt

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,

%mvg +O:O+mg€(1—cos60°):>voz7m/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

mg 1x10
= X=— =

k 0.2
Height from table =15 cm

=5cm

vi=v 242 (—pg)L
v, =/2ugl

Sum of KE and PE remains constant.

Forv=0,

I 1 1
W, =AKE= —mv* = > mGay'= - 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]

(O —%kxz)—i- (—pmgx) =0 —tmv® = v=8m/s

F= 3{ + 4} is a conservative force ie therefore
W =W,

Given v = Vgr
mv’/R
R=0
E
mg
mg- - c_, mg
R=W R=W
mg A mg

R=mg+mv’/r=2mg=2W
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35. To break off reaction becomes O,
2 2
v

= cos 0 :R_g (1)

i.e. mg cosd =

But from energy considerations

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

= v*=2gR (1-cos 0) usingitin (1)
cosB =2(1-cos 0)

2
= 0059:2720056:005925

/ 4
So sinf= 1——=£
9 3

. . . 5
Now tangential acceleration g sin = g——

3
1 .
36. Given Emvzzas2 ..... (@)
2 2
2
Soa=—=22% (i)
" R mR
dv dv ds dv
Alsoa=—=—"——"—=V—

—=v
dt ds dt ds

2a
But from equation (1) v=s, f;

Citaboves - o[22 [2a) _2as
put it above a = mk J ..... (iii)

m m

2 2 (2asz\2 2as)’
So thata= ya, +a;y = ) |
mR
2
i.e.azﬁ 1+(i]
m R

2
s
So force F=ma=2as,/1 + [E]

) 2mr .
37. In this case T = —— [for 1 resolution]
u

Alsoh = Sgt? 4/2h
S = — t= | —
SO 29 = g
2h 2mr u 2h
Butt=nT = ,f_:n— = n=5_4|
g u 2nr\ g
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38. Tension will be mg cos 6 at extremes but it becomes

2

mg cos 0 +

In the given situation by making diagram, we can shown

My?
that T — Mg cos 0= M

and tangential acceleration

=g sinf.

Part #11 : Assertion & Reason

D 2. A 3 D 4 B 5 A 6 C
A 8 A

~q

EXERCISE -3

Part # I : Matrix Match Type

du )
=——=30Ni

conservative dX

o

change in kinetic energy =2
[Area under (a—x) graph]
asmassis 1 kg = [80+40]=120,
1
Einitial - E MVZ: 8 J

(A) KE,=128]

(B) W_=fxd=30x8 = 240
(©) W, ,=AKE=120J
(D) Wcons+cht: 120’ Wcm:ileJ

2. Wg = force x (displacement in the direction of force)

1
W, =[10x o x2x16] =160 joule
. 1
w, = N.s =m(g+a) cosd EXZ x16 |cos6

= (12)x£(16)£
2 2

=12x12=144]J

w,= 13

=m(g+a)sind (16) cos (90 — 0)

1
=(12)x 16 x Z=48joule

W = Wg + W +W_=32joule



WORK, ENERGY & POWER

3. By applying conservation of momentum wedge will

. . mv . .
acquire some velocity =———— where v_is velocity of
M+m X

block w.r.t wedge in negative x-direction.
(A) Work done by normal on block is

i)
EM M+ m

(B) Work done by normal on wedge is

_ lM[ mv,
2 M +m

(C) Net work done by normal is =0

) is positive.

1
(D) less than mghas K.E. is < 5 m2gh,

KE, > KE is positive.

4. For v =24/5g/ , the bob will complete a vertical circular

path.

For ,/2g¢ <v<,/5g/ ,the bob will execute projectile

motion.

Forv < /2g/ , the bob oscillates.

Part # II : Comprehension

Comprehension # 1

1. N-Kxcos30°

—mg cos 60° =

As velocity of Ring =0
N =kx cos 30° + mg cos 60°

2. £ =(kcos60°) x+mgcos30°
_(2+3)mg 1 mgy3
2

2—-+3)R—
R (2-+/3)

2mg

BT

_EEPL

2 (V3
2g

a = 2acos60=a= ﬁ horizontal

3. By applying work - energy theorem

1 1 1(2++3)mg
- 2_()=—kx?:— 2 —— 2 1/
2mv 0 5 ,2mv 2 3

1

_m2

2 2[

Comprehension # 2

aR(2 -/3)
J3

S2-3R = v=

. 1
I. W=1fds >W=-mg [antzj

2. For the motion of the block in vertical
mg—N=ma, N=m(g-a)
W — _Na0t2 = _m(g —a,)a,t’
N 2 2
3. For observer A pseudo force on the particle is zero
wW=0

- = 1 ma’t?
4. W= fnet.ds:W:maEatzz 5

5. For observer A the block appears to be stationary
Displacement is zero hence w =10

Comprehension # 3

1. By applying work energy theorem

1 1
EMszOZWg = EMVZngfﬁ v =./2g/

2. \J2gl =./5g(f -x)

= 2gl=5g(l—x) = 5x=3/

L
= 5

3. Net force towards the centre will provide the required

centripetal force
2
mv
kx —meg =
X —mg R
m2g/l
kx —mg= 7 kx
3mg mg

=kx=3mg =>x= T

289
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Comprehension # 4

1.

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

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

—— 6m/s

fr £

>
L@t !

A

% = decreases, Vv

= Increases
upper er

low

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

l1 36+ll 16)=
5 (DGO + = (1)16)=w,

= -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-— EmvzzwS

As the kinetic energy of block is decreasing, therefore

1
work done by the normal is = ) mv?>
1 2
W =- 5 mv

W__=0 as for the B change in velocity is zero.
net

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

290

Comprehension # 7

1.

@

(b)

©

(A) W +W =AKE - 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
- {Emvz - o} ~ [-p,mg.50]

125

1
=5 x 1000 x 52+0.1 x 10 x 1000 x 50 = 1000 [T}

similarly, W_ [retardation = AKE — W,

friction

0 —lmv2 E
2 — [~ u,mg.50] = 1000 2

WeL | accelerated motion 125 5 5.3
W¢, | retarded motion 75 3 =

Maximum power =F xV

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?

<+«——a
for accelerated motion F‘_I:|
“ F,—1=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 Sm/s .

Hence maximum power at this point is

=1250 x 5 =6250 J/s.
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4. We have W = PAT,P = 18 x 10°V + 10* J/s
© P,=18 x 10° x 5 + 10* J/s and

2000m
AT = 5m/s =400s
P =18 x 10°x 10%)/s
2000m
and ATm:m =200s

W,  10%(9+1)x 400
W, 10*(18+1)x200

5. The time of travel in accelerated motion = time of travel
in retarded motion.

D C B A

" 50m 2000m  50m

\Y 5
TAB = TCD :;—m = 20 sec
. . . 2000
Now time for uniform motion = T = T =400 s
440
Total energy consumed = .[ Pdt
0
420
= j[18 10°v +10%1dt+ [ (18.10%5+10%dt
0 20
440
+ [ 18.10%V +10%)dt
420
20
420
= [ns. 103vclt+j1o4 dt+[105 }
20
0 0
440 440
+ | 18.10%vdt+ | 10%dt
420 420
Putting Vdt = dx and changing limits appropriately it
becomes
60
[18. 103dx+[104 } +105[420 - 20]
0 0
2100
440
v 18.103dx+[104J
2050 420

=18.10%.50 + 10%[20] + 10°-400
+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 107J
Comprehension # 8

_A B _du_2A B
v S dr S
(_ du_za B 2
Codr 2 2 == B

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

Given that
y_A_B __2A _AB* BB -B’
o T B T 4AT 2A 4A
BZ
= U=s0,AW=U-U, = —
4A
K.E.+PE.=TE,0+ — A_B_-3B
r? - 16A
2r,
By solving the above equation r = 3
Comprehension # 9
2
Balancing the forces T = +mgcos0 (1)
? R
Rcost) ! T
i
mgsme mg %,2*"“90039

From energy considerations

1
ngcosGZEmv2 = v*=2gRcosH

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

. - [z, 2
Also accelerationa, = 4/a; +a;

= \/(_2) gsme \/(290059)2 +(gsin9)2

:Qm =a _=g+l+3cos’0

Total

Now virtual component of sphere's velocity

v, =vsin® = \2gR+/cosB sin® *v
vsing
Applying maxima-minima

_,/ ( 253%16+x/cosecose
cos0
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2gR + cos0+/cosH
2+/cos0 }
sinZ 0

= =cos’® = tan’0= 2

= 0=tan'2 = tan®=+2

J2 1
sin® =—— and cos@=—
J3 J3

So

1
Thus tension T =3 mg cos® =3mg x \/g

= /3 mg

Comprehension 10
Using work energy theorem

m X 2g

x Rsin 0 + mgR (1 —cos 6) = %va (1)

2
m mv
g sin@ +

2
Also mgcos =

2
v = gRcos6 — ?gR sin 0 (i)

From equation (i) & (ii)

2

%Rsin9+ng(1 —cos@) =%(QRCOSO—29—gRsinej

4sin0 + 18 (1—cosB) = 9cosb-2sind
6sinf + 18—18c0s0 =9 cosH

6 sin@—27cosO+ 18=0

2sin@—9 cosB+6=0

U434l

NWQNm“““Q‘N
Now let sinb = x so cos® = /1 — x?
Than2x—9 1 —x2 +6=0
. 3 . 4
Solving x = 5 sin® so cosO = g;e: 37°

Now putting 6 =37°

) 4R 4
1nu:h+Rcosez?+R><g
_20R+12R 32R
15 15

292

1.

2
From equation (ii) v2= gRcos6 = Rsin®

9
4 2g 3
- 2 23R«
ViSgRx oo Ry
_ R 4 2 10gR _2gR
“8 15 15 15 3

32R
15

ZQR 1 2
= [ St
3 T8

1
Now using S =ut + 5 at?;

2R
t can be obtained t = ?

EXERCISE - 4

Subjective Type

Heat generated = work done against friction
= (umg) (vt)=(0.2x2x10)x2x5=40]J

“49 cal=9.52 cal
A
Mgcos WMg =Mgsinf x AC = Mg x AB
\\ Mgsin W, =uMgcosd x AC x cos 180°
=-uMgx (BC)
D
B c
a\ G
E el

W =Mg(sina x DG + sin f x GF)=Mg x DE
W =—uMg (DG cos oo+ GF cosp) =— uMg(EF)

—ﬂngXBC (* BC=EF)
From WET, AKE will be same in both cases.
VC = VF

Blocks are moving with constant speed.

T=Kx
ER
<+—0

m.g

© mg=T=kx=f=pmg

1
Energy stored in spring = 5 kx2

19.6

2
1960) =0.0981]

*lXI%O [
2



WORK, ENERGY & POWER

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

1
— 2+_ 2
5 2mv 2kr .....

. mv
Force equation kr=mg+ ——
r

. 2mg
Solving we get, k= - 500 N/m

Work done by force = J Fdx

1/2

W= I nsinm xdx =

0 T 0

[—cosnx]l/2
Pttt |

T cos0=1]
=—C0S — Cos U=
2

Work done by external agent=—11J

2
Potential energy U =1 x [% - X] = é -X
For minimum U,
2

j—gz 27)( —1=0 and ?jTL; =1 = positive
Soatx=1,Uis minimum. Hence U_, =— % J
Total mechanical energy = Max KE + Min PE
= MaxKE= lmV2 =2 (—lj :i

2 max 2 2

/2 5
= v, = TXE:\/ng*I

As C falls down, A & B move up.
COME:K, +U =K, +U,

T A BoT
4
0+mgx=0+2mg (Jaz + %2 —a) = X= ?a

2
an:btzz%zvz bRt = a= bR
P=FV =mbRt

pes L:Pdt _ mbR(t*/2) _mbRt

fa

Let extension in spring be x; due to m,

10.

11.

12.

13.

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

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

.. m
therefore minimum value of m = E

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

m

R
s = V= JaR

mv’ _ 1543
R 2

1
0+ MgR= Emvz-i-

Forces at B = N =mgcos 60° +

0=3 (t+sint); ®=3 +3 cost; a=-3sint

F= \/(mcozR)2 +(moR)’ (t - g) =9 V10N

2

COME : =

=mgh

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

_ v? ~ 2gh
acos¢—7—7

lsin© . ((sin@)
tang = oh = ¢=tan" oh

Here the bob has velocity greater than ,/2g/¢ and smaller

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

semicircle.

A N

COME: K, +U,=K,+U,
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%m(3g€)+0: %mvz +mg(l+/(sin@) . @)

Force equation at B :

2
mv

T+ inf=— . il
mg sin R (11)

w |

Solving for T=0, we get sinf =

V= 4/g/sin B

The particle will execute projectile motion after
tension become zero.

o [E L
Vmin vsin 3 3

mv
=mght . 1=

mv’/R

4. T

X

max

min

mg

= v=4 /5 m/s mv?/R

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

2
muy

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

2r

(a) For vertical motion; t= q

Horizontal distance

J2r
s=2u t=2 x ——=2\2r
uO \/g g
() COME:

lm(UO)z
2 3

+mgr = Emv2 + mgr cos 0

2
. mv ..
Force equation : N+ —— =mgcos0 ..(1l)
r

—reos0— 12
=TICO0SuU = 271‘

(©) |5net a, +5t| = \/(gsin9)2 -1-(gcose)2 =g
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16.

17.

18.

19.

20.

COME:KA+UA:KB+UB
1 1
0+mg(2R)+ EkRzz Emvz+0+0(k:mg/R)

2

=5mg Force equation at B

2

Y =6mg

= T,=mg+

a : Natural length
a : Initial elongation

2a : additional elongation

1 9a
COME : Ek(Sa)zzmgx = Xx= o>
(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 = EmV2:3I'3

r

E=K+U=5r=5%x5x5%x5=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=1mF_  =kx=2x0.1=02N

ng
1
F, . =p,mg=0.22 x 5 x10=1.IN

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 = Tcosb=k.Al.cosb

_ 2mg [a-i— a
a sin 0

—a}cose

1
=2mgcotd = cotf= 5
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(a) OB=acoth= %
() COME:K_.+U.=K +U/

2mg

1 (
+ + =
0+ mga 2X

() =v=2ga
(i) K.+U.=K,+U,
[ P is the point of greatest depth]

= mga+%(2aﬂ) (\/ga)z

1 (2mg
:fmgx+5 . (a’+x*) = x=2a

21. ForpartAB :(R=4a)
()u-g = ome(2)
4a e 2 = t174 2Vo

ma
Forpart BC: (R=3a) = t,=3 [?}
0

ma
ForpartCD: (R=2a):t,=2 | 5, —

2v,
)
Forpart DA : (R=a)=:t,= 2v,
57a
R

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

= 0+MgxR,

:O+mg(\/g_1)+%Mu2 +%m(u cos0)’

= u=3029m/s
23. COME:K +U =K +U,

1 1
. ) () =y vt ke

24.

25.

I

= 0+mgx=0+Mg (\/az +x° —a)

2mM

= X:Mz—mz

For constant length of string =v = u cos6
COME:

10
1.64

1 1
mg><5:5 mv“rE mu? = u=

40
v =ucosO = ﬁm/s

Initial elongation in each spring

__ Mg _M3g_ o4

2 (kﬁ) kx,
2

Total initial length of each spring
=50+20=70cm

bl

Equilibrium position =2 kx =mg

100
X =
2x500

and due to inertia it goes

=10 cm

10 cm alsoup=20m
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1 1
26. COME: 5 mu?= 5 mv?+mgL ( 1+sinf) .. (1)

2

. . mv
For equation = T + mgsin =

L
Since the particle crosses the 3

line at its half of its range

2 .
(ysin®eos y oce-L i
g 8

1
= cosezz = 0=60°

3J§]

From equation (i) = u= 4/gL (2 + >

27. WET=W,_+W +W, +W =AKE

T
N

f,

5]
mg
mgcoso 0

n/2

-mgR+0+W_+ J (umgsinG.RdG) cos180 =0
0
= W, =mgR (1+p)
28. WET:W,+W _ +W +W =AKE

2
= [O—lk( b ) }-[mgsin@x b
2 \sin® sin

1
—umghcot6 = Emv2

2 1 ( h
= ,/—|mgh—-—=k
-V \/m{mg 2 \sin0

29. The string can break at the lowest point

:|+0
0

2
) — umgh cot 6}

mH
\me

: vﬁ=v§+2gR vV,
5 1
v, =40-2x10 x§:30

H *ﬁ*—go *2*15
max_2g_2>(10_2_ > m
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30. 2=

at ) = t=2sec

A

1 LA
2 g (@=

. 2R
.. Average velocity = (T =1m/s

EXERCISE -5
Part#1: AIEEE/JEE-MAIN

N
1. Spring constant (k) =800 o

Work done in extending a spring from

1 1
X, to X,=U,~U,= EkXﬁ —Eka

1 1
W = Ek[Xﬁ -X! )= = ¥ 800[0.157—(0.057]

15 (5 Y| 400

=400 (—] —[—) = ———[225-25]
100 100 10000

400 x200

~ 10000

2. k=5x10°N/m

w=ék[><§—xf]
W :%XS ><103|:(10><1072)_(5 ><10*2)2:|

w :%x5 x10° x107*[100 —25]

1
_75x5x10 75 18 75Nm
2 4

3. Power=FV =constanti.e., mav=k

d
=av=Kk :(d—:jv—kl = vdv=k,dt

On integrating both sides, we get

2

V?:klt = Vi=2kt = v=42Kt"

= ds = k,t"*dt :s—(ijt” = soct??
3/2

4. Here F o x, by using work energy theorem

AKE= [Fdx = AKEox [xdx = AKEwx
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v

Given that acceleration a = —- (1)
1

Power=Fv P=(ma)v

P =(ma’t) [ v=at]

(mv?)
P= kmvl )t on replacing a= \tl—l

t :
Work done in pulling the hanging part of the chain upon

mg/
the table = T

0.6 m=1

v

where m = mass of the hanging part

1 = hanging part of chain
10 x(0.6
W =(%x0.6] x%:Sb J

According to work-energy theorem,
W=AK
\Y%

Casel: -Fx3 1m( 0]2 1mv2
asel: — =—m|—-| ——
5 2 "\ g) TgMv

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

Case I1 : Let, the further distance travelled by the bullet
before coming to rest is s.

. -F(3+s)=K,-K, = %mvg
1 2 _ 1 2
= v, (3+s)= —5mvg

s
or —+—=1ors=1cm

1
or 1 (B3+s)=1 12

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

Lz - Imy
2 2
2
M
= kI’ :% or MKL*=p?> (s p=Mv)

= p=LvMk

9. Applying work-energy theorem at the lowest and highest
point, we get
Wet+t Wt W, , =AK
W.+0+0=K-K,

1
C(Gravity):()igxo'1 X25
WGravity = 71 25 J
( ) X4 X2
10. Vix =(———)
4 2
For minimum value of V,
dv 3
L0 B X k=0, x=21
dx 4 4
So, Vo, (x=tl)=—-2 =1y
0 Ve x=£D)==5 =7

Now, K.+ V,..= Total mechanical energy

=K = _)+2 or K .=+
max 4 4

or m_vz__ or v=—ms’'
2 4 V2

11. Applying work-energy theorem,
AN

Work done by F from A to B

= Work done by Mg from A to B
F(¢sind5°)=Mg/ [1 —cos45°]
F=Mg(\2-1)

Uy

F 1
12. a=—“=—5=7.5 m/s” .
m 2
1 2 l 2
Now, ma :Ekx = 2X7.5=5X10000><x
x=0.055m or

or x*=3x10° or x=5.5¢cm
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13. Question is somewhat based on approximations. Let
mass of athlete is 65 kg.
Approx velocity from the given data is 10 m/s

 65x100

So, KE =3250 J

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

14, U= -2
N X12 X6
duU a 6b (2a)”6
= —=412—-—=0 ===
F dx x? X’ =X b
U(x=m0)=0
a b b?

Uequilibrium = (Zajz - (22) 4a
b b

U(x =)~ Uequilibrium =0- [_Ej = 4_a

do 1 1
v = —xt? = F=maxt?=0x—
Vt= 5 7
. k, x,
16. Givensame force F=kx, =kx, = —=—
2 X

1 1
W, = Ekle & W,= Ekzxg

1
kyx]
As —L>1 g0 2 >1
2 §k2X§
F k
5o = —2>1
Fx, k,
.k, >k, statement 2 is true
OR
if  x,=x,=Xx
1.2
W, _gh K,
2 lKZXZ K,
2
wl _ Kl
“w, K, <!
S W <W,

statement 1 is false

17. mx3.8x107x02=W
=(10% 9.8 x 1)x 1000
m=12.89x 107 kg

298

Part # 11 : IIT-JEE ADVANCED

Force = v x 92—y« L (yolume x densit
orce = at =v &t (volume x density)

L Apv?

:Vi(AXXp): v xAp e

dt
Power =Force x velocity
=(Apv) (v) =Apv’ .. Power o y°

dU
F=-— .. dU=-Fdx
dx

B X k2 4
j dU = —i(—kx+ax3)dx or U(x) :%_%
Let potential energy U(x)=0
X[ )
0="5*"7%]

. f2k
X hastworootsvizx=0andx= ,|— .
a

2
Ifk < %,P.E. will be —ve or

|2k
when x > o P.E. will be negative.

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

{Zk
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 = EkXZ

Loss of gravitational potential energy = Mgx

1 2M
Mgx = Ekxz or x=2-2

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.

le WZ :W3
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@

For conservative forces,

X X 2
AU =~ [Fdx =—[kx dx or U(x)-U(0)=- %
0 0

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

ko -2U(x)
k

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

Ux) =

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

Al5gL

gL
or T, = Sgl—2gl (1—cosB)
5gL
or5=20—8+ 8 cosO or cosd
=_ Z 3_7: <0<m
8 4
Tsinb = me? (Lsinf) = T=mao’L
T
o, =\/ e =\/ 524 _ 36 rad/s
mL 0.5%x0.5

According to problem particle is to land on disc.

—

ot é 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.

9.

10.

12.

B

It is a case of uniform circular motion.

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 cosd — N)

mv
mgcos —N=-——"7-+- .. (1)
d
2

By geometry, h= (R + %) (1-cosb)

By conservation of energy,
Kinetic energy = potential energy

%mv2 - mg(R +%] (1 —cos 9) or

v? =2[R +g](1—cose)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,
le. AtA,N=0,
0=mg (3cosb —2)

2
or 3cos@22orcos@2§

When N, becomes zero, the ball will lose contact with
inner sphere A. After this, it makes contact with outer
sphere B. When 6 -0, N, =mg

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

NA“
mg

213 cos0”
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(i) To find N, :

2
Consider : cos6 > g
The ball makes contact with B.
mv?

R+g
2

N,— (-mgcos0) =

2
mv

R+(d/2)

(V)

N, +mg cosd =

Sphere B

By energy conservation,

lmv2 =mg [R +gj —(R +g]cos(3
2 2 2

2
Y omg(l-cos®) . (vi)
d
R+ 5

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

2
When cos6= g ,N,=0

When cos 6 =1, N, = 5 mg.
Thus the N — cos 0 graph is
as shown in the figure.

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

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

L1105
2 3 3
v=0 +1—O><l:1—0 s
3
A :O.36X10xé+lxo.36xﬁ
T 3 2 9

W, =81

300

14. By using work energy theorem (W = AKE)
1 1

—umgx — —kx* =0 ——mV?

umg 2 2

Ly LM 1.2 4

o ‘

x ) \ /
U.atl[—j =0 1 — X
min a |

x=+xa,F=0atx==xa

BU,=5" | a2

x=.—a x=OX.=4).(a
by [x 1(xV]_ U
O U= 123G |73
ATx=-a
U
_4 Y% _ Y
432 3
Atx=a, \ Uo
2 U, U,
R
1 3
1 ¥,
a a
1 2
—=—5 =x=%
. T =X a
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B MOCKTEST oy

B _I—=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.
f
f, ‘
f< B

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
K.E.+PE.=EorK.E.=E- 5 kx?

/ 2E
The speed of particle at x =— o 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. =loss in P.E.

1 3 1
5 m, (2v)* + 5 m, v’=m, g X 5 mygx o
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 v, and v, , in centre of

mass frame is:

1 L . U 1 . . S
Eml (V1 _ch)' (V1 —ch)'i‘Em,z(Vz _ch)' (VZ _ch)
Internal forces change velocities v, and v, 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)*=36001J.

1
Reaching A : 5 mv2=3600J

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

N= = =1440N
R 5

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

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

3
Lv.o=—12-3
v, g
3.,
=dx= gt -3 |dt e (1)
. 3.,
Similarly ; dy= (gt t+4jdt e (2)
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As dw= F.ds = E.(dxhdyj)

o (o e

wW=10J
Alternate Solution :
Area of the graph ;
J.ax dt=6 = Vs —(3) = v _ =3.

f
and J-a dt =—10 = V(y)f (4) :>V(y)f - 6.

Now work done =AKE=101]

D D

1/, 1\bp B

Al t—> AI

t— Al t

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

U » U s (671418]F=—6]+8]

9. f=-2
ox oy

a =-3]

_ 3i+4) (d
u= = —
2 2

lal=5 = [ul=52

+ 4] has same direction as that of

Since U and a are in same direction, particle will
move along a straight line

1
— x5x22=5+10=15m. 15 m. Ans

L S= >

X2+

| i

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

Statement IT : Acceleration=gsin 0
sin 0, > sin 0,

h h

L 20

Statement 111 :

W, +W_, =0 (Because moved slowly) W_ =—-W
fromBto O : Wg is positive so W_ <0

302

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 sin® — umgcosd = ——
v dt

. . v
the speed is maximum when — =0

dt
P
mgsin 0 +pmgcos 6

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

du .

— # 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)>+ Y mv?=mg (2/) + mg/.

) 6
Solving we getv= ggf .

e . mg
14. Atequilibrium position x = T
1., 1. (mg mgx
U, .. =—-kx==k|—| x=
spring 2 2 k 2

= %(loss in GPE.) = G=2S

15. dU= —F.ds=— F.(dxi+dy))

ou ou
- andF = -
oX

Also by reverse method using F_= oy’

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 6

g S+ g o= dm A
g=mgx o+ ymgx o or M=7m ns.
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17. F AV =sin(x+y)F U sin (x +y)
* ox Y oy

1

F =sin(x+y) | —

(0,7/4) -

F =sin(x+y) J =

(0;(/4)

- [i+1]

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 .—fn‘mn']f* initial state

THTHTHTTHTHTHTHTTTTHTTT //////////////////l///////////////////
i maximum

! tension
— TS
kg | state
T T T LTI TR TTTTTTTTITITIIT
le——]

A |

3m/s
VS

Applying conservation of energy between initial and
maximum extension state.

1 f
—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

1 v 1 mg 2 mg
2m(5) + 3k (5] -me %)
6mg’

k

Solving we get v =

Alternative solution by SHM
2mg)"_(me)
k k)~
, 2k \/3ng2 \/6mg2
V=4 2 ]
m k k

21. (A) Area under P—x graph = Ipdx — I(m%dex

v_ | X

2 \'2m

v 3 v
_ [mvay — | ™| _ 10 3
! { 3 T D

1
from graph ; area = 3 (2+4)x10=30

=3 (V=1D=30

v=4m/s
Aliter :
from graph
P=02x+2
v
or mv5_ v=02x+2
dx
or mv2dv=(0.2x+2)dx
Now integrate both sides,
10
jmvzdv _ j(o 2x+2)dx
1

= v=4m/s.

22. The speed of the water leaving the hose must be

4J/2gh 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 =

1
= Mass ejected is anz x 4/2gh xp g
S
The kinetic energy of this water leaving the hose

2
mv: =

% éndzx@gh)”xp =21.5kW
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23. From work energy theorem
for upward motion

1
2 m (16)*> =mgh + W (work by air resistance)
for downward motion

1
7 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 %

Y LU SN Y
= 14 = 7 = 7 =V, =o. s€C

Similarly for 6 coaches = Ko6mgv = K8mgv

2

6 3
= szg x20 :ZX20:15m/sec

25. The work done by force fromtime t =0 to t =t sec. is
given by shaded area in graph below.

Hence as t increases, this area increases.
P

r i
i -

t

0 t 1
Work done by force keeps on increasing.

26. Increase in KE = work done

1 , 1 2Ex, 1
3 mv, 5 mXx m 2 (2F,+F)) 3x,

11E x
= v,= ,/—rfl e
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27.

28.

29.

30.

1
mgl = Emu2:>u2:2g

vi=u?+2as = 0=2g—2a(3)
I 29 1
Az g = UKETa L wgsT g L =g

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

From conservation of energy,

1
mg :Ekxz

(2]

For mass M to leave contact with ground,
kx=Mg

2mg ) M
K(Tj—Mgim— 5

W +W

spring

W__+(100 100
spring ( ) 100 -

W =4-10=-61]

spring

=Ak (onA)

100 N

1
@0

Since ;W = chTr

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

3(xf+y]) 2 2
For (C): W = | 7% 5377 (dxi+dy]j)
or (C) . (x2 +y2)3/2
xdx + ydy
= 3.[(X2+y2)3/2
Taking : x>+ y*>=t
2xdx + 2y dy=dt
dt dt/2_§ dt
:>XdX+ydy:? = Wc: It3/2 _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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31.

33.

34.

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

L s=2m

T=F=40N

2kg

Work done by gravity is
—20x2=-40]J

and work done by tension is
40x2=801J

mg=20N

. If the springs are compressed to same amount :

1 1
WA:E KAXZ; WB:E KBX2

K, >K, = W, >W,
If the springs are compressed by same force.

F F \\%
F:KAXA:KBXB; XA:E; XB:E : WA
B
1, F
_2 YK Ky
P K,
2 K]

Hence, W, <W,_

(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.

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/ ~
a=—> = M274 = |a| =5 m/s?
m m

Let at time 't' particle crosses y-axis

1
then— 6= > (-3)t? = t=2sec.

Along y-direction :

1
Ay= (-4)(2)=-8

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

or — mv2=50= v=10m/s while crossing y-axis

2

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
(=28

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’
SK.

k; —0=2Mg. e

. 1, (4Mg)® 8M?*g?
Maximum energy of spring = EK. " =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
never undergoes compression.
Hence statement-1 is false.

38. When frictional force is opposite to velocity, kinetic
energy will decrease.

39. 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.

40. Linear momentum is conserved only in horizontal
direction.

41. NetF_ onsystemis zero in horizontal direction therefore
linear momentum is conserved only in horizontal

direction.
42. v, v,
_’
Smooth ground
mv =mv, L )
— 2 + l 2 — h 1
5 my, 5 mv,’=mgh ... (11)
From (1) & (i1),
v,=10ms™".

43. Applying W-E theorem on the block for any
compression X :

1 1
. =AKE = Fx+0-—-Kx’=— mv~
spring 2 2

= KE vs xis inverted parabola.

WCXt + Wg + W

4. W_=F.x = linear variation

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

46. (A)-p ;(B)-p ;(O)-s;(D)—q

J — No equilibrium

K — Unstable equilibrium
L — Stable equilibrium
M —— Neutral equilibrium

47. (Easy) Point

areaunder F—T graph

48. Change in velocity =
mass

_20+E10)

5 6m/s

1
W, =AKE.= (5)6* = 90]

F
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49. Assume 20 kg and 30 kg block move together

50
_ S 2| 20 ki
a 50 1 m/s f(force of friction)
f
30 kg F = 50N

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

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=5 x1x4=2m,

Work done by frictional force on upper block is
W, =20x2=40]J

Work done by frictional force on lower block is
=-20x2=-401.

50. (40)
51. Work done by force F

W= jF.dx = (y{ - xj) . (dxi + dyj) = (ydxi - xdyj)

CxPty*=a®  oxdx+tydy=0
— 2 2
L ow e (y(ﬂj_xdyj [y
a 2 2
=
0yai -y 2

52. For the block of mass m,, not to move, the maximum
compression in the spring x_ should be such that

kx,=pm,g e (D)

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

| NI S

Emlu zikxo-i-umlgx0 v (2)

From equation (1) and (2) we get

1o e twmig pmm, g’
2! 2 K K

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