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CHAPTER 1: WORK, ENERGY, POWER AND CONSERVATION OF ENERGY

Test Your Concepts-I 3. Wp=Tlcos¢
(Based on Work Done by a Constant and { :r}
. Wy =0 0=
Variable Force) 2
1. Method I Fr=-fl {0=n}
Let a be the net downward acceleration of the ball. W, = -mglsin
Then
f
v* —u? = 2ah
_ K
= k*(gh)-0>=2ah l,a‘_z
2
S =K8
2

If f be the air drag, then using mg
Newton’s Second Law, we get

mg— f=ma n

= f=mg-ma

2 500
= f=mg[1—%] W1=T[(0.15)2—(0.08)2]:4.03]
Now W; = flicos(180°) (b) W, =—(mgsin6)(x,-x,)
2 = W,=-(6)(9.8)(sin15°)(0.23)=-35]
= Wf = mgh[l 2] 01,04)
Method I s @ W= [ Fa
Since we know that (0.1,0)
W, =AU + Ak where F=-ax? and dF = dxi +dyj +dzk
= Wairdrag =(0_mgh)+[1mvz_0] (#1:24)
2 = W, = J —ox*dx =0

= Wi drag = —1gh + L (gh) (01,0)

2 (03,0)

K e 2N < 2(0006)
- L (b) W= j —oxtdx=-—(x =-—(0.026
= Wairdrag - mgh(l ) ] (01,0) 3 (0.1,0)
2. Wy =T, (0.1,0) (01,0)
2 ar 3 o
N © W= J —axtdx=-=(x*) ==(0.026)
4 03,0) (03,00 3
r
; :E ]_;7 6.  Using our knowledge of constraints we have

v x=8cotd

mg = dx=-8cosec’0df
Wy =0 {~0=90"} F=500N

WII 18 = 0

" 9=900
W; = flycos(180°) =1, A

——
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60°
I (Fcos®)dx

6=30°

Since, W =

o0
= W=J(SOOcosﬂ)(—Scoseczﬂ)dﬂ
30°

60
= W= —4000I cosBcosec’ 640

30°

But Jcos Bcosec” 6dO = Jcosec GcotOdo

= Jcosecﬁcotﬂdﬂ = —cosecH

W = —4000(-cosec) |§g

-
= W =4000[cosec(60°) - cosec(30°)]
= W=4000[1.155-2]
= W =4000(-0.845)
= W=-3380]

)
7. W:J.ﬁdF

A

where dr = fdx+;dy + kdx

i

= W=J.(szsﬁ'+2yf)‘(dxt?+dyf+dzlz)
i
)

= W:I(3x2dx+2ydy)=(13 +3’2)|(

4,6
(2.3)

n

= W=83]
(2,2) (2,2)
8. (a) W= J ~ay’dy = J —ay’dy
(0,0) (0,0)
(Along the path x=1v)
(2.2)
= W=-2(y*) =-alra=15Nm?]
47 oo
= W1=_6]

(b) Initially when we move along x-axis, the work
done is zero because the force is acting along
y-axis. Then along the path parallel to y -axis, we
canput x=2 to get

10.

11.

12.

(2.2)
(2,0)
(2.2)
201
Wy = -y
37 Yo
= Wy=-8] { @=15Nm?}

() As W, #W,, force is non-conservative in nature.

Since work done is equal to the area under a curve in
F-x graph. So

1 1 1
w=5(72)(710)+5(72)(10)+(10)(2)+E(2)(10)

= W=10-10+20+10
= W=30]

The work from x=0 to x =8 m is the area under the
curve.

W=(10x2)+%(10)(4—2)+0+%(—5)(8—6)
= W=25]
(a) W= Areaunder F-x graph
= W0_>3=%x2><2+1><2=4]
(b) Wi y=0
1
(C) W4_>7=_EX2X1=_1]

W,_,; is negative, because force is in negative
x-direction while displacement is towards posi-
tive x -axis.

(d) Wy,;=4+0-1=3]
Work done = Area under F-s graph

= W:%x4x10+(874)x10

- W=20+40
= W=60]



13. Since, dW = F-dF , where

di = (dx)i +(dy)]
= AW = —k(ydx+xdy)

ICON

Hints and Explanations H.5

Work done by the gravitational force is
W,,e = (mg ) (1) cos(0°) = mgh
Work done by the tension force is
nigh

Since, d(xy)=xdy +ydx
= AW =—kd(xy)

WT = ThCOS(1800)= *T

Test Your Concepts-Il

(a,a) (Based on Kinetic Energy, Potential Energy
. W=de=—k J d(xy) and Power)
(0,0) 1. P=Fv ;
= W=fk(xy)|(a'n) =—ka® -0 = —ka? 5 =L o
(0,0) v =
14. Since we know that work done is equal to the area Now, we have &
under F-s graph. F—f=ma=m(?} I
A t v
A . dv
10 b=--- At maximum speed, e 0
I
|
A11A2N\20 30 = F=f
0 10 a P s(m) P
R So, from (1), we get —=f
] Umax
R P
= Umax = ?
(a) Work done at the end of 10 m is the area under
the curve from 0 to 10 m. Further, since F =—
1
= W=A1=E(10)(10)]=5O] m(va_P
it) o

(b) Work done at the end of 20 m is the area under
the curve from 0 to 20 m .

= W=A+4,=50+50=100]

(c) Work done at the end of 30 m is the area under
the curve from 0 to 30 m .
= W=A+A,+A;=50+50-50=50]

15. The FBD of the block placed in the lift is shown in
Figure.

) Tm:(g) Ja
- () -(2)

Pm

= t=
8r?

2. (a) P=constant
T (by rope) = [p=P
_9 dv dv
a==
—-dm}--{3=2 Mp— =P F= —}
¢ dt dt
h
mg (weight) = modv = Pdt
- ,4:'-_1: v t
) - = mjvdv:det
According to Newton’s Second Law, we have
0 0
mg 2
—T=ma=—=
eI =M= - M _p
2
m
> T="% 2Pt
2 = v=,[—

m
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(b) Since, v=|"
m

dt m dt

= dx:ﬁfl’th
m
X 2P t
= J.a‘xz‘j:J.tl-"zdt
m
0 0
3N m 3
12 g t 12
ﬁ:(g) i.e.’ Idszj[ﬁ) dt
dt m m

00
which on integration gives

1, 12
s=(2p) gt?”"2 or s=(8P] $3/2
m 3 9m

From Work-Energy Theorem, we have
W = AKE

= Pt=%m(02—uz) {- W=Pt}

t=%(vz—u2) ..(1)
Further, Fo=P
= m(dv)v P
ds

Zd_x_P {@ dU}
dt Tt dx

= jr)zdv = 2J.d:c
m
0

= kv

= —_—=
P P -if

Substituting in Equation (1), we get

. 3x(u+0)

2062+ 0% +uv)

For t<0.2s

F=800N and U=(E]t=50t
0.4

= P =Fo=(40000 t)watt = 40 t kKW

For t>02s

A straight line with slope m= —8[%) =-2000 passing

through the point (x,y;)=(02, 800) is

Y=y =m(x-x)
F(N)

A

(0.2, 800)

800 [——Nslope = 2000
: »i(s)

0 02 04

Here x-axis is time axis and y-axis is force axis
So, we get

F—800=-2000(t-0.2)
= F=800-2000¢f + 400
= F=-2000¢+1200

Further v:(m]t= 50t
0.4

= P =Fo=(-2000f+1200)(50¢) watt
= P=Fo=(-20t+12)5t kW

40t for t<02s
So, P= )
-100t“+60t for t>02s
Now,P:d—W
dt
= W=IPdt
0.2
- W= J40tdt+_[ ~100£2 + 60t ) dt
0
202 t3 0.4 fz 0.4
= W= 40 100[ ]+60{— ]k}
3 o2 2 ln2
= W= {20 0.04)-— 0056)+30(012)]><1000]
= =(800- 1867+3600)]
= W=2533]

Since the collar is lifted with a constant speed of
0.6 ms™. So

Fcos@-mg=0
= Fcosf#=5(10)=50
50

= F=— (1
cos@ M
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[ ] ]
Now P=F-%
P=(ﬂ)(vc039)
cosf
= P=50p
= P=30W {+v=06ms™}

At constant speed, there is no acceleration, so the
forces acting on the train are in equilibrium.

= F=R=3x10"N

Since we know that P = Fv

= P=3x10"x40=12x10° watt

Since, Focx 2

dv

= g=p—=hk"?
dx

= ovdo=kx "dx
Integrating both sides, we get

) X

J.vdv = J‘x_l""zdx
0 0
2 1
- Lo
2
!
= peyxd
Since power is defined as
P=Fv

1
n 11 1 1

¥4 - = L
= Poc—1=I42=I4i.e.,P°€x4
x2
1
= n=--
4
Here the only force acting is F = (2+3x)i. So, body
starts moving along x-axis. According to Work-

Energy Theorem,

W=J.Pd5c=AK

5
= J.(2+3x)dx= %(5)1}2 -0
0

10.

11.

Hints and Explanations H.7

According to Work-Energy Theorem, we have
1
W=AK= Em(vz ~u?)

Given that m=0.5kg and v= ax\/:; =5¢%?

Initial velocity u i.e. velocity at x=0 is
u=a(0)=0

Final velocity v ie. velocity at x=2 is

3
v=5(22)=10ﬁ ms™!

2

= W=AK=%m(v —u?) ==(0.5)(200)

1
2
= W=50]

Since P =Fv, where F= ’UL;—T

If p be the density of wind, then %1 = p[ t.i;t/J

where, %/ is the volume of wind flowing per second

through the generator.
dV dx
Since —=A| — |=A
ince — ( " ) v

where A is the area of the generator through which
wind flows

dm _ (dV
at

= p E)=Avp

(0]
, ll_ sin (30°) = %
L S ZO A
|
I
I
=¥ reference line

Let the reference line pass through point of support as
shown.

= Uo=0

= Uy =—mg(§} and Uy =-mgL

F
[+ 4
L
-
o.
<
L
Vv
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L
= UO—UA=%=UA—UB

Up-Uys _
Up=Uy

1

12. Potential energy (PE) for a stretch of 20 cm is

13.

14.

U, =%k(0.2)2 =30]

_30x2

k =1500 Nm™
04

PE acquired for a stretch of 20+40 =60 cm is
U, = %x 1500 % (0.6)* = 1500 0.18

= U2 =270 I
Additional work required is
W=U,-U,=270-30=240]

Fresistive =20 Vmax
(in kN)

4 § ) Vmaxﬁ—} Fext

Power of engine is
P =50 HP = 50 x 746 = 37300 W
Let v,,,, be the maximum speed attained by the boat.

At v=0,,, acceleration of boat is zero, so net force
acting on boat is also zero.

= Fext - Fresistive =0
= F,=(20v,,,)1000 N
Since, P=Fv

= 37300 = (2000022, )Vmax

23730
max 20000

Vpnax = /ﬁ =136 ms™ =49 kmh™
200

When mass is suspended from the spring, then in
equilibrium position, let extension in spring be x;.

= mg=kx
o g A0 o Nm™
x;, (05-03)

Total stretch in the spring in the final state is
¥, =06-03=03m

15.

16.

So, elastic energy stored in the final position is

1,, 1
u:Ekx§=5x200x(0.3)2=9]

(cm)

[ ]
7.5 cmT

Tm cm

Since centre of mass of brick rises by 7.5 cm, so

7.5
AU =mgh = (5)(10)(ﬁ)- 375]

Initially, the centre of mass of the metre scale lies
0.5m below the hinge and finally 0.25 m below the
hinge when the scale is turned to a position making
30° with horizontal. Therefore, centre of mass of the
scale rises by

h=05-025=025m

Hence work done by gravity is W = mghcos180°
= W=01x10x025x(-1)=-0.25]

Test Your Concepts-lll
(Based on Conservation of Energy and Work
Energy Theorem)

1

In this case three forces are acting on the object
(i) tension (T)

(i) weight (mg) and

(iii) applied force (F)

Using Work-Energy Theorem
W, = AK.E.

net —

= Wr+W,

g +Wr =0 (1)
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ee
as  AK.E.=0 because K;=K; =0 3.
Further, Wy =0, as tension is always perpendicular to
displacement.
Wg = —mgh

= W, =-mgl(1-cosh)
Substituting these values in Equation (1), we get
W = mgt(1-cos)

Here the applied force F is variable. So, if we do not
apply the work energy theorem, we will first find the
magnitude of F at different locations and then inte-

grate dW(=F -d7) with proper limits.

2. The initial and final configurations are shown in the
figure.
Itis convenient to set U, =0 at the floor. Initially, only

m, has potential energy. As it falls, it loses potential 4,

energy and gains kinetic energy. At the same time,
m; gains potential energy and kinetic energy. Just
before m, lands, it has only kinetic energy. Let v
the final speed of each mass. Then, using the Law of
Conservation of Mechanical Energy.

5 0

y it sl

V=V
V1=0 =h
OLX @}qzo l y1
Initial Final
Ke+Up=K;+U;
= %(m]+m2)vz+mlgh:0+m2gh
2 _ 2(my—my)gh 5

= U=
my + My

Substitute m, =3 kg, m,=5kg, h=5mand ¢g=10 ms .
2 2(5-3)(10)(5)
5+3

= p=5ms”"

Hints and Explanations H.9

From conservation of energy,

1 1
myghy = myghy + Emlvlz + 57’”25’%

—2m—»

Using our knowledge of constraint relations, we get

U =0, c080

= 2x10x1=(05)(10)(\5-2)+

1 2V 1
—x0.5xv§x — +—x2xv§
2 2

|
[+ 4
L
-
o.
<
u
Vv

= 20=118+0.203 +7v;

2
= ©9,=396ms™ and v, =0,0080 = —=x3.96

J5

= 7,=354ms™
According to Work Energy Theorem, applied on A to
B, we have

Work done by force
fromAtoB

Change in KE
fromAtoB

= W= %m(v%—vi)

2 2

= (2T -mgsin6)(AB) =~ m(o} -o3)

1

2
5 1 )

= | 1150-130x10x — |(3)==x130(0} -9)
13 2

= (650)(3)=65(v} -9)

= v5-9=30

= :f)B:\/3_9:6.25ms_1

While using work-energy theorem we are concerned
with speed not the velocity.

(my+my)g 30

= =0.02m
Ky 1500

(a) Forspringl, X;)=

. my,g 10
Forspring 2, X;p=—==——=002m
27k, 500

= U=k 4okt = (750+250)(0.02)°

= U=04]
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(b) Let Ax; and Ax, be the additional elongation
due to pulling m, downwards by ¢=0.08m.
Additional forces on m, are equal in magnitude
and opposite in direction.

= kA =kAx,

M1 (1)
Ax, 3
Also, Ax;+Ax, =0.08 (2

Solving Equation (1) and (2), we get
Ax; =0.02 m and Ax, =0.06 m
According to Work Energy Theorem

Wiotal = AK
Since, m, is pulled down slowly, so
AK =0
= Wi+ Woprng + Wy = AKE=0
= Wi =Wy +Wopring ) ..(3)
Now, W, =mgAx; +myg(Ax, + Ax; )=1.2]

AISO, If.‘]E-pring = _(uf - uj ) = u,‘ _UI

where, U; =04] and
1 2 1 2

= W

spring =-24 ]

Since, from (3), we have

Wy =—(W,,, + W,

mg spring ) = _(12—24) I = 12]

The lower block will bounce when extension in spring,
kx = Mg

Mg

ok

By Law of Conservation of Energy, loss in gravitational
potential energy (GPE) equals gain in elastic potential
energy (EPE) of spring, so

= X

(D)

mgh—mgx = %kx2

- ()]

k k
M2g2+Mmg2 2
) kMg Mg

mg 2km k

Let downward velocity of sphere be v, and horizontal
velocity of wedge be v, . From our knowledge of con-
straint relations, the constraint equation for velocity
can be written as,

US
—=tana
UH)
= 0,=0,tan (1)

When the sphere hits the ground, its centre will still
be at a height R above the ground. Using Law of
Conservation of Energy, we have

(Loss inPE)_[Ga'minKE] (Gain inKE]

of sphere of sphere of wedge

= mg(2R)-mgR = %mvz + lmvi

= 2mgR=m(1+tan’ )02 = mo? sec

= 0, =42¢Rcosar and v, =1, tana = \[2¢R sinx
“Please note that the centre of mass of wedge
stays at same distance from the ground both in
the initial and final situations, so we have not

accounted for change in potential energy of
wedge, because that happens to be zero".

(a) According to Work Energy Theorem, we have

wtotal =AK

1
= Em02=WF+W

1, 5
spring =Fx- Ekx

1 1
= E><0.5><v2 =20><0.25—§><40><(0.25)2

= =387 ms"

(b) Total mechanical energy at point B is also equal
to work done by the external force F.So, we have

E=%kx2+%mvz=Fx=20><0.25=5]

If X be the final maximum extension in the
spring, then

1 2
EkxI=5]

10 10
= —_—= —:0.5
= \E \/; "

Hence, closest distance from wall is 4=0.6 —x = 0.1m
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Initial potential energy is
0=n/2
u, = J (rd0)(A)(g)(rcosd)
6=0°
2

u; = (Fl,grz)sinﬂ = Agr’

0

Finally, the centre of mass of chain is below

2

the last link or the slot. So, final potential energy is
given by

Tr mr/2 :rrzrz}tg
U;=|—x4 -— ==
! (2X J(g)( 2 J 8

Ez
= AU=U,-U=-r"Ag 1+E

By Law of Conservation of Energy
Loss in PE = Gain in KE
= -AU=AK

)
a1+ )55 Jooe
= rAg +8 22()1,1

» o= fl+5) -l 1+3)

Let T be the tension in the cable, then

T —mg=ma
T -80g =80a
= T=800+80=880 N
(a) Wr=Txcos(0°)=(880)(15)=13.2 k]
(b) W, =mgxcos(180°)=~(880)(15)=-12 k]
(€) KE=Wgy=132-12=12K]

(d) %mvz =1200

= 400* =1200

= =547 ms™"

11.

12.

13.

Hints and Explanations H.11

When the block descends 12 mm, spring will fur-
ther stretch 24 m. So total extension in the spring is
(76+24) mm i.e., 100 mm

Decrease Increase Increase in
inPE |={ inKE [+| Elastic PE
of Block of Block of spring
= (50)(10)(0.012)=%(1000)[(0.1)2—(0.076)2]+
1
~(50)0*
’ v

= 6=250"+25
= v=0374ms™"

(a) From Work Energy Theorem, we have

2
AK=W =Iﬁ-df
0
where dF = dxi + dyj + dzk

2

. w:J.(Z.Sfxz)dx=2.33]
0

= W=AK=233]

(b) Speed of block at x is given by

%)(1.5)(02 ='[(2.5—x2)dx
0

X

3
= 1= 1.33(2.53{—?)

2
For maximum K.E,, di =0
dx
3
= i(2.5){—3(—} =0
dx 3
= 25-x*=0
= x*=25

= x=158m

3
= Kopa = % x15% 1.33(2.5 x1.58 - @}

= K, =2635]

x 2 3
ox X
o P

(a) Ulx)=-W. 5 3

spring = j(ax+ﬁx2)dx =
0

F
[+ 4
L
-
o.
<
L
Vv
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14.

15.

16.

(b) By Law of Conservation of Energy, we get
(Gain in KE] (Loss in PE]

of Mass of Spring

1
= Em#=Ufig=uﬂnﬂ—um5m)

Since U(x):a—xz+ﬁ7x3
o u(1m) =W HBU_ g,
2 3
2 3
- u(0_5m)=80(0.5)+24(0.5)=m
1

= =(2)v*=48-11
2
= v’ =48-11

= vz\/??ms‘1 ~6ms

Block will begin to move when,
kx = mgsin@+ p,gmcoso

o mg(sin@+ i, cosf)
- k

=

o ousl?e [mg(sin9+yscosﬂ)]2
2 2%

Using our knowledge of constrained motion of con-
nected bodies, we observe that if x, =h (say), then
x5 =2h. Also, v, =%, =2 ms™

= vB=J'CB=2’UA=4mS_1

Using Law of Conservation of Energy, we get

Decrease 3 Increase N Increase in KE
inPEof A} | inPEof B of both A and B

= (aﬂﬂoM:(muﬂxmﬂ+%moxzf+%wn4f

= 300h=100h+ 60+ 40
= 200k =100
= h=05m

To use E;=E; we would need to assign the initial
heights of the blocks arbitrary values h; and h,. The
corresponding potential energies, m;gh; and m,gh,
would appear in both E; and E; and hence would
cancel.

We avoid this process by using the form AK+AU = 0
instead, since it does not require U =0 reference level.

17.

the blocks

come to rest, and thus AK=0. Next, we must
find the changes in U, and U, When m, falls by

(a) At the maximum extension x

max /

Xpax » the spring extends by x,.. and m; rises

by X, sin0

= AK+AU, +AU =0

= 0+(7m23xmax 118X max Sille)-l-%erznax =0

Thus, x 2—g(m2—m1 sin@)=0.98 m

max: k
(b) In this case the change in kinetic energy is
1
AK=E(m1+m2)vz.

The change in potential energy has the same
form as in part (a), but with x_, replaced by
x=05m,so0

1 . 1
§(m1+m2 )UZ+(—ngx+m1gxsm9)+5kx2=0

Substituting values we get v=1.39 ms™.

When the block is released, the spring pushes it
towards right. The velocity of the block increases till
the spring acquires its natural length. Thereafter, the
block loses contact with the spring and moves with
constant velocity.

—

M—x —P
Initially, the compression in the spring is % When
the distance of the block from the wall becomes x,
where x <L, then compression is (L —x). Using the
Law of Conservation of Energy,

2
11{5] = lk(L0 —Jc)2+1mv2
2 2 2 2

- om Bt ]

When the spring acquires its natural lengthie., x =1L,

then velocity becomes v= (JE )L?“ Thereafter, the
m

block continues to move with this velocity.
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Hints and Explanations H.13

e
18. Since all surfaces are smooth. According to Law of 1,
Conservation of Mechanical Energy, we have (@) K; and Ky both are zero, so E,—=Ekxo and
Decrease in P.E. of | [ Increase in K.E. of E; = mgdsinf. From Work Energy Theorem,
both the blocks ) |  both the blocks

ary) 1
= (mgr)+(2mg)(;)z E(m+2m)2)2 = mgdsinﬁ—%kxé =—fd

= U= H§(1+;‘{)gr = f=082N

(b) Initial energy mechanical E; is still the same as

Test Your Concepts-V above, but final mechanical energy at x=0 is

(Based on Work Energy Theorem for E/= L mgx, siné
Non-conservative Systems) 2
From Work Energy Theorem, we have

1. (a) When the box is first placed on the belt there will
W, =E; —E; = AU+ AK

be slipping between the two. But the force of fric-
tion on the box and its displacement are in the
same direction. Consequently, the work done by
kinetic friction is positive. Since the final speed of

F
[+ 4
L
-
o.
<
L
Vv

= %mvz +mgx, sinf — %kxg =-fx,

= 0=245ms™

the box is v,
N 3. (a) Work done by friction =-uMg/
4
f, , (b) Work done by the spring force = —%kfz
g (c) Gravitational force and normal reaction of the
mg table do not work as they act in a direction per-
pendicular to displacement.
1 2
SAK = 4= 1
Wy =AK=+-mo (1) (d) Total work done on the block =—(uMgf:+Ek€2)
(b) The force of friction is f=uN=pumg and (e) According to Work Energy Theorem
Wy =+fd , so from equation (1), we get Wiora = AK

W-+W - =AK
+ymgd = +lmv2 ...(2) = et
2 = -AU+W,c=AK
2 n

v
T 2ug = 0—%Mv§=—(uMg£+%kﬂ2)

(c) If the box takes a time ¢ to reach speed v, then 5

v=at where a is the acceleration of box. In this - 74 2uMgt Moy =0

k k
time it will move d= latz = lvt. Since the belt’s
2 2 = ﬂ:l[,szz 2+ Mko? - uM, ]
speed is fixed, in time t it moves a distance Tk 8 0 g

vt=2d.

The belt moves twice as far as the box while the
box is accelerating.

4. Netretarding force F=kx+uN
= F=kc+Mgbx
If a be the net retardation, then
_vd_v_ﬁz(k+Mgb]x
M

dx m

X

0 .
= Jvdv = (IH-Mngjxdx
M

[N 0
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= —

vé_ (k+Mgb)x2
2 M )2

M
= X=U) [—
k+ Mgb

Loss in Mechanical Energy is ~AE=E,; - E;

= =AE=(U+K)initial = (U + K)finai
1., 1,
= Loss = O+EMUO - Ekx +0

M

= Loss =1Mv§—lkx2 , where x=1,
2707 k+ Mgb

2.2
= Loss =(M] gb
2 k+Mgb

5. FromBtoC
0=(4)"-2(zg)(4)

I I
M= 0@

From Ato B
Since we know that

W, =AU +AK

=02

1. 2
= V‘Jfriction = _ng + E mug

1
= V‘Jfriction =_(02)(10)(2)+5(02)(]6)
= V"ffriction =—4+1.6 =-24 J

6. (a) 100=kx=2000x

= x=0.05m

Since, %mvz + Uymgx = %kx2

= U= ,’Exz—Zngx
m

_ ([ 2000 2 _
v_\/( 5 )(0.05) 2(0.36)(10)(0.05)

= v=08ms™’

(b) Velocity is maximum where
kxg = ugmg

oo 0, g

_ ygmg  0.36x5x10

=0.009 m
k 2000

= X

Since %mvrzmx +ugmg(x—xg )= %k(x2 —x,;z,)

k
= Umax = \/E(XZ—XS)—Z‘UKS'(X—XO)

Substituting, k= 2000 Nm™, m=5 kg, x=0.05m,
X, =0.009m, g, =036

= Upa =082 ms™
From Work Energy Theorem, we have

W, +W. =AKE

mg air

= W, =AKE-W,

air mg

= wair=%x5><(10)27(5)(1o)(zo)=77501

Negative sign indicates that work is done against the
push of the air.

Block 1, will shift when kx = im,g (1)

my v — my |- F

u

For m, , using Work Energy Theorem, we get
Fx= %kx2 + Uy xg

= kx=2F-2umg -.(2)
Equating Equation (1) and (2), we get

m
F= ( my + 72) ug
For horizontal portion, retardation a4, = ug =15 ms ™
= ' =245 =2x15x05=15m’%"

= 1=12ms"

For inclined portion, acceleration is given by

1
a, =gsi116—ygcos@=(5—0.15x§]><10

= 3,=37ms>

v’ 15
= 52 =—= =
20, 2x37

Work performed by friction forces is

02m

Wfriction =Weaser wcase 1

= Wy =—umgs, —(umgcosd)s,

V3

= Wy= —0.15x0.05x10(0.5+0.2 X ?] =-0.044]
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10. From constraint relations, we can see that

v, =203
Therefore, v, =2(0.3)=0.6 ms™
as 05 =03 ms™ {given]
Since W,. = AU+ AK

L B S
= —ymAng=—mngB+EmAUA+EvaB

= x,=2xg=2m, since xz=1m, m,=4kg,
myp =1kg, so we get
—-80u =-10+0.72+0.045

= 80u=9235

= wu=0115

11, Since the applied force is always parallel to the track,
normal reaction will always be mgcos6. In this case,
work done against friction is

W = umg x horizontal distance covered
= W=umgL
= W=05x1x10x1=5]
Test Your Concepts-V
(Based on Relation Between Conservative

Force and Potential Energy and Types of
Equilibrium)

1. Weuse F=-VU =—(2yf+(2x+z)f+y]2)

2. Since, F:—@U=—(—f+—j+—i€}
¢
ol 0
F, =—a—x=—uoexp(—az)a—x[cos(ax)]
F = %_LI = +allsin(ax)exp(-az)
x

X

Since, U has no dependence on y, so

T
FZ=—8(_)—I;I= Uocos(ax)—[exp( —az)|
= Fz=aa—f=auﬂcos(ax)exp(az)
= F=Fi+Fk [~ F,=0]

= F=al, exp(faz)[sin(ax)hcos(ax)fc]

Hints and Explanations H.15

Since we know that

dU=-F-dl
du = [2axy1+a(x —yZ)}] (dxt+dy]+dzk)
du= [2axydx+a(x —yz)dy]

(x.¥) (x )
J du =~ J. 2axydx+a(x27y2)dy
(0,0) (0.0)
(x,v)
Uy, y)~Uig,0)= J. (23xydx+ax2dy)fay2dy

(0,0)

Let U, ,)=U and U, o) =U,, then we have

=

U-U,= —(-T}{d(axzy)— d( %]}

U=U,-ax’y+-—>

Since AU = —JI_? -dl

where, dl = idx+ jdy +kdz

=

=

(2,3)
AU = J 4 ys+x] zdx+:fdy+izdz)
(0,0)
(2.3)
-(—4)=4 J ydx +xdy
(0,0)

Since, we know that

d(xy )= xdy + ydx
(2,3)
-(-4)=4 J‘ d(xy)
(0,0)

(2,3)
_(_4):4(xy)|{010)

~(-4)=4[(2)(3)-(0)(0)] =24
U=24-4=20]

F
[+ 4
L
-
o.
<
L
Vv
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5. Potential energy of the particle is given as
U=2-20x+5x" (1)
Therefore, its potential energy at x=-3 is
U, =2-20x(-3)+5(-3)" =2+60+45=107

Since the particle is released from x =-3 m, its kinetic
energy at this position is zero and therefore its total
energy is 107 +0=107J.

Particle will again come to rest at a position where its
potential energy once again becomes 107 J.

Substituting U =107 ] in equation (1), we get
2-20x+5x¢* =107

= 5x*-20x-105=0

= x*-4x-21=0

= x=-3mand x=7m

Hence the particle released from x=-3 m will come
torestagainat x=7 m

6. Since F:J;—u

Y
= dU=-Fdx
. 2 4
= U’(x)=f".(ka-l-ax:"')dx—kifg
2 4
0
k2 a a
=—11 N 1=, |—
= Ulx) 2( + ZkXJ( 2kx]
2k
Now, U(x)=0 at x=0 and x=,|—
a

Also, U(x) is negative for x> \/2—7’(

a

For O<x<F, U(x) first increases and then
a

decreases.

From the given function we can see that F=0 at x=0
i.e. slope of U-x graph is zero at x=10. Therefore, the
most appropriate OPTION is (D).

7. Since,F:—d—u
dx
U(x) X x
= de=—dex=—I(kx)dx
0 0 0
kxz
= U(J{)z—7 { U(0)=0}

Test Your Concepts-VI
(Based on Vertical Circle)

1. For the body to be able to successfully complete the
loop, its velocity at the bottom of the loop must be

greater than or equal to /5gr.

Now from Law of Conservation of Energy, we get
1 2
mgh = —mv
73

= o'= 2gh > 5gR

= hzgR
2

So, the minimum height required is gR

2. Let T be the tension in the string at the lowest point
of circle. Then the net force on the stone is (T -mg),
which is directed towards the centre of the circle and
provides necessary centripetal force to the particle to
revolve in a circle of radius r . So

mUZ

T-mg=—
r

where v is the speed of the stone at the lowest point of
the circle of radius r.

2 2
= T:ﬂ+mg:m[v—+g]

r r

2
= T= 0.5[3—+9.8] =16.15N
0.40

3. (a) Speed of the particle at the lowest point is first cal-
culated by the Law of Conservation of Energy, so

(U+K),=(U+K)p

= mgL(l—c056)+1mu2 L
2 2

= o' =u’+2g¢L(1-cosf) (1)
Now, tension at the lowest point is

T= %(’Ué +gL), where v =0
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Hints and Explanations H.17

2
T=%(u2+3gL—2chose) 4, Since,T—mgcosG:%
Now, according to question, we have
u:lms_l,g=10m5_2,L=2m,m=2kg 0 ,\
’ 2m
- T=(EJ(1+60—32)=29N 30° \
H’ET)Z

= 2.5mg-mgcos30°= -

= 0=566ms"’

= a=J(f]2+(gsin9)2

32
= a=\/(MJ +(9.8><sini‘30°)2

F
[+ 4
L
-
o.
<
L
Vv

= 4=16.75ms™

Vo = 0 |
5. (a) Tl:f%z(o.s)(l) N
1 0.4
mg cos BMax
" 2 (08)(4)
| ® TZ:%:w:EAN
Now, please do not confuse 6,,,, with 6 as both R 02

may be different. So, let us first calculate 6, . For

max- _ 1 22\ _ 1 1y
this purpose, we shall try to calculate the total © W= Em(vz Ul) _EXO'SM V=12]

mechanical energy of the particle at A, which is 6. Using Work Energy Theorem, for the rough track, we

EA=UA+KA get
) W =AU +AK

nc

1
= E,= mgL(l—COSG)+5mu

1

= E, =(2)(1o)(2)(1§}+5(2)(1)2 = —ﬂmgf:(O—%kst)ar(%mvz_g)

o E,=8+1=9] For looping the loop, we have v* =5gR

1 1
So, now at maximum height, we have v- =0 and = —ké*= —m(5gR)+ mgR
. 2 2
by Law of Conservation of Energy, total energy at

C should alsobe 9] mgR
d=, /—,{5 2
= A + #k

= mgL(1-cosO, )=9

= (2)(10)(2)(1-co86,.y ) =9 7. Since, h=r(1+sin6) (1)
9 Also, by Law of Conservation of Energy, we get
= 1-cosO=— 1 1
40 —mu? ——mv* = mgh
31 2 2
= 080, = — s
40 = 0 =u"-2gh

- TC:(2)(10)(%):15,5N = o' =u*-2gr(1+sinf) .2
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Coordinates of point P with Q as origin (x and y axes

as shown), are P(rcos@, —r-rsinf)

At Q,wehave, T=0 and v # 0, so motion of particle
ceases to be circular and the particle becomes a projec-
tile, launched with initial velocity v and launch angle
a such that its x and y coordinates are related to
each other as

2

ox
2 2

,where @ =90-0
20 cos o

y=xtano -

= —r(1+sin@)=(rcosf)tan(90°-0) -
gr’cos’@

20 cos* (90 -6)

greot’d cos’ 8

2° sinf

Substituting value of v from equation (2) in (3), we get

9=30° and u= }7%

(a) Applying conservation of energy

ngh=n( 33L |

3L
2

(b) Since J@ lies between \/@ and /5¢L,
the string will slack in upper half of the circle.
Assuming that string slacks when it makes an
angle 6 with horizontal, then we get

..3)

= (1+sin@)=

= h

2

muv
ing=""" (1
mg sin I 1)
= vz=(,/3gL)2—2gL(1+sm9) ..2)
Solving Equation (1) and (2), we get

sinB:% and v2=&

10.

11.

Maximum height of the bob from starting point,
is

2. 20qn0
H=L(1+sing)+ 220 2 =9 (90°-6)

28
= H=L(1+l]+ g_L (§]=£+%
3 6g J\9 3 27
H=@L
27

Here tension in the rod at the top most point of circle
can be zero or negative for completing the loop. So,
velocity at the top most point is zero.

From energy conservation

Lo +1mﬁ=mg(2ﬂ+mg(4ﬂ)+0
2 2 4 ’ ‘

o[B8
5

When the motorcyclist is at the highest point of the
death-well, the normal reaction N on the motorcy-
clist by the ceiling of the chamber acts downwards.
His weight mg also act downwards.

Fnet =mac

2

= N-|-mg=ﬂ ..(1)
r

Here v is the speed of the motorcyclist and m is the

mass of the motorcyclist (including the mass of the

motor cycle). Because of the balancing of the forces,

the motorcyclist does not fall down.

The minimum speed required to perform a vertical
loop is given by equation (1), when N =0

2
mu,

min

= mg=
r

2 _
= vmin_gr

= Ui =487 = V9825 ms™ =15.65ms™

Let v; be the initial velocity i.e., velocity at lowest
point

= z';,-:u?.

Let v, be the final velocity ie., velocity when the
string becomes vertical

vf -7 =2(-g)L

= 0=, lu? - 2¢L (in magnitude)
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WP -2gL = v;

A y
U:V, L’X

= ﬁf =(,/u2—2gL):i
So, AB=7; -7, =(\/uz—2gL)}'—u§

= \A*EI:\/LIZ —2gL+u2 =\/2(u2—gL)

= 1861=42[ (10 -(10)(5)]
= |ABl=42(100-50) =100 =10 ms™

Single Correct Choice Type Questions

1 U;=0and Uf=%k(2x0)2

= U =2k

Since we know that, W- = -AlU

If W be the work done by the spring on earth mass,
then

We =2W =0 - 2kxj
= W=-kx]
Hence, the correct answer is (D).

2. Force needed to pull the block down by a distance y
from equilibrium position is

F=k(x+y)-mg=ky
Therefore, work done to extend the spring is
1, 2
W=—k
>
At equilibrium, mg = kx

pomg _2x10 1000\
x 006 3
When pulled down by additional distance 10 cm,

external work done W = %x kx(0.1)

Hints and Explanations H.19

W=1x@x0.01=].67]
2 3

Hence, the correct answer is (D).
By Law of Conservation of Energy
1
mg(h+x)= E.kx:1

mg +\m*g* + 2mghk
X =

k

Hence, the correct answer is (A).

=

From Work Energy Theorem W = AKE

= W=Kf—Ki=%n1(v}—v2)

i

F
[+ 4
L
-
o.
<
L
Vv

= W= %(2)(400—100)= 300 ]

Hence, the correct answer is (A).

Poy =F -3 =50-30+120 =140 W
Hence, the correct answer is (C).

A

B mgsiné

At extreme position A, since the ball is at rest so, net
acceleration is equal to the tangential acceleration.

= a4 =_gsind

At lowermost position B, net acceleration is centrip-
etal acceleration, i.e.,
2

ag = % where v=/2¢L(1-cos8)

= ay=2g(1-cosh)
Since, a, =g

= gsinf=2¢(1-cosf)
= 2gsin(§)c05(§)=Zg(l—(l—Zsinzgn
Since sinf= 2sin(chos[gJ and

1-cosf= Zsinz(g)



ICON

H.20 JEE Advanced Physics: Mechanics - Il

= ngin(g)cos(g) =2¢g ><2si112(g]

6 1
= tftan—=-—
2 2
= E =26.5°
2
= 0=53°
Hence, the correct answer is (C).
o= _3_ g3
dt

Initial velocity (velocity at t=0)is u=3ms . Final
velocity (velocity at = 4s)is v=19 ms™

1 1
Since, W=—m(vz—u2) =—(i](361—9)
2 211000
W= 1 _508 mJ
1000

Hence, the correct answer is (B).

10 cm
40 cm —
>

A =y

I
I
Initial position i
I

30 cm

B

Final position

The displacement of block A in ground frame towards
rightis s (as shown in figure).

= §=05-03=02m

Kinetic friction acting on block A acting towards right is
fr=umg=02x45x10=90 N

So, work done by friction force in the ground frame is
W= fscos(0°)=90x0.2x1=18 ]

Hence, the correct answer is (B).

a=(m2—#m1]g

My + My

4%]93
4+10

10.

11.

12.

= a=14ms>

Since, v* - 0% = 2as
= 0=2(14)(4)
= ’=112

= 0z=35ms’!

Hence, the correct answer is (D).

Since, F is a constant force, so work done will not
depend on path. So,

(2.2,2)
E.di

(2?+5}+l2)-(dx?+dy}+dzl;)

(2dx + 5dy + dz)

= w:(2x+5y+z)|$:;'j)):16]

Hence, the correct answer is (D).

Given force is a constant force and work done is path
independent under a constant force. Hence, W, =W, .

Hence, the correct answer is (A).

Since AU = fjﬁ -dl

= U-U, =J40(ydx+xdy) = 40Jd(xy)
= U-U, =40y
= U=u0+40xy

At the mid point (C) of the rod, the particle is in
equilibrium.

40

B N
Also, we must note that from A till mid point C, the
force is towards A, so the particle faces opposition
from force to reach the mid point C. However after
C ie., between C and B, the force is directed towards
B. This makes us conclude that if we give the particle
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13.

14.

a sufficient speed just to reach the mid point C, then
after crossing C it will automatically reach B. Hence
by Law of Conservation of Energy applied between A
and C we have

[Loss in KEJ - [Gain inPE ]

of particle of particle

- %mvﬁ:%[%)(%)—mm)@)

= %(5)03 =40

= 00=J8;0=«/E=4ms_1

Hence, the correct answer is (D).
Method-I:
dW =F-d{ =2dx+3dy
Along the path 3y +kx =5, we have
3dy +kdx =0 (1)

Since W=0 ie, J.dW=O

= ‘[de —kdx=0 {- from (1), 3dy = —kdx }

= k=2
Method-II:
Force is parallel to a line y = %x +c

The equation of given line can be written as

=——X+=
17733
Work done will be zero, when force is perpendicular to
the displacement i.e., the above two lines are perpen-
dicular or

m1m2=*1
e
2 3
= k=2

Hence, the correct answer is (A).

In the first case, speed imparted to the marble by the
spring is

lka!2 =lmu2
2 2
= U= Ed
m

15.

16.

17.

Hints and Explanations H.21

Since horizontal range of marble is uT, where T is the
time of flight. So, we get

R—r:uT:[\/Ed)T (1)
m

Let the required compression in the spring for landing
the ball in the box be x”, then

R=[\/Ex’)T 2)
m

Please note that time of flight is independent of the
velocity of the ball and therefore same in both the
cases. From (1) and (2), we get

F
[+ 4
L
-
o.
<
L
Vv

Hence, the correct answer is (D).
Since W, = AU + AK = mgh —(—mgh )+ 0 = 2mgh
Hence, the correct answer is (B).

According to Work Energy Theorem, W=AK, so
kinetic energy of block at x =x is

K:W:JFdx:J(4—x2)dx
0 0

3
-~ K=dr-2
3

For K to be maximum fi_K =0
X

= 4-x'=0

= x=f2m
2

At x=+2m, we have el to be negative
x

So, kinetic energy (K) is maximum at x=+2m

3
5 Ky =(0)(2)- 210
3 3

Hence, the correct answer is (C).

J=533]

Kinetic energy of particle at x=x is
3
X
K=4x-—
3
At maximum x-displacement i.e., at point of reversal
of motion, we have
v=0,s0 K=0

= x=2\/§m

Hence, the correct answer is (A).
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18.

19.

20.

21.

(A

Velocity will be vertical at position A as shown in
Figure. At this position, tangential acceleration is due
to weight. Therefore,

ma, = mg
= 4=g

As the particle is just able to complete the circle, speed
at position A is

v=,/3gr

Therefore, centripetal acceleration is

'UZ &:38
r

1.=—=

c
r

Hence, total acceleration of the particle is

atntal = \'af +|5132 = \J(3g)2 +82
= el = ‘/mg

Hence, the correct answer is (C).

Since,

=
Further, A7 =7 -7,

= AF=(2i+3])-(i+]) =i +2]
So, W=F-AF=-1-21

= W=-31

Hence, the correct answer is (B).

Work done = Area under F-s graph

Area =36+(-6)=30]
Hence, the correct answer is (B).

Let the maximum extension in the springbe x ., =x,,,
then by Applying Work-Energy Theorem from the
frame attached to point A, we get

1
(ma)x,, - ~ke% =0
2

22.

23.

24,

2ma
X =——
k

Hence, the correct answer is (C).

=
=0 +Pt]

So, total acceleration |d|=f8

The speed, v= /o’ + B

So, tangential acceleration, ay is

_dv 10 5 00 \2(,
ap ==l + ) (26%)

ar e

p
V3p

Tangential acceleration, a; = >

2
and normal acceleration, a, = /5%~ % - g

Hence, the correct answer is (A).

sir16‘=i=l
10 2
= 6=30°
W= fscos180=—fs

= W=-(umgcos30)s

= W= —(0.1)(0.5)(10)(?}(NHO)

= W=-5J3]
Hence, the correct answer is (D).

Let x be the extension in the spring when 2 kg block
leaves the contact with ground. Then,

kx=2g
yo B 2101
k 40 2

Now by Law of Conservation of Energy, we have

mgx:%kx2+%mvz {wherem=5kg}

{ 2
= U= ng—ki
m
= U= 2><10><l—ﬂ=2\/§msf1
2 4x5

Hence, the correct answer is (B).
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26.

27.
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v =12g/

The ball rotates in a circle around the nail after it goes
past the point B.

Atpoint B, velocity of the ball is v =,/2gL (1)

Since the ball just completes the vertical circle about
the nail, its speed at the lowest point should be

v=[5gr = [5¢(L~d)

Equating (1) and (2), we get

J28L = \/5¢(L-d)

.2)

= 2L=5L-5d
= d=06L
Hence, the correct answer is (A).
ffs=%mvzf%mu2
20 1( 60 2 2
Al == == == |L(300)* = (600
f(lOU] 2(1000)[( ) =(600) ]
f(zo)=1(60](104)(369)
100/ 2\1000

=  f=15x10*x27 =405x10° N =405 kN

Hence, the correct answer is (A).

When the particle looses its contact with the sphere,
then we know that

cosf =

m|& [SSRNS]

= sinf=

28.

29.

30.

Hints and Explanations H.23

So, tangential acceleration at this position is

V5g

ar =gsinf=—=
3
Hence, the correct answer is (B).

The cable does not work on the bob.
So, the bob’s energy is conserved

= %mvg =mgh

Where h=((1-cos8)

From equations (1) and (2), we get
0y =7 ms™

Hence, the correct answer is (B).

Reference level at the centre of the sphere means gravi-
tational potential energy is zero at centre.

Consider an element of length dx subtending an angle
d6 atanangle 6 with the vertical. The vertical height
of this element is Rcos6.

F
[+ 4
L
-
o.
<
L
Vv

If dU be the potential energy of the element, then

dU = (dm) gh , where dm is mass of element.
= dm=[%de =$(Rd9) [ dx=Rd6}

So, dU= %(Rdﬂ)g(RcosQ) = %Rzgcosadﬂ

8y
R? R’
= u:jdu:—mg{ Jcosﬂdﬂ=—m‘i [sinol® |
0 /

2 f 7
mgR sin(i) { 8, :i}
¢ TR R

Hence, the correct answer is (A).

2
U= @[Sinﬁo] =

h=2(sino

A is the lowest point and B the highest point. At B, in
critical case tension is zero. Let velocity of particle at B
at this instant be vg. Then

. moy
mgsinor=—=
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= vé =glsina 33.

mgsiné

By Law of Conservation of Energy applied between
Now by Law of Conservation of Energy, we have A and P, we get

2 _ .2
vy =vg+2gh
AR %szZ:ngsinG

= ©v=,/2¢Rsinf

= 05 =(g/sine)+2¢(2/sincr)

= v, =,/5¢/sina

2
Hence, the correct answer is (D). Atpoint P, N =mgsinf+ %
31. = N=mgsinf+2mgsind = 3mgsind
13/, m Centripetal force is given by
3 o
Sl FC=T=2mgsin9
o 12
m So, the required ratio is
o ke _2
Elongation in spring is N 3
x= 18l Iy = b Hence, the correct answer is (C).
12 12
Work done by lifting force is 34, g=|"2”"M sing — i cos @ g
iy + 1y

Wee = AU+ AK = AU, + AU, +0

10 - 4si -00.2)4
= Wext=Aug+Aue = a:{ 0 Sln3014(0 ) COS30}10
2
= Wext=mg[%]+lk(h) = a=5.2ms_2
12/ 2 \12

Since, v* - 0% = 2as

1 2
_omgly | Ky = 97=2(52)(4)

12 288

Hence, the correct answer is (A).

W

= v=65ms’

Hence, the correct answer is (B).

32. If R be the radius of the circumference, then
OP =0Qcos60° = (ZR)(%) =R
R
= h =0Pcos60°=— and h, =2R

2
Loh_y3h ﬂz\ﬁzl .
v, 2gh, \h V4 2 mgcos@—N=—

a

¥}

Hence, the correct answer is (C). The body breaks off the sphere when N =0
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mo”
= mgcost=——

a
= o= gacosf ..(1)

Applying Law of Conservation of Mechanical Energy,
we get

L 5
—mv” =mgh
’ g

= vz=2gh ...(2)
From (1) and (2), we get

gacost =2gh
= cos0=2h/a

Hence, the correct answer is (B).
(11)
36. W= j F-di
(0, 0)

where d/ = dxi + dyj + dzk

(1.1
= W= J (xzdy+ydx)

(0. 0)
(1L1)
= W= j(yzdy+xdx) [ x=y}
(0, 0)
B} W=(£+£)m 5
3 2 6

Hence, the correct answer is (B).

hy —h
- Rﬂput=mg( : 1) =(2000)(10)(500)

= Pppu =10MW

Jpﬂl_l u
Since n= —outpet
input
= 08=—
10
= x=8MW

Hence, the correct answer is (A).

38. For the particle just to complete the vertical circle,
speed at topmost point is

%o =T

39.

40.

41.

Hints and Explanations H.25

Speed when the string becomes horizontal is

v=1.iuZ+2gr =\/gr+2gr =\/@
= v=x/§v0

Tension, when string becomes horizontal, is

mo*  m(+3o, )2

T [
r r
3mug  3m(gr)
T=—"=—"<=3m
r r g Lo
Hence, the correct answer is (D). E
From Work Energy Theorem, W = AK
L1 a.
= Pt= 5 mo <
XL
= o= 20 (1) v
m
= o=%_ PP

dt m
5 zpt
= J‘ds=,/—J.t1"2dt
m
0 0
o =2 [Fpn Q)
3V m

From equations (1) and (2), we get

2
s_2,
v 3
= Eoc!
v

i.e., graph between 2 andtisa straight line passing
v
through origin.

Hence, the correct answer is (B).
2 . 7
u”=gL(2+3sing) = EgL

. 1
= sing=-—
¢ 2

= 0=90°+¢=120°
Hence, the correct answer is (C).
h
The centre of mass of the rope is at a height 2" So, total

work done is the sum of work done to pull the bucket
of mass M to a height h and the work done to pull the

CM of the rope of mass 1 to a height g . So,
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42,

43.

44.

45,

W=Mgh+mgg

= W= ( M+ % ) gh
Hence, the correct answer is (B).
Initial velocity = final velocity =0
But displacement Ax # 0
{* Ax = Area under v-t graph}
From Work Energy Theorem, W = AKE=0

Hence, the correct answer is (B).

a5 05 me
m 2

Velocity at =205 is v=at
= ©=(25)(20)=50 ms™
= KE =%(2)(2500)

- KE =2500]

Hence, the correct answer is (C).

From Work Energy Theorem
AKE = Wnet

[~ m=2kg}

3
. vz=(f]
2

= v=2ms"

Hence, the correct answer is (B).

Work done by gravitational force is equal to the change
in kinetic energy.
Let v be the velocity of particle at point B is v

- -

The horizontal component of velocity remains
constant, so

o
MCOSO&'=T)CDS(E)

1COS O
V=
cos(a/2)

4e.

47.

48.

49,

= W=lmvz—lm(ucosaf)2
2 2

liz COS2 o

cos?(a/2)

= W=lm[
2

= Ilz COS2 Ct}

1
= W=—mu2cosza[sec2(g)—l]
2 2
Since 1+ tan’@=sec’ @
= W:lmuzcoszatanz(g)
2 2

Hence, the correct answer is (C).

Increase in P.E. is the increase in PE. of C.M.
AU =mg/ -y (1-cosh)

=g )03 1-3)

= AU=025]
Hence, the correct answer is (A).

1
(KE Jan =5 (KE Doy

1 111( M
- iy
2 212\ 2

Y
= Vo= 1
m 2 ()

Further,

2
=> o,+l=—F7 (2
Solving (1) & (2), we get

0,=2(v2+1)=482 ms™

0, =\2+1=241 ms™

Hence, the correct answer is (C).

. o
Acceleration =a= t—”
0

P, =Fo,=(ma)v, = m( —](at)
o \2
= P'Lnst =m '] t
to
Hence, the correct answer is (D).
In the initial position, the length of the stretched spring is

ho5h

= =—=125h
cos37° 4
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50.

51.

52.

53.

So, extension in the spring is
x=L-h=025h
PE stored in the spring is

2
=2k = Lr(02sn? =2
2 2 32
When the spring becomes vertical, it acquires natural
length and hence the PE gets converted into kinetic
energy of the ring

1, ki?
= —myT=—
2 32
h [k
= U=—,(—
4\'m

Hence, the correct answer is (D).

When the particle at x; is displaced slightly towards
left or right, the force is in the same direction. Hence,
the equilibrium is unstable, whereas at x, the force is
directed opposite to displacement.

Hence, the correct answer is (B).

. iy —
Since, a=| —>——1 |¢ and v* —u* =2as
Ty + 1y

= '{)2—02=2(u)gh

my + 1my
My —
= o= 2| =——L gh
My +my
Hence, the correct answer is (D).

Acceleration down the plane is a= g(sinf - ucosf)
velocity of block at time  is v = at = gf(sin@ - f1cos6)
Force of friction is f = umgcos®
So, rate of work done by force of friction will be

P = fo=umg’tcos(sin@ - picosh)

Hence, the correct answer is (C).

Let velocity of block at C be v
By Law of Conservation of Energy, we get

%mvﬁ +n'zg1‘(1—c056)=%mv2

= o= \/v§+2gr(1—c056)

54.

55.

56.

57.

Hints and Explanations H.27

When block leaves the surface, we have
N=0
mo*
= mgcosG = T

= rgcosf=0j+2gr(1-cosh)

= Jrgcosf= %+2rg

= 3c036=2
4

= cosf= é
4

= 6=cosl(§]
4

Hence, the correct answer is (B).

x = Elongation in spring due to mass 10 kg

ngzloxw:lm
k 100

W; =%><100><[(3)2 ~(1)*]-10x10%2=200]
Hence, the correct answer is (A).

By Law of Conservation of Energy
L 2
mgh = —mv
=32

= 0" =2gh =2(10)(5)
= 0=10ms"

Hence, the correct answer is (B).

-1/3
Focx™

i.e., acceleration qocx™/?

d ,
= v—v =K1
dx

2 2

= plecy??

1/3
= Do)’

Now P=Fv

13, 13

= Pex"xx

= Pocx’

So, power is independent of x

Hence, the correct answer is (D).

Since forces are conservative in nature, so the line inte-

gral of their sum or their difference in a closed path
should also be zero. Hence W; =W, =0

Hence, the correct answer is (C).

F
[+ 4
L
-
o.
<
L
Vv
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ae
58. Three forces are acting on the particle with respect to 1,, 1,,
the sphere = Eka _Ekal = umg(a+a;)
(i) pseudo force = ma=mg {asa=g} L
(ii) weight=mg = E (a"'al)(a_al)_ﬂmg(a"'a])
(iii) normal reaction = N - 2umg 1)
Of these first two forces are constant and do work. The Yok
third force is not constant but it does not perform any o 2umg
work. Applying Work Energy Theorem, in non-inertial Similarly a, —a, = v -2
frame, we get
2pmg
lmvz _ ( work done by N work done by O =y =77 -(3)
2 " | pseudo force | | force of gravity
Adding all the above equations, we get
Pseudo force =mg p it
a-a, = Hmg ...(4)
k
Now, the block stops when
umg = ka,
= a,= Kmg
k
Substituting in the above equation (4), we get
Hmg
Where v, = speed of particle relative to sphere (2n+1 )[ k ) -
1 .
= ~mv’ =mg(AB)+mg(AD) = (2n+1)= ke __(20)(03) -15
) umg  (0.04)(1)(10)
1
= E'Uf:g[Rsin6+R(1fcosﬂ)] = n=7
. Hence, the correct answer is (C).
2 .
= —v; =gR(1+sinf-cosf) P
2 61, n=—uputy qgp = 100X10X25 )4
-  nput 30,000
= 0, =2gR(1+sinf-cosh) ?
Hence, the correct answer is (D). = N=833%
Hence, the correct answer is (C).
(100)(10)(9)
9 Bupu=""1 62. Speed is maximum at equilibrium, so when the block

has descended by x, then both springs apply a force

= Foupu =70 W 2kx (upwards) on the block as shown in figure.

Since, n=0.8 kx  kx
7
o t
Pinput
m
= Prpu= 0 _ 9375w
08 l
= Py =0.94kW A
Hence, the correct answer is (C). For equilibrium, we have
60. Let the initial amplitude decreases to a; to the other Zkx=mg
side i.e., after the first sweep; mg

X
Decrease in Elastic | _( Work Done Against 2k
Potential Energy |~ Friction Hence, the correct answer is (A).
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o0
63. 67.
b
b b b -
b
R Myy-—f ZPEL
Work done = change in potential energy
W =mgb+mg(2b) = 3mgb
Hence, the correct answer is (C).
64. Atbreak up, F=0
du
> -—-—=0atx=x sa
dx 0 (say)
68.
= d (ax_u —bx"6)=0

dx
= a(-12)x," -(b)(-6)xy, =0

> =2
a b
= U(x) 2 6
0o Yo
a b
= U(x)= ” 2—(%)
n b
oy
= U(xo)—ﬁf%
bZ
= u(x0)=—a

This is the energy with which two atoms are associ-
2

ated. So, dissociation energy equals e
a
Hence, the correct answer is (C).

6. oo10g-53-25 100-50-25 5
15 15 3

69.

Since, v* - 0% =2as
= vz=2(§)(2) _2

= p=26ms"

Hence, the correct answer is (A).

66. Power P=Fv= Ev = K = constant
[

= W=Pt=Kt 70.

Hence, the correct answer is (C).

Hints and Explanations H.29

For month of June (having 30 days), each day motor
is operated for 8 hrs. So total time (t) for which
motor is operational in June is

t=(8)(30) = 240 hrs
So, total energy consumed in the month of June is
equal to work done (1 HP =746 W)

W = Pt =(2x746)(240) watt-hour

Since 1 unit of electricity (=1kw-hr) costs %6,
So, bill for the month of June is
2x746 %240

1000
Hence, the correct answer is (A).

x6=32148

Given /=1m
= h="/(cos30° - cos60°)
= h=1(0.86-0.5)=0.36 m

F
[+ 4
L
-
o.
<
L
Vv

Since, v=/2gh =/2(10)(0.36)

= 0=268ms"
Also, P = Fv=(mgsinf)v
1
= P=(mgsin30°)v =(1)(10)(5J(2.68)
= P=134W

Hence, the correct answer is (B).

Velocity of ball to just reach the top of the tube should
be given by Law of Conservation of Energy, accord-
ing to which

(U+K);=(U+K)g

= mrzg.FH%mU2 = 1'11g(2R)+%n*1(0)2

= v=,2¢(2R-h)

Hence, the correct answer is (D).

Since velocity is constant so the kinetic energy does
not change. If W be the work done by external force
and W; be the work done by friction, then
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71.

72.

73.

74.

Wp+ Wy =AK=0

= W= —Wf

= Wp=05uMgx+ 1, Mgx + 0.5, Mgx

= Wp=2u Mgx

Hence, the correct answer is (B).

According to Work Energy Theorem, we have
W,

total

= W

ext

+W,. =AU+ AK

= Fx—pmlgx=%kx2+0
L2

= Fx—ymlgx—zkx =0

But kx = um,g , for just shifting m,
1

= Fxfpmlgx=5(ym2g)x

= F=,u(m1+n;2)g

= F= 0.4[1+§)(10)=8 N

Hence, minimum constant force is 8 N.
Hence, the correct answer is (A).

When the brick just reaches at the required height,
the man saves the excess kinetic energy possessed by
the brick.
So, percentage energy saved is

1 2
KE E muo

——x100= T
KE+PE Emvz+mgh

x 100%

2

% saved = x100%

v* +2gh

(10)*
(10)*+(2)(10)(5)

Hence, the correct answer is (D).

% saved = %100 = 50%

Work done = Change in potential energy = AU
= AU =mgL-mgLcosé

= AU=mgL(1-cos6)

Hence, the correct answer is (A).

In the critical case, velocity at topmost point should
be zero i.e.,

v=0

75.

76.

Using Law of Conservation of Energy, we get

lmu2 - 1mv2 =mgh
2 2

= v*=u*-2gh
= 0=u’-2gf [ h=t}
= u=.2gl

Hence, the correct answet is (B).

For a simple pendulum, when string is vertical, ten-
sion in the string is

H’IUZ

T, =mg+ I

In extreme position (v=0), so tension is
T, = mgcost

Given that, T; =2T,

2
mo
= mg+T = 2mg cosf

The speed (v) at the lowermost point is given by
v=/2gL(1-cos6)

= mg+ %[ZgL(l—cosﬂ)] = 2mgcosf
= 1+2-2cos0=2cos

= c<356'=E
4

Hence, the correct answer is (D).

Total mechanical energy = mgH
1

Given that E ==
KE 2

= PE=%mgH and KE=§mgH

So, height from the ground at this instant is & =%
and speed of particle is
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Hence, the correct answer is (C).

80.
77. Decrease in potential energy = Increase in kinetic
energy
1 4
= —m’= mg(ﬁ——)
2 2
= 0=
Hence, the correct answer is (B).
78. If x; be the compression in the spring initially, then,
in equilibrium,
F+m
xi=—lg (1) 8L
k
Let x; be the final elongation in spring when lower
block just lifts. For this to happen, we have
kx ;= m,g
m
= x= ng ...(2)
Now by Law of Conservation of Energy
Increase in .
- Decrease in
Gravitational . .
. =| Elastic Potential
Potential r £ Spri
Energy of my fictgy Of 9pring
= mg(x;+x; ) = 1k(xj" —x})
2
Substituting the values of x; and x; from equations
(1) and (2), we get
82,

F=(my+my)g

Hence, the correct answer is (C).
79. W, =Wy, = AU+AK

AU = (AU ) g, + (AU )¢
AU =Uy -U, + U - Uj
AU=U--U,=0-(2)(10)(1)
AU=-20]
AK = (AK) 45 +(AK )p_c
AK=Ky -K, +Kc K
AK=K.-K,=0-0

L 2 e

AK =0

Hints and Explanations H.31

So, W, =-20]

Hence, the correct answer is (B).

Since, %th energy is lost i.e., ith kinetic energy is

. . . . Y,
left with the particle. Hence, its velocity becomes Eﬂ
under a retardation of ug intime ;.

v
= ED=U0*.U£f0

%
= ugty= £y

Lo
2gt,

Hence, the correct answer is (B).

F
[+ 4
L
-
o.
<
L
Vv

Fiypy = mgsind = %mg

3)(4) 3
= 9: — — = —
Fonan = HIMg COS ( J[ : ng S8

= foax =Mgsing = %mg
Block will move upwards when

kx, =fmﬁx+mgsin3=gmg (1)
By Law of Conservation of Energy, we have

Mgx, = %kxé

—m

= M= kﬁ - ﬁ — 3_m
29 2 5

Hence, the correct answer is (A).

Retardation o< x

= a=-kx
d
= v—U =—kx
dx
= vdv=—kxdx
= Ivdv: ka‘xdx
v? k2
= —=—-—
2 2

mvz 2

= " _KE=—km>
2 2

= KE.ox

Hence, the correct answer is (B).
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83.

84.

85.

86.

87.

Potential energy of particle at x = \/% ie., for x>0
is zero

So, Total Energy = Kinetic Energy =E

1
= —mv*=E
2

Hence, the correct answer is (B).
P=(Fy)v
where

Eoo =mg +0.1mg +0.02mg
= F4=112mg
= P=(1.12)(1000)(10)(10)

= P=112kW
Hence, the correct answer is (A).

Unit vector corresponding to f+}+l§ is %
o, F:S—Jg(§+}+£)=1oﬁ(ﬁ+j+/§)

Since, W =F-A7 =F-(F, -7)

= W:lO\/?_;(thE)-(Zsz)

= W=10¥3(2+1)=30V3 |

Hence, the correct answer is (B).

By Law of Conservation of Energy, we have

Loss in Gravitational | [ Gain in Elastic
Potential Energy | | Potential Energy

= nrfzg(hﬂc):%kx2

Putting values to solve the Quadratic Equation, we
get
x=01m

Hence, the correct answer is (A).

Tension is maximum at the lowest point, so
m
I = _(”2 8 ")
r
Tension is minimum at the highest point, so

Ty = ?(uz —5gr)

T
Given that —& =4
Ty

88.

89.

90.

= 4u2—20gr=u2+gr
= 3uf=2lgr
= u=.7gr

Since v* = u* - 2gh

= v=,7gr-2g(2r =\/@

= = 3(10)(?] =10 ms™

Hence, the correct answer is (D).
Velocity of bob at the lowest point just before hitting
the pin is

o> =2gL(1-cose)

It will rise further to a height 1 (say), then by Law of
Conservation of Energy, we get

mgh = %mvz
2

= h:v—
2g

=L(1-cosa)
Now h=(L-#)(1-cos8)
= (L-#)(1-cos#)=L(1-cosex)
Lcosa!i]
L-7¢
Hence, the correct answer is (C).

= 0= cosl(

Applying Law of Conservation of Mechanical Energy,
we get
T FDI 1 2
——=—muvy +mgl
o T pMutmg

l
= 7= E(?[FO -2mg)
Hence, the correct answer is (A).

In this case, the particle has both tangential and
centripetal accelerations. Given that

HT=(If
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[ ] ]
dv
—=uot
dt
v t
= Jdv=ajtdt
0 0
ot?
= U=—
2

91.

92.

. _[2, 2
Since, ., = +/ac +ar

Since a,, is equally inclined to a. and a, so ff = 45°
o_Ur
= tanf=tan45°=—=1
fc

ot _at><4><2_

(vz]‘ oAt
p
At t=2s,we have

a(2)x4x2 _
2 (2)*

= a=1ms>
Hence, the correct answer is (B).

Since the car is moving with a constant velocity, so
Applied Force = Force of Friction

= F=50N

= W=Fs

=  W=(50)(1000)
= W=5x10*]

Hence, the correct answer is (A).

When it is lowered gradually then to attain the equi-
librium, we have

mg = kd ..(1)
Further when it is allowed to fall suddenly, and if x is

the maximum stretching in the spring, then by Law
of Conservation of Energy

Loss in Gravitational Gain in Elastic
Potential Energy  |=| Potential Energy
of Body of Spring
= mgx= lkx2
2
1
= mg= Ekx ...(2)

Equating (1) and (2), we get
x=2d

Hence, the correct answer is (B).

93.

94,

95.

96.

Hints and Explanations H.33

By Law of Conservation of Energy
1 my* = 1 x?
2 2

= %(4)(1.6)2:%(2&2

= x=226m
Hence, the correct answer is (C).

1= g(sin30- pcosd)
= a=9.8(%—0.2§]
= 2=9.8(0.3268)
= a=32ms>
Since v* - (10)* =2(3.2)(10)

= v*=164

F
[+ 4
L
-
o.
<
L
Vv

= 0=13ms”

Hence, the correct answer is (B).

Speed will be maximum at equilibrium, i.e., when
F=kx

F
= x=—
k

Applying MWET, we get
W, =AU+ AK

= Fx= lkvc2 +lmv
2 2

- 2
= F(F)=lk[1:) +1mv7‘
k) 2 \k 2

2

=

L F
Jmk

Hence, the correct answer is (A).

Loss in Kinetic ) _ ( Gain in Gravitational
Energy | Potential Energy

1 - 1 5
= —mVy——mV~=mgh
2" ) g

= Vi=V;-2¢h

= V=yVj-2gh

Hence, the correct answer is (C).
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97.

98.

99.

Potential energy of cube at position 1,

U, = Mg(4R)=4MgR
Applying Law of Conservation of Energy between
1 and 2, we get

K +U =K, +U,

= 4MgR =2MgR + %MUZ

=  4MgR = Mv*

= vz=4gR

M 2
Since, N = TU_MX

= N-= %(4Rg)—Mg =3Mg
Hence, the correct answer is (A).

Let | be the length of spring at the situation shown in
Figure.

h
= cos(37°)=7

h 5h
[:7: —_—
cos(37°) 4
Extension x in spring is
x=I1-h= %—hz b
4 4

By Law of Conservation of Energy, we have
(Loss in EPE) {Gain in KE]

of springs of Bead
= 1kJ{2+1kx2=1mv2
2 2
. 2(1(1000)E]:1(5)vz
2 16 2

= o* =25/
= pv=>5h

Hence, the correct answer is (A).

Speed of ball is maximum at equilibrium, so
mg
Xy =—=
eq k
Hence, the correct answer is (A).

Multiple Correct Choice Type Questions

1.

According to Work-Energy Theorem for a non-conser-
vative system, we have

W, +W,, = Ak (OPTION (C))

Also, we know that the work done by a conservative
force equals the decrease in potential energy, so

W, = -AU {OPTION (B)}
= W, -AU=Ak [OPTION (A)}
Hence, (A), (B) and (C) are correct.

Tension in the string will be maximum when mass m
is at point B, so

mUZ

T=mg+——
&

By Law of Conservation of Energy,
%mv2 = mgh =mgt(1-cos6)
= v"=2g/(1-cos(60°))

= T=mg+w( —1)
! 2

= T=2myg

For mass 4m to be stationary, f 2T
= u(4mg)=2mg

= uz05

Hence, (A) is correct

When m moves from A to B it has vertical displace-
ment downwards, i.e., along the direction of gravita-
tional force.

So, (B) is correct.

Tension is always perpendicular to the velocity, so
power delivered by the tension is zero.

So, (C) is correct.

According to Work Energy Theorem,

Wtofal =AK

Since work done by tension is zero therefore work is
done only by the gravitational force. So, (D) is also
correct.

Hence, (A), (B), (C) and (D) are correct.

P = (Total Frictional Force) (velocity)
= P=(mf)o

= P,=mg(sinf)v= mgho

Hence, (A), (B) and (C) are correct.

Using the concepts of Laws of Motion and Kinematics
we can draw following diagrams and then using the
definition of work, we can find corresponding work
done.
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Hints and Explanations H.35

L]
o7=40 7220 F, is conservative because it is always directed towards
3 N a fixed point P, . Therefore, W; can be directly calcu-
T T i T lated as
Sy=015m o= l S,=03m I ‘ W, = F (PP, )=(20)(6v2)=12042 ]
2k
L e Similarly, W, = F,(OP, ) =(30)(6) =180 ]
l l 6(”.‘"]2) 3r

and W, = J Fds:JlSds
10N 20N 3 3

0 0
Hence, (A), (B), (C) and (D) are correct. ) P
T
W; =15l =457
For a light string pulled by a constant [+ 4
Hence, (A), (C) and (D) are correct. (1]
Force F=40 N, tension (T) in the string is also 40 N. [
So, T=40 N 7. According to Work Energy Theorem, work done by all [fa %
the forces is equal to change in kinetic energy, so <
Since W=40]=Fs where F=40-20 N=20 N
Wtofal =AK I
= 40=20s U
= W +W,=AU+AK
= s=2m
Since acceleration is constant, so vet and hence N
P=rv
= Pt
Also, v=+/2ax ma Kx
= P \E .
So, all options (A), (B), (C) and (D) are correct.
Hence, (A), (B), (C) and (D) are correct.
Work done by F, is Mg
P, Since, W,. =0, because friction is absent
W, = _[Pl cos 0ds So, W =AU+ AK
P
= (M), = Sk,
Where, ds=(6)d(-20)=-12d0 and F, =20 N 2
0 2Ma
= Xpax =
o W= -240 _[ cos 6o k
/4 The block will execute SHM and its initial position will
be the one of the extreme positions i.e., block returns
— W =240sin ( r ) —120§2 ] to its initial position after maximum elongation in the
! 4 spring and compression in the spring is zero.

So, (D) is also correct.

0 NJ2g T Hence, (B) and (D) are correct.

8. W=JF-dF=J(§EY+}Fy)'(fdx+}dy]

~ 4

W=J‘(7?—6})‘(fdx+}dy)
-3 4

= W=7de—6J.dy=—21—24=—45]
0 0
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10.

11.

12.

13.
14.

Displacements along the direction of X and Y axes
are opposite to the direction of force acting along the
respective directions, hence the particle must have
some velocity at (0, 0).

Hence, (B) and (D) are correct.
Inregion AB, sect

= v =constant

= AK=0

= W, z=AK=0

Similarly, from B to C, slope of s- graph is decreas- 15

ing, so v is also decreasing and hence

W = AK = NEGATIVE
Hence, (B) and (C) are correct.

Let m be the mass of the block
Initial elongation of the spring will be

mg
X, =— ].
1 k ( )
On application of F work done by F and gravity is

used to increase the elastic potential energy of spring.
So,

(F+mg)x0=%k(xl+x0)z—%kx,2 ..(2)

From (1) and (2) we get,
oo
07 k
Work done by applied force F is W = Fx,
Hence, (C) and (D) are correct.

Since P=F-3.At1sand3s, P is positive. Hence,
angle is acute. At 7 s power is negative. Hence, angle is
obtuse.

Area under P-t graph is the work done which equals
the change in kinetic energy.

Hence, (A), (C) and (D) are correct.

In a conservative field, the work done W by the  16.

conservative force is always equal to the decrease in
potential energy.

= W, = U —Ugina = AU

= W, =U,-Ug

Decrease in potential energy implies U, > Uy
Hence, (B) and (C) are correct.

Conceptual (B) and (D) are correct.

By Work-Energy Theorem

lmv2 —lmuz =F3
2 2

K.E. increasing with time means v > u
= Either 6=0°
OR 0<0<90° ie. O is acute

W
OR P= n # 0, because

W0

Since, K.E. is increasing, so P.E. must be decreasing and
hence height above the ground must be decreasing.

Hence, (A), (C), (D) and (E) are correct.

Force on the particle is given by

F=-VU

- JU. JdU 2

F=——i-—j=-16 6
= Bxl ay] (xy+)r

Now, for initial accelerationie. t=0and x=1, y=1,
we have

i=— =12 6]
M

= |il=6y5ms™

Since particle is at rest at x=1, y=1s0, the total
mechanical energy (E) is

E=U+K
= U(1,1)+K(1,1)=E
= E=9]

According to modified work-Energy Theorem, we
have

W = AU+ AK
Since the particle is moving slowly, so AK =0
= W, =AU=U(0,0)-U(1, 1)
= Wy =-9]
Hence, (A) and (C) are correct.

Free body diagram of block is as shown in figure.
T=F=40N

)

mg=20N

2kg

From Work Energy Theorem
W, .. = AKE



17.

18.

19.
20.

= (40-20)s=40

= s=2m

Work done by gravity is
W, =-20x2=-40]

and work done by tension is
Wr=40x2=80]

Hence, (A), (B) and (D) are correct.

From 0 to t;, slope is increasing, so speed is increasing.
Hence, work done is positive.

From t, to 1,, slope is decreasing, so speed is decreas-
ing. Hence, work done is negative.

From t, to t;, slope of s-t graph is zero, so speed is
zero. Hence, work done is zero.

From t; to f,, slope is constant, so speed is constant.
Hence, work done is zero.

Hence, (A), (B) and (C) are correct.

As soon as the block hits the wall, the suspension
point B comes to a stop, whereas the particle C keeps
moving with a velocity v, towards left. In order that
it complete a full circle, it must have kinetic energy
enough to take it to the top of the circle.

= %mvﬁ =mg(21)
= 1y =444l
Hence, (A) and (C) are correct.

Conceptual (B), (C) and (D) are correct.
K.E. o<t

= lmv"‘ =kt
2

v:\/gfl'l.z (1)
m

dv Zk(])
= g=—=|—| —

- E “\'m 2\/?
Since F=ma
1
= Foe—
Jt
From (1), we get

t muv
- =0 G

21.

22.

23.

Hints and Explanations H.37

k
= a=—

mo
= 1-'<>c1

v

Hence, (B) and (D) are correct.

Motion of block is non-uniform circular motion, so,
acceleration is not constant throughout.
AtB:

Hence, (A) and (C) are correct.

F=-VU
= F=

F
[+ 4
L
-
o.
<
L
Vv

7i-24]

= ma=7i-24]

-~ 7o 244
= a=—i-—]
5 5

= |£_z|=5ms’2
Also, a-u=0
= alu

Further we have

v=u+at
= 5:(14.4?+4.2})+(Z§—%})4
5 5
- . o (28~ 96
= v=(14.4i+4.2j)+(?8i?6j)

= 0=(144i+42])+(561 -192))
= 0=20i-15]

= |o/=v202+15> =25 ms™
Hence, (A), (B) and (C) are correct.

By Law of Conservation of Energy, we have

1
Emu2 +0=0+mg/(1-cos6)

Since 1-cosf = 25inz(g)

= u'= 2gﬂ[2sin2(g):|

0 .1 u
= =—=sin
2 2gt
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24,

25.

26.

27.

= 0= 251n"1(

1
)
Hence, (B) and (C) are correct.

At the highest point, if T and ©" be the respective
tension and velocity, then
2

mg+T = o
Since T’ =2mg
2
= =mg+2mg

U'=@

By Law of Conservation of Energy
L 1 2
Zmv"* +me(20)==myv
2 g 2
where v is the velocity at the lowest point

= v=7gl

Hence, (B) and (D) are correct.
1
W, =U; - Uy =_Ek(x§ _x12)

1
Since Ws, = Ekx2

So, x,=0and x, = x i.e, either the spring was initially
stretched by a distance x and finally was in its natural
length or the spring was initially compressed by a dis-
tance x and finally was in its natural length.

Hence, (A) and (C) are correct.

In equilibrium F =0

Since, F = _dau
dr
au _
dr

Either U is zero or it is a non-zero constant.
So, for equilibrium, we have

Either F=0, U=0
or F=0, U isaconstant (but not zero).
Hence, (A) and (C) are correct.

In simple harmonic motion, the body is accelerated at
all points except at mean position.

At the starting point, spring force is zero. The only
force is mg (downwards). Hence, acceleration is
maximum, i.e,, ¢ (downwards). From mean position
to initial position, retardation is due to forces, spring

28.

29.

force and force of gravity. When spring is detached
only gravity is left i.e., retardation has reduced and so
the block rises to a height greater than from where it
was released more height.

Hence, (A), (C) and (D) are correct.

a:i——l[a—uha—u"] {m=1kg)
m

- ﬁ " 9
a=—=—(3s+4])=constant

n
= a,=-3ms” and a, =4 ms™

= a=at+ ai =5ms™ = constant

Hence, (A) is correct
v, =-3t and v, =4t

1
x=6+—a](t2 =6—ixt2
2 2

and y= 4+%ayt2 =4-2f

Particle crosses the y-axis when
x=0ort=2s

speed of particle at this moment
v=at=5x2=10ms™

co-ordinates of particle at f=1s are

(x,y)=(45,2)
Hence (C) and (D) are also correct.
Hence, (A), (C) and (D) are correct.

Work done against friction on ice is zero and work
done against friction on the road is (umg)? . So, aver-
age work done is

0+ (umg )t
_ ¥ = m —
2 (1mg) 2
Thus, indicating that the effective length of the sledge
that has to be dragged so that it just gets completely on

the road is E .
2

Distance covered by the sledge on the road before

UZ

%. { 02—v§=2(—yg)s}

So total distance moved by the sledge is

coming to rest is
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Distance covered by the sledge on the road is

A A
ug 2} \2ug 2

Hence, (B), (C) and (D) are correct.

30. Inuniformly accelerated motion

v=u+at

and v =u*+2as

= v=+u*+2as

So, powet, P=Fo=F(u+at)

also P=Fyu®+2as

i.e., power varies linearly with time and parabolically
with displacement.
So, (B) and (C) are incorrect

Hence, (B) and (C) are correct.

31.

F

a

k -»

|

r
|
|
|

x=-a x=0 «x=b
Work done by spring on block is

W= ka2 - Lt = Li(a2 - )
2 2 2

According to MWET, we have W, = AU + AK
Since AK =0

= —;tnfg(a-t-b):%k(bz—az)

= umgla+b)= %k(a2 -b?)

_k(a-b)

= U=

2mg

Hence, (B) and (C) are correct.
32. Work done by spring in parts (A) and (C) is %kx2 and

work done by spring in parts (B) and (D) is —%kx2 .
Hence, (A) and (C) are correct.

33. Atmaximum extension, x , we have

1,2
mox = —kx
& 2

34.

35.

36.

Hints and Explanations H.39
2mg kx =2 mg
= x=—
k T
X
When x'==, F , =0
2
m a
When x"=x, then T
kx —mg =ma
= a=g (upwards)
mg

Hence, (B), (C) and (D) are correct.

= = oU ~oU  »dU
F—Vu—(fax‘l‘jay‘l‘kazJ

= F= k( y? + x})
Work done by this force field is independent of the

path followed between any two points and hence this
force field is conservative in nature.

—
[+ 4
18]
-
o
<
I
Y

Hence, (A) and (C) are correct.

Power, P=F-9

Between O and A angle between F(=mg) and @
is greater than 90°. Hence, power is negative. At A
angle is 90°. Hence, power is zero. From A to B
angle is less than 90° therefore, power is positive.

0] B
At any instant, f
F=-mgj

A

%= (ucosB)i +(usind - gt)]
= P=F-5=mg(gt-ucosh)
= P=mg(gt-ucosh)

ie., P varies linearly with ¢
Therefore, OPTIONS (B) and (D) are correct
Hence, (B) and (D) are correct.

Momentum, p=+2mK

Therefore, without knowing the mass we cannot
compare the momentum.

From Work Energy Theorem, more work will be done
to stop B.
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37.

38.

39.

40.

2
. . v
Distance travelled before stopping is s= 2 where
a

a=ug.

Again, distance cannot be compared unless v is
known and for v mass should be known to us.

Hence, (B) and (D) are correct.

In region OA particle is accelerated, in region AB
particle has uniform velocity while in region BC
particle is decelerating. Therefore, work done is posi-
tive in region OA , zero in region AB and negative in
region BC .

Hence, (B) and (C) are correct.

For x>0, F=-ve
For x<0, F=+ve

From x=3 to x=1, displacement is in negative
direction.

From x=-1 to x=-3 also displacement is in nega-
tive direction.

Now work done is positive if force and displacement
are parallel to each other and work done is negative if
they are antiparallel.

Hence, (A) and (D) are correct.

1
—(dm)v* Ad 2
Power Loss = 2 =1( L =19Av3
dt 2 dt 2

Further, Power = Fo = %pA i

1 2
= F=—pAv
’ P
Hence, (A) and (C) are correct.
1
FxD = EkXé

= X i
) =—
k

Work done by applied force is

Hence, (C) and (D) are correct.

Reasoning Based Questions

1.

Work done by force of gravity is path independent
near the surface of Earth, for one reason that the force
of gravity is constant near the surface of Earth. Also
work done by force of gravity is path independent at
greater height as the force of gravity is a conservative
force.

Hence, the correct answer is (D).

According to Work-Energy Theorem, work done
equals change in kinetic energy, so

W=Fx=%mvz=AK

Since for both the cars of different mass, AK will be
different, so W is also different.

Hence, the correct answer is (D).

Since M, < Myq » SO retardation on the car is more

than the truck and hence the car will stop earlier in
lesser distance.

Hence, the correct answer is (D).
_au

dx
F=0 atpoints B and C.

F=

Hence, the correct answer is (D).

At the topmost point, the velocity is \/gT? (#0),
because to just complete the circle, velocity at lowest
point is \/SgiR . At the highest point velocity is zero,
however acceleration is non-zero equal to g .

Hence, the correct answer is (D).

1 5

—mv” = mgh

) 8
2
2g

Also, %(Zm)vz ~ (2m) gh,

Hence, the correct answer is (A).

Work done and power developed is zero in uniform
circular motion, because FL7. Also P= %, S0
Statement-2 is the correct explanation to Statement-1.
Hence, the correct answer is (A).
W(mg)+W(sp)+W(Man)=0

= -AU+E+W=0

= AU=E+W

Work done by spring force is positive when a com-
pressed spring is released or stretched spring
released.

Hence, the correct answer is (C).
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9.

10.

By Law of Conservation of Momentum, we have

O = mlvl - m:sz

and K; +K, =E the energy released in explosion

L Ekm
K, m
= P=+2mE

Hence, the correct answer is (C).

Statement-1 is false because normal force cannot do
any work in the absence of any displacement. The
Statement-2 is correct because an external force alone
can shift the position of centre of mass.

Hence, the correct answer is (D).

Linked Comprehension Type Questions

1.

Just before the cord comes in contact with the peg, we
have

M—08m——Ph

h = 0.8 sin (30°)

hh=0.8sin30°=0.4 m

= vz=2gh

2
So, T, - mgsin(30°) = %

1

{R;=08m}

T, - mg m(2g)(0.4) _3mg
2 0.8 2
Hence, the correct answer is (C).

Just after the cord comes in contact with the peg, we have
h=0.8sin(30°)=0.4
= v’=2gh

2
So, T, —mgsin(30°)= r;z{_v

= TI,=
) 04
2

Hence, the correct answer is (A).

3.

Hints and Explanations H.41

At maximum extension (situation of momentary rest),
V4 =TUp = Z€T0

By Law of Conservation of Energy

Loss of Gravitational Gain in Elastic
Potential Energy  |=| Potential Energy
of block B of the spring

= (20t = 5

_dmg

max
k

=
Hence, the correct answer is (D).
X 2mg

At y=ax _
2 k

v, =0p =0 (say)

, we have

{Because A and B are connected by a rigid string}
Then by Law of Conservation of Energy

Decrease Increase in Increase
inGPE |=| EPEof |+| inKEof
of B the spring both blocks

= (2m)gx= %kxz +%(m+2m)v2
: 2
© o)A o

8ng7‘ _ 4ng2 3m

= 3mv’=
m

= v=2¢,|—

Hence, the correct answer is (D).

At x= x'j‘Ta" = % , we draw the free body diagrams

for the blocks A and B, below

adsl=4a
a(=2) IT; f l

‘ ' ag(=a)
x4——F A +—>»T B

i i

mg 2mg

Since A and B are connected with a rigid thread, so at
any instant a, =ag =a (say)

F
[+ 4
L
-
o.
<
L
Vv
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ae
= T-ke=ma 2g(hy g )sin*@
= T-mg=ma (1) '.'x=T 28
Also, 2mg - T =2ma (2) = h=2+4sin’0
Solving these two equations, we get We can see that h=6 m only when 8=90°
mg = 3ma Hence, the correct answer is (B).
¢ 11. Since, 71 =2+4sin’6,s0at #=30°, h=3m
= 173 Hence, the correct answer is (A).
Hence, the correct answer is (C). 12. dW=EF.di
6. By Law of Conservation of Energy - dW= k( yldr+ 2%y dy)
lmvz =mgH —mgh 2 3
2 N dW:k[y3d(?]+x3d(y?H
= ov=,2¢(H-h)
Hence, the correct answer is (D). L dWe k[a‘[ ¥y H
7. From concepts of projectile motion, we have
k(2 3
h= gt - W=de=§(xy)
2
k (1:0) 94
2h =— 30 = — — =
o = B W, 0)(a,0) S(xy ){0,0} 3(0 0) = zero
Hence, the correct answer is (B). Hence, the correct answer is (A).
= k (a, a)
8. s=ut 13. W(ﬂlo)_)(a,afg(xe‘y}’) =§(aﬁ—0)=3a6
2h (4.0)
= s=y2g(H-h )\/; Hence, the correct answer is (C).
(a, a) 6
= s=2Jh(H-h) L) 14 IN(O,D]—)(n,a}=g(x3y3) _E(ﬂo):’%
For s to be MAXIMUM, s* has to be MAXIMUM. (©-9)
Hence, the correct answer is (C).
d (52)
So, I =0 15. Since we observe that the work done in all the three
6
- % [4h(H-1)]=0 pathsis samei.e., % . So, work done due to this force
is independent of the path followed between (0, 0) to
= H-2h=0 (a, a).Hence F is a conservative force.
- h= H Hence, the correct answer is (A).
2

16. W . =mghcos180°
Hence, the correct answer is (B). mg = MghCos 180

= W, =(2)(10)(2)(-1)=—40]

H)\(H s
9 Sna =2 (? )( E) From Work Energy Theorem, we get
= s...=H Wing + Wopthrust = AKE
Hence, the correct answer is (D). = A0+ Wpiruse =16
u%sin® @ = Wipthrust =96]

10. Total height h=2+

Hence, the correct answer is (D).
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17. Let p be the density of ball, then

56 = (upthrust force ) x ( displacement ) x cos0°

= 56= ( ]p g><2—g><1000><10x2
P P

40
10° k
- orE (56J>< g

= p= ; x10° kgm_3
Hence, the correct answer is (A).

18. At equilibrium 7,

du
F=—=0
dr
Lol 2B
dr =n Ty 1
2A
Hence, the correct answer is (B).
dl 2A B
19. Since, — =-—+—
dr rPoy?
art P
du 6A 2B
= o7 = PPN )
) )
B B
d*u
= — = APOSITIVE VALUE
drt |, 24

h=

So, U is minimum at equilibrium position #,. So, the
equilibrium is stable.

Hence, the correct answer is (A).

20. Work done by a conservative force equals the decrease
in potential energy of the particle. So,

W= ui - uf = uatequilibrium - uat )
2
Now U; =Uy,, = [ﬂ; 5__ B
0 o 4A
and U_=0

2

So, work done by external agent will be f—A, so that the
particle is taken from equilibrium position to infinity.

Hence, the correct answer is (B).

21. For velocity to be zero, i.e., kinetic energy has to be
zero, so the total energy must be purely potential.

22.

23.

Hints and Explanations H.43

38° A B

16A 2 r

2 4A
Also, we observe that at r = % = X we have

__A B
C(4AY (&J
[5) 5
B> B
T16A 24 —
3B E
“iea -
Hence, the correct answer is (C). &
In equilibrium (E,, =0) T
T =kx 1) B
2T+g=mg ...(2)
2
oT + %
— X T
Jox 4—— —»T v T ’ Ti
P 21 2
—»v l
mg
Solving these equations, we have
_2mg _2x1x10 —04m
5k 5x10

Hence, the correct answer is (B).

Let v be the speed of block placed horizontally, then
by Law of Conservation of Energy, we have

\2 \2
1mvz+1m[UJ +1kx2+1k(xJ =mg(x]
2 2\2) 2 2\2 2

_ §(ﬁ_ﬁ]
3\2 8m

Substituting the values, we have

_ §(10x0.4_3x10x0.16)
RENN 8x1

= =193 ms'
Hence, the correct answer is (B).
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24.

25.

26.

27.

28.

29.

30.

1<15=%(4)(20)2

— KE=800]

Hence, the correct answer is (C).

Work done from OAB

Area = %(4)(12)= 247

Since the force is non-conservative from (0 to A, so KE
must decrease and hence KEat x =4 m is (800-24) |

= KEleym=776]

Hence, the correct answer is (C).
Gain in KE from BCDE is 60 ]

So, new KE is (776 +60) J=836]

Hence, the correct answer is (B).

A — O is a non conservative force, so again negative
work will be done while going back.

Hence, the correct answer is (C).

a, = gsin60° = 5y/3 ms™

2

a, =2 =16 ms™
R

= a=ya’+a’ =182 ms”
Hence, the correct answer is (C).

Height from bottom at when 6=60° is

k1=R(1fcos60°)=§=O.5m

Further height raised,
2
==X _0gm
2¢ 20

Now since hj+h, =1.3 m>R

The bob will rise to 8=90°, but there string will slack
and total height will be less than 1.3 m.

Hence, the correct answer is (C).
a=gsinf - pgcost

a:10><§—0.5><10><§=2ms‘2
5 5

Velocity of block at B or at C is

v=+205 = f2x2xL=1K%
sinfl 3

For the block, not to leave contact anywhere

v<,/2gR

31.

32.

33.

34

35.

= %SJZ«;R
= h<3R

= h<lbm

Hence, the correct answer is (D).

Since, gsinf - ugcosf=2ms

= gsinf > ugcos6

Block will never stop on rough inclined surface. So, it

will cross point C infinite number of times.
Hence, the correct answer is (A).

Potential energy of the projectile at any instant will be

U=1mv§ ,LWZ
2 2

dv a-
t

Since, m =1kg, i = tangential acceleration

:afz—
v

dau

dt
Hence, the correct answer is (B).

=a-v

Atheight &, we have

K= %mvéfmgh

and U =mgh
2
E =% —1=constant
u 2gh

Hence, g versus % graph is a straight line not pass-
ing through the origin.
Hence, the correct answer is (B).
1
KEl,-5 =7 (2)(4) =16]
PEl5=20+(5-2)"=29]
= Total Energy = Mechanical Energy
So, E=U+K=16+29=45]
= E=45]
Hence, the correct answer is (C).

KE possessed by the particle will be MAXIMUM,
when PE is MINIMUM i.e. at x=2m

So, PElymy =20]
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36.

37.

38.

39.

= KElyax=45-20=25]

Hence, the correct answer is (B).

The particle will be in equilibrium i.e. F=0
au
dx

= x,-2=0

= 0

= X=2m

Hence, the correct answer is (B).

Let lower spring compresses maximum by x metre,
then by Law of Conservation of Mechanical Energy,
we have

Increases in elastic
potential energy of
both the springs

Decreases in
potential energy |=
of block

= (2)(10)(Jc+1)=%><10><x2+%><10><(3c+1);Z

= 20x+20=5x"+5x"+5+10x
10x* -10x-15=0
= 22-2x-3=0

L2 i
4

U

=182m
So, maximum extension in the upper spring is
Ymax = 1+x=282m

Hence, the correct answer is (C).

At equilibrium position net force on the block should
be zero. So, let it is at distance y from where it was
released.

Then,

mg =Ky +K(y-1)
= 20=10y+10(y-1)
= 20y=30
= y=15m
Hence, the correct answer is (D).
Equation can be written as,
v* =(9+4s)
Comparing this with v” =u” + 2as , we get
u=3ms™ and a=2ms™
At t=0, velocity is 3ms™ and at t=2s, velocity is

7 ms™ . From Work Energy Theorem, we have

_ Lo oy 1
W_KI—K,-_Em(vf—vf]_5(2)(49—9)

40.

41.

Hints and Explanations

H.45

= W=40]

Hence, the correct answer is (D).

Pav=Pinst
W
= T=Fvinst
2
1 |90
= —m(f )=E(mav)
t 4
= (3421 -(3)=Zatw

= 9+4t2+12t—9:%(2)(t)(3+2t)

= 4P +12t=9t+6t
= 242=3t
= t=15s

Hence, the correct answer is (A).

T, = mgcos@
mvz m
L-mg=="- =7(28h)

2
= T,-mg= %(l—cosﬂ)ﬁ

= T,—mg=2mg(1-cosh)

= T,=mg+2mg(1-cosh)
Given T, = 2T,

= mg+2mg(1-cosB)=2mgcoso

= cosf= E
4

= 8=cosl(§]
4

Hence, the correct answer is (D).

42. Tension is maximum at bottommost point, so

2 —
Amax = Sk =

m

F
[+ 4
L
-
o.
<
L
Vv
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43.

44.

45,

ICON

max = 2 Mg

I !

/ 8

2/(1-cos8)
5 —=1

/
= 2-2cos0=1 Bmax
= 2cosf=1
= 6'=c¢:)s‘1[l]=E mg
2) 3

Hence, the correct answer is (D).

Let t be the time taken by the ball from B to C.

L
R=—gt
28’
= [

8
Since, x = vt
= 2R=v/E

8
= 0v=,2gR

Applying Energy Conservation at points A and B,

we get
lmvé = lmvz +mg(2R)
2 2

= Uy =,/6gR
Hence, the correct answer is (D).

v, =gt
= 7,= g\/% = /28R
and v, =/2¢R

v
tanf=—-L=1

Uy

= 0=45°

Hence, the correct answer is (B).

Since all surfaces are frictionless, so collision is elastic,

hence
v = ,,‘vf +vff = 29R+2gR
= v’=2\/g7R

X' ——P

Since, —R =1"sin(45°)t - % gt

- 1R,
t—\/;(lx/i)

x’ = (v’ cos(45°))t
- x=2(1+2)R

Hence, the correct answer is (C).

. By Law of Conservation of Energy, we get

2

7¢L
1miz mgL+%mvl

2

= 7gL=4gL+20]

y
vy
(0] X
,l
!
'.1
L lz,
-7 feL
oo %
3
= vf:EgL
Av =7, -1
- 3 A 7 "
= A= —ol, -— —ol |1
(Vzg ]f [\ng ]

3 2g9L
= |Av|=,|=gL+——
| A S8L+=

= |A5|=@

Hence, the correct answer is (D).
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47.

48,

49,

50.

51.

52.

7gL
Since lm(LJ =nvsz(l+siné))+1mv2
2 2 2
= 7gL=4gL(1+sing)+ 20
= 20" =gL(3-4sind) (1)

VA

h=L(1+sing)

Also, when the motion ceases to be circular, then T =0
mo* .
= ——=mgsing
L
v* = gLsing
2gLsin@ = gL(3 - 4sin6)
6sinf=3
8=30°

Hence, the correct answer is (A).

L |

v’ = gLsin(30°) = g—;

= U=-vcosbi +vsinbj

- f::\/g;L(—\Ehj)

Hence, the correct answer is (C).

Work done by all the force = change in KE
Hence, the correct answer is (D).

Gravitational force is constant.
Hence, the correct answer is (C).
Work done by kinetic friction in this case is negative

because force of friction is acting in the opposite direc-
tion of motion.

Hence, the correct answer is (C).

Velocity at B is

vg = \[2gh = /2g(2R)

Hints and Explanations

H.47

= z)B=2\/g7R

The normal force N at B is

2
mo
Ng = TB= dmg

Hence, the correct answer is (C).

53. vc=+2gh" =[2g(3R)

= 7c=,/6¢R

2

. mo,
The normal force N at C is Np =mg+—=

m(6gR)
R

= Ne=mg+ =7mg

Hence, the correct answer is (D).

58. vp=2g(2R) =2,[gR

Let the final velocity when its stopsbe v=0.
Retardation offered beyond D is

a=-[ gsin(30°)+ 1 cos(30°) |
= ﬂ=—§(1+\/§1“k)
Since v* - vp = 2ax
= 02—(4gR)=—27g(1+\/§ﬂk)x

4R
1+3u

Hence, the correct answer is (C).

55. e

Let us consider the motion of a point on the free por-

tion of string on which F is being applied. Then

2 2
xX= -
sin(30°) sin(37°)
2 2 10

4

=

F
[+ 4
L
-
o.
<
L
Vv
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56.

57.

58.

2
= Xx=-m
3
So, work done is
w:px=5o(3]=@1
3 3

Hence, the correct answer is (C).

From Work-Energy Theorem, we have

W= AK
1
ﬂ - 1?‘1’1 2 - 502
3
20
= p=.l— ms
3
Hence, the correct answer is (C).
Initial Acceleration is a, = Feos(30°)
m
Final Acceleration is a, = FCL(S’”
m

a; _cos(30°)

So, ratio — =
a, cos(37°)
4 _53
a 8

Hence, the correct answer is (B).

As the particle moves straight from (0, 0) to (a, a),
then it must move along the line

y=x
d
= % =1
dx
= dy=dx
Since, work done is

W=Iﬁ.dfq:'[(yﬁx})(dxﬁdy})

= W=I(ydx+xdy)

Taking y=x, dy=dx and the limits from (0, O) to

(a,a), we get

a
a

W=I2xdx= (xz)‘o = a*
0

Hence, the correct answer is (A).

59.

60.

The path followed is shown in the Figure.

y
A

(a. a)

S X
(0,0) (a, 0)

For the path between (0,0) to (a,0), y=0, so
dy=0.

= W 0)s(e,00 =M = J.ydx +xdy =0

For the path between (a,0) to (a,a), x=a, so
dx=0.

= I/V{rr, 0)—(a, a) = WZ = Jydx + Idy

= wf{rr, 0)—(a, a) = WZ = Iady = 'qz
0
So, the total work done is

W=W,+W,=a
Hence, the correct answer is (A).
Since, dW=F-d( = ydx + xdy
Also, we know that d(xy )= ydx + xdy
= dW=d(xy)
Integrating, we get

W= J.d (xy)
= W= (xy)‘(xz'm

(Xlu n )

= W=xy,-xy,
In this case, we observe that the work done by the
force depends only on (x;, ¥, ), the initial position
and (x,, y,), the final position. So, the work done by

the force depends only on initial and final values of x
and y.

Also, when the object returns to the original position,
then we have (x,, y,)=(x;, y; ), and hence

W=0.

Hence, (A) and (D) are correct.



Matrix Match/Column Match Type Questions
1.

A—(q)
B—(s)
C—(r)
(D) - (r)

Since W,,,; = AK and W =-AU
and Wy =AU +AK = Uy +Ky )= (U; +K;)

A—(s)
B—(r)
C-(p)
D-(q)

vp =14 —2ghap =(99¢)—(2g¢)=7g!

= UB:\/@

= v—B=7
gt

2
Further, Ty = % =7mg

T 7

ng_ 2
Again, v¢ =07 —2gh, = (9g¢)-2g(2¢)=5g¢

= vc=@

2
my,
Further, T, + mg=—¢

= T.=4mg

= —=1
mg

A= ()

B (p)

C—(s)
D—(q)

Att=4ds,

v=at=8ms

and s= %atz =16m

KE:%mvz =32]

ICON

Hints and Explanations

H.49

From Work-Energy Theorem, we have

Work done by all the forces = AKE=32 ]
Work done by gravity

=-mgh=-(1)(10)(16)=-160]

Writing equation of motion, we have, ZFy =ma

Ncos30°+ fsin30°~10=ma =2

= VBN+f=24

Y =0

= Nsin30°= fcos30°

= N=43 f

Solving equations (1) and (2), we have
f=6N

18
and N=—=6\/§N
J3

So, Wy =(Ncosﬁ)(s)=(6\/§)[§](16)=144]

and Wf:(fsin@)(s)=(6)(%](16):48]
A= (1)
B—(q)

C—(p
D—(t)

vy —v; =area under a-x graph =12 ms™'
= 0;=12+4=16ms”
= AKE:lm(vf fv,-z)=120]
2
Work done by all the forces = AKE=120]

1
KI:EmU?:HS]

Work done by conservative forces =U; —U; =240]

F
[+ 4
L
-
o.
<
L
Vv
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ae
Work done by external force i.e. W,,, is given by 275 15
= F=,/[|—=—=75N
Total Work done by 4 2
W, =| work |~| conservative P=EF.%
done forces
= P=(F)()
= Wy, =-112]
= P=(6)(12)=72 watt
5. A—(p,q)
W
B () P, = "
C—(r)
D—)(S) = Paxzpt(va‘)
Angle between net force and the string can never be 1 1
obtuse. Itis 90° at A, 0° at B and acute in between. Jvdt 12Itdt
. A (p’ ¢ ]’.') But Uy = o _ 0
B-(p,qr1) L 1
C—(qr) jdt
D—=(p, ) 0
Conceptual
P 12 4
7. A-(r) = UW=TO=6m5
B (p)
C-1(q9) = P,=(6)(6)=236 watt
D—(qs)
Conceptual 10. A= (9)
B—(r)
8. A-(ps) C—(q
B—(q1) D—(p)
P
C—(p,s)

Just after the vehicle is stopped, the bob swings out

D—=(q 1) to an angle of 60°. So, by Law of Conservation of
Conceptual Mechanical Energy, we have
9. A->(s) 1
B - (r) mgh = - mvg
C—(p)
D—(q) = %mv§=mg€(1—cosﬁ)
v g

R = 7= (10)(5)(1——) 5v2 ms!
= o*=(16)(9¢?)

= ov=12t

dv

a,=—=12
dt

U

= F,:ma,:%(lZ)=6N

2
=9

Att=1s,a,=

v
R mgcos 8
2

mg

= F,=ma,
So, net force on the bob at the lowest point is

F= F — 2
= JE + 1/36+ P (2);50)_20N

/
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Acceleration of the bob at lowest point is
F vf,

g=—=-L=10ms>
m !

At the highest point, net force is
F = mgsin(60°)=10v3 N

So, acceleration at highest point is

a=£=5\/§ ms™
m

Integer/Numerical Answer Type Questions

1.  Since the block does not slide on the wedge. So

(1)(10) _ 10
= mgsin(45°) = ==
f=mg 72 2
v=2ms'
N
f
& s=vi=2m _mg
3 2
) o
69 A mg cog(45°)
45°
45°
Now W, = f 5

= W;=(fcos45°)(2)
e
= W =10]

2. Since, P=Fv

5
F:B:—SXlO
v

=4x10* N

At constant speed, the forces acting on the train are in
equilibrium. Resolving the forces parallel to the hill

1
F=R+(2><105)x x[—]
£\ 50

= 4x10* = R+39200

= R=800N
Therefore, the resistance is 800 N.

Hints and Explanations H.51

(a) The forces acting on the block are shown in the

figure.

[
L

53°

f4—

L

-

Clearly, Wy =0and W, =0, whereas W = Fscos

Wy =~fs=-i;Ns where N =mg - Fsin6
According to Work Energy Theorem,
AK = W +W;

net =

= AK = Fscosf - 1, (mg — Fsinf)s

F
[+ 4
L
-
o.
<
L
Vv

= AK= (30)(2)(0.6)—%(40—24)(2):32]

1 1
Now AK = —mvj; ——mvf=32]
2 2

Since v, =3 ms !

therefore, v =5 ms ™ =500 ems™

(a) By Law of Conservation of Energy, we get

0+mg(4R)= %mvz

2
v

= 4oR=—
8 2

At Q, we have

2 R
N=@=m(88 )=8mg
R R

So, net force at Q is

E, = IN?+(mg)’
= k= \.‘64ng2 + ngz = @mg

= x=65

For block to exert force (on the top of track) equal
to weight, we have

N=mg

mUZ

Since mg+ N =—
g R

mvz

= —=2m
R g



ICON

H.52 JEE Advanced Physics: Mechanics - Il

= 0'=2Rg
Applying Law of Conservation of Energy, we get
mg ()= %m(ZRg)+mg(2R)
= h=3R
= *=3
Let m be the mass of B . From its free-body diagram
T-uN=m(0)=0

where T is the tension in the string and N =mg

= T=pu(mg)
From the free-body diagram of the spring
T-T'=0

where T” is the force exerted by A on the spring

= T=T=umg

(@) (b)
From the free-body diagram of A
2¢-(T"+uN")=2(0)=0
where N’ is the normal reaction of the vertical wall of

C on A and N'=2(0)=0 (because there is no hori-
zontal acceleration of A)
= 2¢=T"=umg
2
m= o S i =10 kg
ug 02

Tensile force on the spring is given by
T=T=umg=02x10x98=196 N

Now, for a spring, we have F =kx
= 19.6=1960x

1
=—m
100
= Energy stored in the spring is given by

X

1 1 1YV
U==kx*==x1960 x[] =0.098 ]
2 2 100

Let v be the velocity of the particle at the highest point.

NG

According to Newton's Second Law, the net force

Fot =N+mg provides the centripetal force to the
body to revolve in a circle of radius R . So

mvz

N+mg=T

The body does not fall at the uppermost point of the
loop if N 20. In the limiting case, N=0. So,

2

-
7R
= z)zzgR (1)

Applying Law of Conservation of Energy at the initial
and highest point of the loop, we get

mgH = mg(ZR)-&-%mvz
From (1), v? = ¢R , so, we get

mgH:mg(2R)+%m(gR)

= H=2R=2.5R
Since R =40 cm, we get
= H=(25)(40)=100 cm

Since W, + W, = AU + AK

Let the block move down the incline through a distance
x, then

frcos(180°)+0= %kx2 +(~mgxsin@) + %mvz

= —(uymgcosh)x= %.’cx2 - mgxsin@+ %mvz

Fs N

&




Xxsing

= p=2ms"

Let u be the speed of ice block when it leaves the table
top. Then

lmuz=lkﬁc2
2

r

If v be its speed when it reaches the floor, then
By Law of Conservation of Energy, we have

(U+K)aa=U+K)ys

= lmu2 +mgh= lmvz +0
2 2

[142
= v=\ut+2gh= E+2g§h
i

Now, x=5cm=0.05m
k=2400 Nm '
m=120g=0.12 kg
h=25m

2
- W=JM+2(10)(2.5)

0.12
= ©v=+50+50=10 ms"'

(a) Increase in thermal energy of block-floor system is

the work done against friction.

= Whiation = Mxmgs = (0.25)(4)(10)(8)

= wfrictinn = 80 ]

10.

11.

Hints and Explanations H.53

(b) Maximum kinetic energy of the block is the
mechanical energy of spring block system which
actually is the energy dissipated as heat =80 ]

) 80= %kxz = %(640)38
= x=05m=50cm

Let ¢, be the unstretched length of the spring, then by
Law of Conservation of Energy, we have

(U+K)atA=(U+K)atg
1 o1 1 1
Ek(3*(0) +Emvi=5k(5*€0) +§m‘1’)§
But v =0

= (3-4y) +4=(5-¢,)

= (94 & -6ty ) +4=(25+ 2 ~101,)

= 16-4/,=4

= [(;=3m

Using our knowledge of constraint relations, we
observe that at any instant xp=2x, and vp=2v,.
So, let v, =v after x,=1m. Using Work Energy
Theorem for a non-conservative system, we get
W, =AU+ AK.

Before we make use of the above relation, we must

observe that

() A move down by x,, so its potential energy
decreases by m,g¢h, where h, = x, sin 6 =

3) 3
(1)(5)—5 m.

Xa

(ii) B moves up by x; =hy, so its potential energy as
well as kinetic energy increases.

= frx,c08(180°) = AU, + AK , + AU + AK;

B
where  fi = tm,gcoso, cosfi:g, x,=1m,
xg=2m, h,=06m, m,=30kg, my=5kg,
g:lOms"z.

= —(ugmygcos8)x, = —myghy +mpghy +

1

2 2
vt + —ma(20)
2 T h

F
[+ 4
L
-
o.
<
u
Vv
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Substituting the values, we get The maximum height of the projectile is
2 ;20000 2 2
—(1)(300)(3]=—(300)(3)+(50)(2)+ o vsin®(90°-6) _v°cos™6
5 5 5 2g 2g
1 2 1 2
E(E;(J)au +E(5)(27)) (30)[5)
25) 24
2 = - =
= —48=-180+100+25v 2(10) 25
F 42 = H=096m=9 cm
V= |[—=——
25 5 = H=24x=9
- x=7 = x=4
12. h=/{sinf=2sinf 14. Speed of each particle at angle 6 using Law of

13.

tion of Energy i
o? = 0 +2gh =25+ 2x10 X 2sin6 Conservation of Energy is
v=/2gh , where h=R(1-cos8)

o = v=,2gR(1-cosb)

Further, T —mgsinf= TU

= 02=25+40sinf

Also, at angle 6, we have

Given, T =2mg 2
N +mgcos = L

. mo? R
= 2mg-mgsing = —
/ = N+mgcosf=2mg(1-cos)

= 2(10)_105m9=w = N =2mg-3mgcosd (1)

When the tube just breaks its contact with the ground

= sinf= % then
2N cos6 = Mg
a1
= 0O=sin 1(1) Substituting the value of N from (1), we get
2p_
So, #=14 4mg cos@ - 6mgcos” 6= Mg
. 3 Substituting, 8 =60, we get
sinf=— 3m
2 2mg - o8 Mg
At Q, T =0 and hence the particle will become a pro- 2
jectile following a parabolic path. - m_,
M

Initially, the normal reaction on each ball will be radi-
ally outwards and later it will be radially inwards, so
that the net normal reaction on the tube is radially
outwards to break it off from the ground.

15. Let v be the speed of ball at point B. Then by Law of

= mo_ mgsin@ Conservation of Energy applied between A and B,
! we get
3 _
= o= \gsing = (5)(10)(5]:Jﬁmsl Uy +K g = Uy +Ky

- %=30 = O+%(])(5)2=(1)(10)(1)+%(1)02
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2
- TP g
2 2
= =5

Force acting on particle at B is

2 \2
=(mg)"+ [ mv)
P
ARCHIVE: JEE MAIN
1.  After reading the problem, we conclude that 3.

for 0<x<15, F=200 N and

for 15<x<30, F= 2007%( -15)

200 ,for0<x<15

= F(inN)=
300—@3(
15

W :JFdx

30

15
jZOde+ J(SOO _ 100 )dx
o 15

15

,for15<x <30

Since,

= W=

- W =(200)(15)+(300)(15)(100}((302152)} 4.

15
=  W=23000+4500-2250=5250]
Hence, the correct answer is (B).

o
1‘6 r12

2

2. Given that, U=-

F=- ‘Lu ~A(=6r7)+B(-12:2)
'

At equilibrium, F=0
6A 12B

T‘7 1‘13

= 0=

A 1
= —=—
12B #®

( 2B )“"‘”
= r=|—
A

So, Uy = u\,=( = J“"" =-

(ZBJJ"A) * (432.;/142]

Al A A?
= U, ,=-
9" 25 4B 1B

Hence, the correct answer is (C).

A B 5.

Hints and Explanations H.55

—~ F= (10)2+(D<5)2

1
= F=4125
F=5/5N

= x=5

U

Since, P = constant . From Work-Energy Theorem

1
W = —mo?
2

Also, we know that W =Pt

F
[+ 4
L
-
o.
<
L
Vv

= K=Pt= 1mv

ds _ /@_ 2P
i \'m \m
t - !
:st: ,Ej V2= 2 /Et“
m Jo 3\ m

Hence, the correct answer is (D).

u=0
[ [T
x=0 P =constant X

Since, P =constant, so from Work-Energy Theorem,

we get W= %mv2 .Also, W=Pt

= K=Pt= 1mv ie, v= /E
[ZP HZP”
= X= Idx—fj 2dt = ‘f
m

22 2W g

3V 2

Hence, the correct answer is (18).

(1)( 7)=18 m

1
Since, Wy = Emvz =mgh
= Fs=mgh

= F(02)=(0.15)(10)(20)
= F=150N

Hence, the correct answer is (150).
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6.

Applying Work-Energy Theorem, we get
B

mgsinf_, C

0

A
mgsin@(AC+2AC) - (umgcosf)AC=0
= [=3tan@

= k=3
Hence, the correct answer is (3).

Since the elevator is moving with a constant speed, so
we have

.
1 3ms’
Elevator (@=0)
l 6000 N
6800 N i l
9200 N

T =6800+9200 +6000 = 22000 N
So, power delivered by the motor is

P=Tv=22000x% 3 =66000 W

Hence, the correct answer is (C).

iy 0 1 )
W=IF'dF=J—xdx+jydy=(_%J

r: 1 0

i

2 2 2 2
. W=_[0__1_]+(1__0_)=”
2 2 2 2

Hence, the correct answer is (B).

Let the elevator be moving up with a constant speed
0. Then frictional force f will be downwards. So,
tension in the cable is

10.

11.

12.

13.

T =2000¢ + f = 2000 + 4000

= T=24000 N

Power of the electric motor of the elevator is
P=Fv=Tv

= 60x746=(24000)0

60746
24000
Hence, the correct answer is (1.9).

=1.865=19ms"

Applying Law of Conservation of Mechanical Energy
between A and B, we get

U,+K,=Uz+K;
= mg(2)=mg(1)+K,

= Ky=mg=10]
Hence, the correct answer is (10).

W = AK = Area under F-x graph
= AK:W:%x(3+2)><(3—2)+2><2=2.5+4

= AK=6.5]

Hence, the correct answer is (D).

Mass of hanging portion is

m]=_
n

/|

Lin

So, to pull the complete hanging portion up, the centre
of mass of hanging portion has to be pulled through
L

E.
- w=(5)(5)
n 2n
=L
2n

Hence, the correct answer is (C).

Initial equilibrium position of block is at x =0
Speed of the block will be maximum at equilibrium
position i.e., when F = kx,g
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Applying Law of Conservation of Energy, we get
(U+K);=(U+K)f

1 1
= erq=—kx§ +—mov*
27 2
2
= F[EJ:lk(E] +lmv2
k k
) _F
= —mvT=—
2 2k

F
= U=——
Jrk

Hence, the correct answer is (D).

dx
14. =—=06t
O
u=o(t=0)=0

v=0v(t=55)=30ms "
1
- W=AKE= E(2)(30)2 =900 ]

Hence, the correct answer is (B).

15. l\f—mg=ﬂ
2

L

2

Since, s= 1[8Jt2
212
So, work done by normal reaction is

Wy = Nscos(0°) = Ns

- ffe

3mg
8

Hence, the correct answer is (A).

= W=

16. W=K,-K,=(31-12]) 4i=12]

= K;=124K=12+3=15]

Hence, the correct answer is (A).

17.

Hints and Explanations H.57

By Law of Conservation of Energy,
( Loss in GPE ) ( Gain in KE )

of pendulum of pendulum

1 5
= mgh==mov
g 2
= K, =mgh=mgL(1-cosf)
Now, when L is doubled, keeping 6 same, then
Kinetic energy is also doubled. So

Hence, the correct answer is (A).

18. Force on particle in the given potential field is given as

e

For body to move in a circle, we have

E k  mo®
cC=—F=—
3 r

= mot= :c_z
= The kinetic energy of particle is
KE= 1mvz = iz
2 2r
Total energy of particle TE = KE + PE
kK k _

Hence, the correct answer is (C).

= E=

19. For particle to move at speed v in a circular orbit, we
have

16,
r

5 mvz
= -

F
[+ 4
L
-
o.
<
L
Vv
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So, kinetic energy of particle is

112 k
1 1 __ -
K:—m'()2=—(16+1’4) = ( E}) mtﬂ
2 2 Y
Ratio of kinetic energy of the two particles is given by 1 2 k ,
> ——-—=-—i
1 4 vy v m
£_5(16+(1) )_ 621 o
1 - =
KZ 5(16+(4)4) 16+ 256 = % mto
K, 17 __m
= —L=—2=006 = k=
K, 272 Uply
Hence, the correct answer is (B). o e 107
20. v=aVs 1010
ds A = k=107 kgm"1
ar Hence, the correct answer is (C).
tds ' 22. F=6t=m@ where m=1kg
= ‘[— = Jad! dt
Vs
0 0 ? 1
= As=at = jdv =j6tdt
00
N o’ .
= 2
4 = U= 6( —]
Velocity at any time ¢ is given by 2/l
. ds _ a_zt = 9=3ms’
dat 2 According to Work Energy Theorem, we have
Applying Work Energy theorem, we get
W=AKE=1(1)(9)=45]
W=AK 2
1 1 (2 1 Hence, the correct answer is (A).
= W=-mo®-0= —m(—] = —ma*t
2 2 4 8 23. P
Hence, the correct answer is (C).
4m
K lmvg . h=2m
21. Since, L=8 = 30° R
K 1 , 4
1 Emvo 0 | Q
<
Uf 1
= 273 Energy lost over path PQ is
E, = umgcosfx 4
Ui_U
= T Energy lost over path QR is
E, = umgx
mdv 2
F=-kv’=—
Since, F=—kv"==, Since E, = E,
i} = umgx = umgcost x4
fao kit
= J%:J; = x=cosfx4=4co0s(30°)
v m

% 0 = x=23=345m
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From Q to R energy loss is half of the total energy loss,
SO

pmgx = %( mgh)

= u=029
Hence, the correct answer is (D).
24, Work done against gravity in lifting the mass 1000
times is
W =(1000)( mgh)
= W=10x9.8x10’
= W=98x10" Joule
Let M kg of fat be used up in the process. Then energy
supplied by fat is

20
E=(38x10" M)—
( )1oo]

This energy supplied by the fat must equal to the work
done by him against gravity. So,

20 (38%107 M)=9.8x10*
100

= M=1289x10" kg
Hence, the correct answer is (A).

25. In the frame of rotating drum, at the topmost point the
mixture will not loose contact with the drum wall if

If v>,/gR, then proper mixing will not take place

Thus, for proper mixing v < \/giR

= wziz\/gz El‘ads_l
R VR V¥1.25

Hints and Explanations H.59

. . 60 [ 10
@ INTpmMis Wrpys = 27 \125 =27 rpm

So, if then before reaching top, ingredients fall and mix

proper.
Hence, the correct answer is (A).

26. Inclination of road, 6 =tan' ( ﬂ) =tan ! ( l]
1000 10

= tanf= l
10

= tanf=sinf= % (for very small value of 6)

When car is moving uphill with a speed of =10 ms™,
then
F=Wsin0+ f

F
[+ 4
L
-
o.
<
L
Vv

1km
= P=Fu=(Wsin@+ f)u

= P=(E+EJX10
10 20

P= ﬂ x10 = ﬂ
20 2
When car is moving downhill with a constant speed,
say v, then

F'=Wsing- f

= §=F’v=(Wsin67f)v
ﬂ_(ﬂ_ﬂ)y
10 20

4

100 m

3W W
—_— =7
4 20
= 0=15ms™

Hence, the correct answer is (C).
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27. v(ms™) = U =§(0.1)(9)=0.6I

Hence, the correct answer is (B).

30. Centripetal force F= ar?

mUZ 2

—=ar
r
(0,0) »1(s) So, kinetic energy of the particle is
2 10
. 1 2 Cﬂ‘a
Given that, m=10kg, t=2s K:Ema :T
u=50ms" att=0s Potential energy of the particle is
A B r r
Since, a= 20 20-0 =-5ms™ , ar’®
At 0-10 U=der:Jar dr:T
0 0

So, speed of the body at =2 sis given by
v=u+at=50+(-5)x2 =40 ms™" Total energy of the particle is

Using Work-Energy theoremie. W= AK, we get E=K+U= Oﬁ N airs'

3

W= lmv2 —lmu2 = 1(10)(40 ) - l(10)(50 )
2 2 2 . = ]E=§oc;v3
6

W =5(40% -50% ) = 5x (40 - 50)(40 + 50
- ( ) x( ) ) Hence, the correct answer is (D).

= W=-4500] , .
Hence, the correct answer is (C). 3L W= JFdx =J(gx+ bt )dx
21,2 Uz 0 0
28. Centripetal acceleration is 4, = n’Rt* = -1
= 02 =n’R** ! = W=ﬁ+@
T 2 3
= vp=nRi Hence, the correct answer is (C).

Tangential force on the particle is

dor

Fr = M—L =M1k

Power delivered to the particle is
P = Fyop = (MnR)(nRt)

= P=Mn"R*

Hence, the correct answer is (B).

29. The block comes momentarily to rest means that its
velocity at that point was also 3 ms™ .

Loss in EPEY _( Gain in KE Applying Energy Theorem, we get
of Spring || of Block 1,
mgh = i
].k 2 x2 _ 1 )
= SN Ty )T = ©v=,/2gR(cosf -sing)
1, 1Y 1, At point Y, we have along radial direction in circular
= —kx [1—J=—mv .
2 4 motion
2
mo )
= lkx2=ul=émv2=gmvz TngSlnq)
2 6 3
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33.

34.

= 2mg(cos6-sing)=mgsing
= 2cosf=3sin¢g
Hence, the correct answer is (C).

To find KE of spring, we consider an elemental part of
spring as shown.

. m
Mass of element is dm = —dx

v
>
« I >
ﬂ 4—m PV
X dx

As spring is uniformly stretched, the speed " of
element is

1
Kinetic energy of element is dK = Edmv’2

1(m v ¥
= dK:—(—dx)(—x)
207 l
1o’ |
= JdK:—@J.xzdx
2/
0
Total kinetic energy of spring is given as

2 ﬁ3
K =1%(_)= lmvz
207°\3) 6

Hence, the correct answer is (D).

Wind volume flowing through the cross-sectional area
of blades (rotating) of wind mill per unit time is given
by

V=Av
v metre
P~
A oy area=A
Volume flow | | T ,/_J
in1s —m| Vv b
l| ,f AP
Wind speed

Hints and Explanations H.61

If p be the density of air, then mass of wind intercept-
ing the blades per second is

m=pAv
Kinetic energy of wind mass intercepting the section of
blades per second is

dK 1 1
— = ~mo® = = pAv®
dt 2 2

= Electrical power o0’

Hence, the correct answer is (D).

35. If plank thickness is x , then, we have

Plank
u-Y
u a n
D —» <+« D>
X
\2
uz(l—l] =u* - 2ax
n

2
= 2ax= uz[l(ﬂl) :|
n

= 2ax=u2{2n;]]

n

Using constant retardation, we have

1 2 3 - - N
u
D —» CDv;=0
i Nx pi
0=u-2a(Nx)
= u2=N1t2[2n;1]
n
2
= N= n
2n-1

Hence, the correct answer is (A).

F
[+ 4
8]
[
o.
g
I
V




ICON

H.62 JEE Advanced Physics: Mechanics - Il

ae
36. Applying Work-Energy Theorem from point A to C, — P=626x10° W
we get '
Hence, the correct answer is (B).
A
Yo 39. For the same force, F =kx; =kx, (1)
h Work done on spring S, is
2 2
&> v & 1 o (kxm) F .
Smooth vi=0 Wy =—kxy = =— using (1
Mmoo 5 " 1= 50N 2k, 2%, fusing (1)}
1 . .
Em%z + mgh — umgL = 0 Work done on spring S, is
1 (kx,) P2
2 2 _ X .
h W, ==k,x; = =— using (1
=0 1 2750 2%, 2%, fusing (1)}
2ug  p
Hence, the correct answer is (B). = —=-—=
W, Kk
37. Maximum energy loss is
Since, W, > W,
1M -0)’ = M (lmsz
2 M+m M+m\2 = k>k
So, Statement- is wrong,. = k<k
Hence, the correct answer is (D). Statement ? is true.
38. If a is upward acceleration of man before leaping, For the same extension, i.e. for x, =x, =x ..(2)
then 1 1
Work done on spring S, is W, = —kxj = —k;x*
v=/2ah, = 2¢gh, pring o 1=y =0k
take off point v, =0 Work done on spring S, is W, = lkzx% = lkzx2
i lg 2 2
v | hp=1m W, Kk
| = —=—
T : W, k
Since, k, <k,
hy=05m Ta
u=0 = W<,
Statement 1 is false.
Hence, the correct answer is (D).
F
40. By Work Energy Theorem
W =F- A7 = AK
v o vr = AK=(7i+4]+3k)(2] +3]+4k)
W=mg=700N = AK=14+12412=38]
Hence, the correct answer is (A).
o8 _10x1_ 0 (A)
hy 05 41. As x—>, U(x)=0
Velocity at take-off is At equilibrium, force on atoms is F=0
0=2x10x1=+20 ms™ dl 12a 6b
Power delivered by muscles is = = TR ’
P =Fv=mav
6 2a
= ¥==

= P=70x20x+20 b
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[2a)€
= r=[=
b

Potential energy at equilibrium is given by

b
uequ = . 12 - 6
2a \s 2a \6
G (3)
b
)
ARCHIVE: JEE ADVANCED

Single Correct Choice Type Problems

1. Letat any instant, the bead make an angle 6 with the
vertical, as shown in Figure.

]

Rcos@

Since 1= R—Rcos@

Applying Law of Conservation of energy, we get
mgR(1-cosf) = %mvz

According to Newton’s Second Law, we have
2
muv
z\thmvau'ds the centre = M = R

mvz

= mgcost—N =X

where, N is the normal force on bead by the wire

P’HU2

= N=mgcosf——

g R
Since v = 2gR(1-cos)
= N=mg(3cos8-2)

Now, N =0 at cosf=

WM

The normal force N will act radially outwards on
bead, when

Hints and Explanations H.63

2 2
= D=um_uequ=0_[_b_]=b_

Hence, the correct answer is (D).

2
cos@>— and normal force N will act radially
inwards on bead, when
2
cosf < —

So, force acting on ring is opposite to normal force act-
ing on bead.

Hence, the correct answer is (C).

» X
Since, 7 = OP = xi +yj
= F= 3(x§+y})=£3(17)
2.2 r
(422
= F|r

Since, F is along 7 or in radial direction, so work
done is zero.

Hence, the correct answer is (D).

Area under F-t graph (A) is equal to change in
momentum. So,

p=~2mK

F
[+ 4
L
-
o.
<
L
Vv
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2 2

L oA
2m  2m
2

= K:A—
2m

Area (A)=%(3)(4)—%(1.5)(2)

= A=6-15=45kgms’

A2 (45)
= ==

2m 2(2
= K=50625]

Hence, the correct answer is (C).

Applying Law of Conservation of Energy, we get
1

2
2(4k)y

lkx2=
2

=

= =
r | =

Hence, the correct answer is (C).

Since horizontal velocity at A is sufficient enough to
make the bob reach to B, so

v=,/5¢L (1)
When speed of bob is half this speed, then
[9]2 =02 - 2gh .2)
2
Since, h=L(1-cos8) ..(3)

Solving equations (1), (2) and (3), we get

cosﬁi:—Z
8
7
= 6=cosl(—§]= 151°

ie., 3£<B<n
4

Hence, the correct answer is (D).

Since, F = _au
dx

Ulx) X X
= J au = —JFdx = —j(kx)dx
0 0

0

2
= u(x):—k"7 {~u0)=0}

Hence, the correct answer is (A).

Since, gravitational field is a conservative force field in
which the work done is independent of path followed
between two points, so

Wl = W2 = W3
Hence, the correct answer is (B).

Let x be the maximum extension of the spring. Then,
by Law of Conservation of Energy, we have

Decrease in Increase in
Gravitational |= Elastic
Potential Energy Potential Energy

=

o
-
=l =
B —\

= Mgx= %k:c2

= U(x)=fj(ka+ax3 )dx
0

2 4
S U=
2 4
Now, U(x)=0at x=0 and x= 2—k
a

= U(x) is negative for x>\/§

a

From the given function we can see that F=0 at x=0
i.e., slope of U-x graphis zero at x =0 . Therefore, the
most appropriate OPTION is (D).

Hence, the correct answer is (D).
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10. Since P=Fv
In this case, F = T)@
dt
If p be the density of wind, then
in_[4)
Pl

where ﬁ;—f is the volume of wind flowing per second

through the generator.
v dx
Since —=A| — [=A
e dt ( dt ] !
where A is the area of the generator through which
wind flows
dm av
—_—= — | = A
dt p( dt J P

= F=U(2—T)=U(Avp)

= F=Av"p

= P=Fo=Av’p

= P«p®

Hence, the correct answer is (C).
1. =24,

If ¢ is the total natural length of the spring, then

2 /
/y=={and ¢, =—
73 273

Since for a spring k/ = constant
= kli=kt, =kl

= k1=%k and k, =3k

Hence, the correct answer is (B).

13. Since
dW = F-dF , where

~

di = (dx)i +(dy)]j

14.

15.

17.

18.

Hints and Explanations H.65

= AW =-k(ydx+xdy)

=  dW=-kd(xy) {d(xy)=xdy+ydx}
(a,a)

= W=J.dW=fk j d(xy)
(0.0)

= W=k(w)|

= W=-ki*-0

= W=—kd?

Hence, the correct answer is (C).
a. = k*rt?
2

v
= —=k%rt?
r

F
[+ 4
L
-
o.
<
L
Vv

= v=krt

. . dv
So, tangential acceleration, a; = = =kr

= Tangential force, F; =may = mkr

Since, only the tangential force does work, so

Power = Fyo = (mkr)(krt)

= Power = mk*r’t

Hence, the correct answer is (B).

The centre of mass of part hanging is at % At this

: M .
point a mass of 3 exists.

So, work done to drag a weight % up is

o)

W = MgL
18
Hence, the correct answer is (D).
p=~2Km
= pe Jm
Since, M 1
m, 4
P 2

Hence, the correct answer is (C).

The correct answer is (B).
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Multiple Correct Choice Type Problems

1.

Atpoint y, we have

2
my

mgsin30° = —
g R

= v§f2gh=%

Along the path xyz, speed is maximum at points x
and z due to which maximum centripetal force will
be required.

Hence, (A) and (D) are correct.

The given case is of uniform circular motion. In which
speed or kinetic energy remain constant. However, the
direction of velocity and acceleration keep on chang-
ing although its magnitude remains constant.

Hence, (C) and (D) are correct.

Reasoning Based Questions

1.

For Statement 1, decrease in mechanical energy in
CASE-1 will be
AU, = 1mvz
2
However, decrease in mechanical energy in CASE-2
will be
12
AU, = Emv —mgh

= AU, <Al

So, Statement 1 is True.
For Statement 2, coefficient of friction will not change
and hence this statement is False.

Hence, the correct answer is (C).

Matrix Match/Column Match Type Questions

1.

(A= (P qrt)®B —=(@qs;C-=>paqrs);
D)= (p, 1 t)
METHOD-1: ANALYTICAL METHOD

o #e (G T A
e RHIE

When x=0, F:%D(UXO]:() and U=ﬂ

2
When x=a, F=0 and U=0
When x=-a, F=0 and U=0

(M)gl’loxz(x]xlhu‘ff
dx 2 al a a

When x=0, F=0 and U=0

B) F

When x=a, f:—%f' and U=%
a

When x=-a, F=+ﬂ;’ and u:%
a

IZ

P
F= uﬂe—4x(12 —az)
a

When x=0, F=0 and U=0

When x=4a, F=0 and Lh%
e

For |x|<a ie., —a<x<a , the force is attractive

in nature.
= dU]*.
D) F=—- —
©) (dx !
2
. Fz_@(z_x_]
2\a A8
u ) ou
.F=—_U 1-2_ __0 22
- 23( azJ 2a3‘(x @)

At x=0, P=—ﬁ and U=0
2a

At x=%a, F=0 and U=%



METHOD-2: GRAPHICAL METHOD

+a

——— e m ==

>

Y A |
b
>
1]

Linked Comprehension Type Questions

1. Height fallen up to point

l1=Rsin30° = 40x%:20m

Since, W,. = AU + AK , so we get

W, =-mgh+ ;mv

- wm_fuxmnmn+%uw2

Given that W, =-150]

2’
= -150=-200+ 5

= =100

= v=10ms"!

Hence, the correct answer is (B).

2. Atpoint Q, component of weight along PQ (radially

. .oom
outwards) is mgcos60° ie., —g.

ICON
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Normal reaction is radially inwards, so we have

Mg _mo’
2 R
- N=18 MU
2 R

2
N = 1><10+1><(]O)
2 40

Hence, the correct answer is (A).

=75N

Integer/Numerical Answer Type Questions

1. Given that, F = ayi +2ax] where a=-1

y
A
, A . B
A J
054 D < IC
1
I
|
F P E : >y
0,0 ~ 05 1

Since Work done is given by

W:Jﬁdﬁ
= dW=o(ydx+2xdy)
For A= B, y=1,s0dy=0

1
= WA_,B=aJ.ydx =ajdx:a
0

For B—»C, x=0,s0 dx=0

0.5
= WBHC=2ade 2(1( 05
1

For C-»D, y=05,s0 dy=0

05

o

= Wc_)D=O.5a dx=—z
1

For D—E, x=05,s0 dx=0

0
= Wpp= 2a(0.5)jdy ==
05

F
[+ 4
L
-
o.
<
L
Vv
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For E-F, x=0, y=0,s0 dx=0and dy=0
= W,r=0

For F>A, x=0,s0 dx=0

= W,=0

Hence total work done is

o o
W . =o-0————
total 4 2
oW __3a_—3(—1)_g]_075]
total 4 4 4 .

2. From Modified Work-Energy Theorem, we have
Weye = AU+ AK
= W,=AU+AK
= (18)(5)=(1)(10)(4)+ (K -0)
= 90=40+K;
= K;=50]
= K;=5(10])

n=>5
= Wp+W,, =K -K,

U

18><5+(1><10)(—4)=Kf
90_40:Kf
= K;=50]=5x10]

= n=>5

Velocity of first bob at highest point (when it just com-
pletes the circle) is

'”1:@

Since collision of first bob with second bob is elastic
and both have equal mass, so first bob will stop and
second will move with velocity of first such that this
velocity is sufficient enough for second bob to just
complete the circle of radius 7, . So

\/871=\i58f2

2
/ZPt /2><l).5><5 1
= U=,)—=[——"=5ms
m 02

According to Work-Energy Theorem, we have
1 2 1.2
EmV = (ymg)(0.06)+5kx

= %(O.IS)VZ=(0.1)(0.18)(10)(0.06)+%(2)(0.06)2
= V=04ms?

_N
10

= N=4

= 04



