p Ac Jf  /dvancod Bookiet Solution

IT-MEDICAL Work, Power & Energy

JEE Main Exercise

(b)
W:IFdx

w =_[;(a+bx)dx

(b)

W =AK

W =K, -K;

W=1><2><02—1><2><(20)2
2 2

W =400

()

W :F.S

W =FscosO
W =FR
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(a)
Applying work-energy theorem,
ng +WN +Wfriction +W,

spring —

AK

1 2 U2\ 1 5
0+O—(umg)x+§K(O —X )_O—Emu

= —50x—50x%> =—%x50x22

x*+x-2=0

=
= Xx=1m

(b)
From A to B, applying work-energy theorem,
Wy +Wy =AK

= —mg(R—h)+O=O—%mu2

u=,2g(R-h)

A

= F=(-2+y)i+(-5+x)j
At (2, -2)
F =—4i -3
= a=-4i-3j
= a=5m/s?

(b)
For 2 kg block
>F, =0
Kx

r N,
T
g

2k

20N
= Kx+N; =20
When 2 kg leaves contact (N, =0)

= Kx=20=x=0.5m
Applying work-energy theorem for 5 kg block
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10.

11.

12.

Wiy +W,

spring —

AK

- +5><10><0.5+%><40><(02—(0.5)2)

:1x5xV2—0
2

= v=2J2m/s

(a)

Applying work-energy theorem for (2 kg + 1 kg) system

W, + Wy = AK

system

= (+2><10><0.6—1><10><O.6)+0:[%x 2 x V2 +%x1xv2]—(0+0)

= v=2m/s

(©)

lmv2 = 1kx2

2 2
m 15x10

= v=10m/s

At t=2,
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13.

14.

15.

16.

W,,, = AU +AK =[%k(x+ y)z—%kx2j+0

=1ky(2x+ y)
2
(b)
v=2i+4t]
a:d—vz4j
dt

P=F-v=(ma)-v=_2(16t)
Att=5, P=160W
(@)
W =AK
1 2 2
From rest to speed v,
Wzlm(v2—02)=1mV2
2 2
From v to 2v,
W=%m((2v)2—v2)=gmv2
(d)
1

Kiman = E kboy

1 2 1({m
Now, Em(vman +1) :E(Ejvgoy

2 _ (2Vman )2
2

02
- 2Vman

= (Vv

man

+1)

2
= Vi P14+ 2V,

2
Viman — 2Vman -1=0

:#:14_\/5

U

Vman

€Y
P = Fv = constant
= maVv = constant

dv
= m-—vV = constant
dt
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17.

18.

19.

= J.vdecJ.dt
v oct
voc it
S
= [dsoc [Vt

3/2

J

= Soct
s 32

v

:—:t

(©)

Speed of the block is maximum when acceleration of block is zero.

So, mgcosO=kx

— wo mg cos 0
k
(a)
Wg =—mgh
Wkriction = _I(ng cos 9) dl cos0°
= —pmgj'dl cos 6
|
= —umgjo dx
=—umgl
Wy =0
We =?

ng +Wy +Weiction +We =AK
= —mgh+0—umgl+W. =0-0
= W =mg(h+pl)

(d)
2
P
2m
pZ
= |Oge K= |Oge (EJ

= log, K =log, p?-log, 2m
= log, K =2log, p—log, 2m
= y=2x-log,2m
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20.

21.

22,

(@)

When the object is lowered very slowly to its equilibrium position, then at equilibrium position

Kx=mg
= K{(0.1)=0.5x10

= K=50N/m
Applying work-energy theorem,
W +W, =AK

spring

= +0.5><10><O.1+%><50(02 -(0.2y°)

_ 10520
2

= v=1m/s

(a)

R

mg
2 F, =ma,
T—-mg=ma
T=m(g+a)
W, =Fscos0

U

J

=m(g +a)%at2c030°

m 2
= — t
2(g+a)a

P = Fv = constant
mav = constant

ﬂv = constant
dt

IvdeIdt

V2 oct
Voc\/t_

dx
Now, v=— t
dtocf

= jdeijdt

= xoct®?

b4 U
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23.

24,

25.

26.

(d)
Applying work-energy theorem

Wing Wi ++Wepring = AK

2
= +mg(§j+0+%k[(gj —Ozj

(b)
Lets say maximum elongation in the spring is X.
Wing +Wy +We +Wying = AK
= 0+0+ Fx+1k(02 —x2)=0—0
2
_2F
k

= X

2Fj_2F2
k

W =Fx=F| ==
-=Fe=r( %

(a)
5
Wriiction = I_ng cos0dx = J‘O —Ly X Mg cos O dx

_ —pmg cos 0 s
2
Applying work-energy theorem
ng +Wy +Weigion =AK

(omg cos 0)s?
2

=0-0

= (mgsinB)s+0-

2tan 0
S =
Ko

(c)
Using work-energy theorem between A and B.
W,g +Wy = AK

= +ngcos6O°+0=%mv2—O

= v=JR

Equation for centripetal force at B,

2
N —mg c0560°=%
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A ’
\ T
\U\_ !E
N =1.5mg
27.  (d)

In extreme position,
Acentripetal — 0

P AT
o~
N
! \')
a A vmg
| " u=0
Vée——-ri-

Atantential = 9 sino

g =+/aZ +af =gsino

Using work-energy theorem,
Wiy +Wr = AK

= +mg|(1—cose)+0=%mv2 -0

= v=,/2gl(1-cos6)

2

Y
Qcentriperal = T =29 (1_ cos e)
Qtantential =0
a, =+/a; +af =2g(1-cos0)

=8
= gsin6=2g(1-cos0)

= 6=2tan‘1(1J
2
28.  (c)

Using work-energy theorem between A and B,
Wi +Wr = AK
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29.

—mgl (1+cos(180°—6))+0 :%mv2 —%m
vzz%gl—Zgl(l—cose) (i)
At B,

mv?

mg cos(180°—-0)+T = e

= -mgcosf+0= Im(%gl—ZQI (l—cose)]

— —2c0s0=7-4(1-cos6)

= cose:—1

0=120°
(d)
Vay=Ui

u
A

Using work-energy theorem between A and B,
Wiy +Wr = AT

= —mgL+O:%mv2—1mu2

= v=4u*-2gL
= Vg =4Uu-2gL]
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30.

31.

= Vvg-Vay=yui-2gLj-ui

o -vil= [ \o72aL | o = 7 at)

(a)

Using work - energy theorem between A and B,
W, +Wr =AK

= +mgl cose+0:%mv2 -0

= VZW/ZQICOSG

At B,

V2 (,/Zgl 0059)2
1

Centripetal acceleration =

Tangential acceleration = /a” + a2

\/ 29 cos 9)2 +(gsin 6)2

=/(
=g (\/4cos2 0+sin? 9)
=g+3cos’0+1

(a)
At the top most point,

2
mv
T+mg=—2

“"-..__',I"'"":-i =
Vbotton

For vy, to be minimum
T=0

= Vtop = \/E

Using work - energy theorem,
Wiy +Wr = AK

1 1 2
= +mg(2r)+0= Emvgomm —Em(\/ﬁ)

=~ 7 =2gcosH
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2
MVpott
Viotom = 4/5Fg and T —mg = ——otiom

r
= T—mg:?(\/ﬁ)

2

= T=6mg
32. @
Using work-energy theorem between A and B,
W, +Wy =AK

= +mg(2R)+0=%mv§—0

= v, :a/4gR

At point 2,

2
mv
N +mg=—2
J R
= N+mg=4mg

= N=3mg

33. 3)

Between A and B
Wg +Wy =AK

= +mg(6—2)+0=%mv2—0

I

2
uZsin?0 (\/8_g) sin?30°
29 29
Hoox =2+1=3m

H =1m

34. (6)
With respect to free end, velocity of block is 1 — (—2) =3 m/s left.
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35.

36.

37.

4kg FO000000000 =

F AN

'
'
1

. _I_,I__:I_\
4kg jUE'jE'I..-'»iJuUu'\,lju' o

'
H

FEErEE s i

Elongation in the spring will be maximum when velocity of block with respect to free end is zero.

ng +WN +Wspring

= 0+O+l><£_02(02 —xz):0—1><4><32
2 10 2

=AK

Xx=0.06 m=6cm

(8)

P =640-16v—8v°

= Fv=640-16v—8v°

For velocity to be maximum, a=0
= F=0

= 0=640-16v—8v*

= V2 +2v-80=0

= v=8m/s

)
Using work-energy theorem between A and B

= -mgl (1—00537°)+0+(%j(l sin37°)

=%mv§ mvi =vg =2m/s
(320)

AL

377 Tﬁm;‘s

i

. mgq sin37°
mg cos37°
377
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38.

39.

40.

2F,=0
= N;—mgcos37°=0
= N; =mgcos37°
Wy, = Fscos6
=(mg cos37°)(vt)cos37°=3201J

)
Using work-energy theorem for block,

ng +Wy +Wiction +Wspring =AK

= +mgsin37°x0.5+ 0—%(mg cos 37°)(O.5)+%><8(02 —(0.5)2)

“Imvz_o
2

= v=2m/s

(1.5)
Using work-energy theorem for block,

ng +Wspring 1 +Wspring 2 +AK

J

20+ 20x—12-12x* —24x-12x* =0
24%x% +4x—8=0

6x° +x—-2=0

6X% +4x—3x—2=0
2x(3x+2)—(3x+2)=0

x=0.5

So, maximum extension in upper spring
=1+05=1.50m

A AR

(730)
Using work-energy theorem for the object
Wing +Wyir = AK

= +5x9.8x20+W,, :%x5x102 -0

W, =—730J

air —
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------------ T ~---l>------natural length
X

of spring
u=DT Stg l

FEEEEEEL TS LAY LELELTT

Initially lets take compression to be x.
2F, =0
= 30+20-40x=0
= x=125m
After removing 3 kg block, lets take maximum elongation in the spring to be y.
Using work-energy theorem for 2 kg block,

ng +Wspring =AK

= -2x10(1.25+ y)+%x4o[(l_25)2 3 sz

=0-0
= y=025m
So, the maximum height reached by 2 kg block
=1.25+0.25
=15m

42. (7)
Using work - energy theorem,
Wi +Wr = AT

v=0 g

N

) )
2 N/

= V=401 =1/9.8x5=7m/s
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1. (B)
By work-energy theorem
W =AK

:W:%m(vf—vf):W:%><0.5><(162_42)

:>W=%><240:>W=60J

2. (D)
By work —energy theorem
W=AK=1mvf2—1mvi2=1xo.5x(b2.45)
2 2 2
N NIV
2 2 42
3. (B)

From work-energy theorem,
Woorter + Wing =AK.E=0 (" velocity constant)

Or, Woger = _ng =-mgh

. Whirer = —80x 9.8 % =—627.2]

4. (D)
The given situation can be drawn graphically as shown in figure.
Work done = Area under F-x graph
= Area of rectangle ABCD +Area of trapezium BCFE

4 F
A B
200N
100N > E
D C F
15m 30m

W =(200x15) +%(100+ 200)x15 = 3000+ 2250
= W =5250]

5. (©)
Work done, W = I Fds = (—xi + y]).(dxf + dy])

0 1 1\ 1
:>W:—J‘xdx+J'ydy: O+= [+==1
1 5 2) 2
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(D)
Here, N—-mg =ma=%:> N :_3r;g

N-normal reaction

—= 1
Now, work done by normal reaction ‘N’ on block in time, W = NS = (3%](59 / 2t2j

242
or, w = Mt

(©)

o
N
-

- u cos 6(°
u - SR

f"
"
d
’ -
A)‘

At maximum height, we only have horizontal component of velocity . So, Velocity v = ucos60’ :%

N
~
~
~

e - -
’

1 (u) _E
. K.E. at top most point :Em(a) =

©)
Momentum of a body is increased by P'=P +%P =1.2P

K'-K

Percentage change in KE = %100

P.2 PZ

—| 2m2M |10 - (1.2)° ~1]x100 = 44%
P

2m

(A)
Using mv=+2mk = v = 1\/ka
m

So, u =£«/2x0.2x90 =30m/s
V=0—12\/2><O.2><4O =20m/s

2

a=2930 _ _10m/s?s0, s= L = 45m
2a
(B)
Given, spring constant of spring, K =2Nm™
Mass of block, m=250g = ﬂg = 1kg
1000~ 4
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11.

12.

13.

14.

15.

V€

T

PA,

2

' I

h

Using energy conservation

1mv2><2:1kx2 :>1v2 :1><2><x2
2 2 4 2
Vv
X = —
2
(B)

2

.. p
Kinetic energy, K.E. —
ay om

KE _(R) [m2 _HZX
KE, \P,) \m, ) (2

(D)

By law of conservation of mechanical energy Ak =—-AU
= k¢ —kj =U; Uy = k; =mgy—mg[y-y,]

[k =0,U; =mgyand U; =mg(y-vy,)]

= K; =mgy,

8_2
5 5

(A)
At maximum height, v=0
=>mv=0=P=0

(©)
By work-energy theorem,
Ak = Wiaiitorces = J.F'dr

= I(4xf + 3y2]).(dx?+ dy]) = _2[4x dx + .?[)3y2dy

X2 ) y3 , 1 2
:‘H +‘°’H =221 +[¢-7]
=6+19=25] i

(A)

Work done by air friction= Final kinetic energy. Initial potential energy W, _siction = % mv? —mgh

- % m (0.8\/g_h)2 —mgh
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16.

17.

18.

19.

20.

W,

air—friction

= 6—24 mgh —mgh = -0.68 mgh

(€)

We know area under F-x graph gives the work done by the body
.'.W:%x(3+2)><(3—2)+2><2: 25+4=65)

Using work energy theorem,
w = AKE = work done .. AK.E.=6.5]

©)

Ll =land L =nl, -1 =" andl, ="

10 | 2 n+1

AS kocl', ﬁzM:l
I k, (nl)/(n+1) n

(E)

Velocity of 1 kg block just before it collides with 3 kg block = «/Zgh =42000m/s
Using principle of conservation of linear momentum just after collision, we get

1x+/2000 =4v = v = ‘zzoom/s

Initial compression of spring
1.25x10%°x, =30 = X, = 0
Using work energy theorem,
W; + W, = AKE

gl

=

FrTrITIT

:>40><x+%><1.25><106(02 —Xz)zo—%x4xvz

Solving x ~2cm

(A)
n 2n 2n
©)
mv=(m+M)V'
Or v — mv mv v

m+M - m+4m - 5
Using conservation of ME, we have
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21.

22,

23.

24,

2 2
L2 :1(m+4m)£zj +mghorh _2v7
2 2 5 5 g

(D)

When force ‘F’ is applied, initially F>F,. As F, will be increase, suppose after x distance F=F, and
there is equilibrium. At this moment block has maximum velocity.

F=kx=x= F
k
From work-energy theorem,
We +W,, = AKE
2
F(x)—ikx2 S, PO S N Y (L [
2 k k 2
EF—Z——mvz or, v, =
2 K LT Jmk
(D)
Position, x =3t*>+5
d(3t*+5
. Velocity, v= ax = V= u
dt dt
=v=06t+0
And, at t=5sec v=30m/s
According to work-energy theorem , w = AKE
or W=%mv2 —0=%(2)(30)2 =900]
©
F=-Mp K
a
Since particle is moving in circular path
2
P K e
r r r
FKE=imv? = iz
2r
Total energy =P.E.+ K.E.
K K K .
=———+4+—=zero| ' P.E.=———qiven
2r2  2r? ( oY j
(B)
2
. o . mv® 16
As the particles moving in circular orbits. So - T+ r?

Kinetic energy, KE, = % mv? = %[16 + r4]

For first particle, r=1,K, :%m(16 +1)
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25.

26.

27,

Similarly, for second particle, r=4,K, = % m (16 +256)

16+1
K, 2 17 17 5
n—lo = =—_=6x10
k, 16+256 272 272
2

(A)
Let V; is the final speed of the body. From questions,
1

~mV? =lmV02:Vf _Yo _5mys
2 8 2

LY VLY
dt dt

5

10
j d_\g — 100K j dt
10 V 0
1 1 Ayl
___=100K(10) or, K=10"kgm
5 10
(A)
2
hoo V-
29
h o< K.E.

As K.E. becomes half after every collision. So height will also become half.

1
—h+2h| —2_ |=3n
1
1-=
2
(©)
Using, F:ma:md—V
dt
6t :1.%/ [- m=1kggiven]

v 2

jdv = j6t dtV = 6[%} =3ms ™[ t =1secgiven|
0 0

From work energy theorem,

W:AKE=1m(v2—u2)=1x1x9=4.5J
2 2

Website: www.iitianspace.com | online.digitalpace.in


http://www.iitianspace.com/

28.

29.

30.

31.

(A)
Work done by friction at QR = umgx

In triangle, sin30" = % _ 2 PQ=4m

PQ
Work done by friction at PQ = pumgxCos30° x 4

=umgx§x4= 24/3umg

Since work done by friction on parts PQ and QR are equal, pmgx = 2/3umg = x = 24/3 = 3.5m
Using work energy theorem 4mgsin30” = 2«/§umg + umgx
—2=43u=pn=0.29

(B)
N W  mghx1000 10x9.8x1x1000
input input input
Input _ 38000 _ 4910
0.2
4
Fat used = 210 _12 89x10 kg
3.8x10
(B)
As we know, dU =F.dr
r 3
U= [arfdr=2- (i)
5 3

2
As, TV _ or? = m?v2 = mar®
r
1 . .
Or, 2m(KE)=§ocr .....>i1)

Total energy =Potential energy + Kinetic energy
Now, from equation (i) and (ii)

ar®  ar’

Total energy =K.E.+PE.=—+—= 2o
3 2 6

(A)
Let u be the initial velocity of the bullet of mass m. After passing through a plank of width X, its
velocity decreases ti v.

_ u u u(n-1)
SLuU—-v=—o0rv=u——-=
n n n
If F be the retarding force applied by each plank, then using work — energy theorem.

2
n-1

Fx = L mu? - L my? :lmuz—lmUZ(—)

2 2 2 2 2

1 o|1-(n-1)°
e

n2
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32.

33.

34.

Fx :lmuz(an—lJ
2 n

Let P be the number of planks required to stop the bullet. Total distance travelled by the bullet before
coming to rest =Px
Using work-energy theorem again,

F(Px):%mu2 -0

Or, P(Fx)= PEmuzM} :%mu2

~P=
2n-1

(A)

Given: kKo =300N/m,kg =400N/m

Let when the combination of springs is compressed by force F. Spring A is compressed by X.
Therefore compression in spring B

Xg =(8.75—x)cm. In series force is same across both spring
So, F=300xx =400(8.75—x)

Solving we get, x =5cm
Xg =8.75-5=3.75cm

1 2
E, 2<A(Xa)"  300x(5) 4

—A =
2
Bs Ly, (xg)? 400x(375)° 3

(D)

R, =vOI

rel

=5x0.5=25N

hrust

So, Power = Force xVelocity = 2.5x5=12.5watt

(B)
We know that
Power, P=Fv

dv

But F=max=ma .'.P=mvd—¥:Pdt=mvdv

t \
Integrating both sides .[Pdt = mjvdv
0 0

Pt:%mv :v-(*/Z—PJtUZ

P t3/2
Distance, s = vdt—‘/ _[t”zdt— 372
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35.

36.

37.

38.

=S= 8—P.t3/2 =5 o t?
\}9m

So, graph (B) is correct.

(B)

Total force required to lift maximum load capacity against frictional force = 4000 N
Fiots = Mg +friction

= 2000x10+ 4000 = 20,000 +4000 = 4000N

Using power, P=Fxv

60x 746 =24000xv =1.86m/s=1.9m/s

Hence speed pf the elevator at full load is close to 1.9ms™

(B)
Centripetal acceleration a, =n’Rt?

VZ

a, =—=n’Rt’

v? =n?R?t?
Vv =nRt
Here power is delivered by tangential force only because power by centripetal force is zero.
[Since Fe LV }
dv
at = — =
dt
Power = ma,v=mnR nRt = Mn’R*t

nR

(©)

12
w_E 2

Power, P = " = T = constant = constant

From work-energy theorem, not work done =change in kinetic energy.

2
= VT = constant(k) - ktY2and % = kt¥?
Or, ds = ktY2dt

312
+C=>sact??

By integrating, we get =S =

i.e., Distance moved S oc t¥2

(2)
Work done by A=Work done by B

Fodcos45 = F;dcos60

:FAxi:FBxle—Azﬁzi:X:Z

2 P2 R 2 2
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39.

40.

41.

42.

(450)
Given,

Force, F=(5y+20)]
Work done, E = j F.dy

10 5 2 10
— W= I(5y+20)dy:{%+20y}
0 0

=g><100+20><10 — 450]

©)

If AC =1 then according to question, BC=2l and AB=3lI.

3/sind

Here, work done by all the forces is zero.

Whiction + ng =0
mg(3l)sin6—pmgcosO(1=0)

= umgcosOl =3mglsin® = u=3tan6=ktano
k=3

(24)
Using work-energy theorem, W, = (K; —K;)

2
:%sz =1m[xj Lo -Eg

2 \2) 2 4
:>1Kx2=£:>|<=3—'52:>|<= SE = 24E
2 4 2X 1

zx@

So, value of spring constant of used spring is 24 times of kinetic energy

sn=24
)
Using energy conservation for plane AB

%mu2 = mgh (Here, u= initial velocity of block)

:%xmxuz =m><10><10:u=10x/§

At point B

Acceleration, a=-gsin45’ = —1

2

Using v=u-+at;
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43.

44,

10

= 0=10V2- N t,
=1, =2sec
For plane BC

V2

B
10 m
7
i 45° 30°
A C

Using s:ut2+%at§

= _10 5 =l(103in30°)t§ ('.'s: _10 J
sin30 2 sin30

So total time T=t, +t, = 22 +2= 2<J§+1)sec

(16)
Mass of engine — wagon system, m=40,000kg Velocity, v=72x5/18=20m/s
KE.= % mv? = %x (40,000)x (20)? = 8000000

As 90% of K.E. of system lost in friction, only 10% is transferred to spring.

1 Kx? = ﬂxsoooooo = 1 K x1x1=8x10°
2 100 2

—K=16x10°N/m

(40)

2m, 2kg

1m
L J
1kg

Loss in potential energy =gain in kinetic energy
Take zero potential energy at table, initial potential energy

=—1><1O><1 =-5]
2

Final potential energy = —3><10><g =—45]

Change in potential energy =-5—(-45)J =40J
S k=40
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45.

46.

47.

48.

49.

(10)

By mechanical energy conservation,

TEA=T.Eg

mg(10)+0= mg(5)+%mv2 = V=,2xgx5=10m/s
~x=10

(6)

Here kinetic energy of ball is equal to P.E. stored in spring i.e., % mv? :%k(Ax)2

:>%><4><(10)2 :%xlOOx(AX)2 = AX=2m

Therefore length of the compressed spring
X=8-2=6m

(150)

From work energy theorem,

W = F.S:AKE:%mVZ

Here V2 =2gh
.'.F.S=Fx£=lx£x2x10x20
10 2 100
.. F=150N

(10)

Kinetic energy =change in potential energy of the particle.
KE =mgAh

Given, m=1kg.

Ah=h,—-h;=2-1=1m

.. KE=1x10x1=10J

(18)

Given, Mass of the body, m=2kg
Power delivered by engine, P=1J/s
Time, t=9 seconds

Power, P =Fv

= P =mav [~ F=ma]
( dvj ,
=>m—v=P va=—
dt
= vdv = Bdt
m
Integrating both sides we get

v t 2 12
:Ivdv:EIdt:V—:ﬂ:v:[Ej
5 msy 2 m m
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L dx /P [_.V dxj
dt m ' dt
X t
j ,/ j t2dt
0 0
3/2
. Distance, X = f 2P _ /Exgt?”2
3/2 m 3
f 93’2 x 27 =18m
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JEE Advanced Exercise

Exercise -1
D
X=X, “e5 x=5
W= j Fdx = .[ (7-2x+3xH)dx = (Tx=x*+x)| vy
X=Xy x=0 x=0
=135
A

This is the statement of Work — Kinetic Energy Theorem

B
Since the force acting on the particle is perpendicular to the displacement everywhere, the work done
IS zero.

B
Instantaneous power, P = F.V = (10i +10j+ 20K) . (5i + 3]+ 6k)
=140 W

D

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

of mass is raised by %

The work done = rise in potential energy = = (—jg (Ej = I\/Il_ggl_
B

%mv2 =mgR = v=4/2gR

B
Klonger |Ionger = Koriginal |original
4 3
= KIonger = A, N A
(2013) 2

C

WE = increase in potential energy = mgL (1 — cos 0)

D
work done by gravity 0

Mean power of gravity = -
time elapsed
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

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

C

3
X=— = v=t’
3

Now, W = AKE = %m(vf —Vv3) =16J

C
KEmax = Maximum loss of KE = Mgl (1 — cos 0)

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

W = Mgh + mg gz(M +gjgh

D
dV X \
pxmg=mv— = qugdx = f mv dv
dX x=0 v=0
= E oc X2
D
{ﬂjd
4
C
o FrR
W= [F.di=—=
" 2
C
2
:d—W:3L = W=4) = v=2m/s
dt 2
C
Wi : W2 : W3 = Ratio of corresponding displacements = 12: (22— 11) : (32— 2?)
=1:3:5
C

dv —-12a 6h 2a ' a b b?
—:T+—7:O:>X: —_— :>Umin: 7 =——
dx X X b (2a/b)?> (la/b) 4a

2
Minimum energy required = "
a
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21.

22,

23.

24,

25.

P
U Mg Vmax = P = Vmax = ——

umg
C
w =" _16337
1+u
C

The KE intercepted oc V3

D
2 ,
T—mg:mv7 :>T=m[g+%j:6mg

A

mg(h +x) = %kxz — 980x2 -2 x 9.8 (0.4 +X) =0

= 50x2-x—-0.4=0
= (10x—-1) (5x+ 0.4)=0
= X=0.1m=10cm

D
y=a
W = (kx j).(ai) + j k(yi +aj).dy j=ka?

y=0

Exercise -2

C,D

. . . Vi :
Since no work is done by the force speed is constant not velocity. a = — along the centre of circle.
r

B,C
W.d by all forces = AK.E.
= Wy + Wn = K.Ef — KLEj

= mgh+0:%mv2—0

= v=42gh =v, =v,

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

B, C

B,C
wd=F.d

= (=i +2j+3K). 3]
=6
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10.

11.

12.

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

A B, C
W.d = Area enclosed by the F-x graph
A D
o F _ 10-0.2x2x10 _3m/s?
m 2

V(t=4s)=0+3x4=12m/s
s(t=4s) = %x3x42:24m

w.d by net force = AK.E
1

== mv? :1><2><122
2 2
=144
w.d. by applied force = 10 x 24 =240 ]

w.d by friction= F.d =— 4 x24=-96
B, C
B,C,D

A B, D
w.d by all forces = AK.E.
= FX-mgx =401
= 20x =401
X=2m
W.d.gravity =—mMgx =-2 x 10 x 2=-40J
W.d.tension = FXx =40 x 2=80J

A D
Power = F.v=Fv=Fxat or Fx+/2ax
Since ‘a’ and ‘F’ are constants

Power varies linearly with time and parabolically with displacement

A C

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

B, C
P =F.V
=mg(—j) . [ucos i + (usin0—gt)]]
=-—mg (usin 6 —gt)
usin 6
g

= P<0Ofort<
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13.

14.

15.

16.

17.

v(at x =0)=+/u®+2as

=+J0? +2x5x10
=10 m/s

X =X, +Ut+£a?1t2
2
:6i+4]+0+%(—3f+4])12
=4.5i +2j
C,D
w.d by all force = increase in spring energy

21 mg,, 1 mg2
= FXo+ mgxo = =k(Xx,+—) —=k| —
0 + MgXo 2(0+k) 2(kj

B,C,D
w.d. by F, :15><g><6:45nJ
w.d. by F, =30x6=1801

w.d. by F, =J'Flcos(90—gJ rde

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

B,D

12

At highest point F, = mv

12
= 2mg+mg=

= V'=,/3g(

Conserving energy velocity at lowest point

vV =,79(

B,D

w.d. = F.d = (6i—6]).(-3i +4])
=-18-24=-42]

Had there be no initial velocity particle must have moved along straight line making an angle of 45°

with x-axis.
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18.

19.

20.

21.

22,

23.

A C,D

P=F.V= + iveangle is acute
= —ive angle is obtuse

Area under graph = AK.E.

=20J
A B
:—Ol—U:Z—",?‘—E2 at equilibrium F = or, r=2—A
d r r B
2 2
Atinfinity U=0 r:2—A, U :—B—AU :B—.
B 4A 4A
A C

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

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

B,C

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

A C
2
At B acceleration of block = A 29R =29
R R
A, D
Exercise -3

(A-Q), (B-5),(C-R)
(A —qg) Work energy theorem — w.d. by all forces is equal to change in K.e.
(B —s) Negative of work done by conservative force is equal to change in potential energy
(C - I’) W.dext. + Whon cons. = AK.E. — Weons,
= AK.E. + AU
=AT.M.E

(A-R),(B-Q),(C-P),(D-T)

(A-R) %muzzng+%mvé
= Vg :1/79R
(B-Q) %muzzmngRJr%mvé

V. =4/50R
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(C-P) Ts = R =7mg
2
(D-T) T, +mg= mF‘Q’C
Tczg—mg:4mg

(A-Q), (B-P), (C-R)

4 sz 4 1

(A-Q) w.d = [locdx :{T} Zak[42—22] +ive
2 2
-2 o -2 1

B-P) wd = [ ox dx :{_} =—k[2* - 4°]=—ive
% 2 |, 2
2 2 2

(C-R) W.d=Ikxdx: ki -0
% 2 |,

(A-T),(B-P),(C-9),(D-Q)
SZ%XZX(‘DZ =16m

W.dgravity = —mg x 16 = -1 x 10 x 16 =-160 J

W.Onormal reaction = N €OS © x S = m(g+a) cos?0 x S = 144]
W.dfriction = f x S x sinO

=m(g+a) sin%0 x S =48]

W.d.forces = AK.E.

=%m(at)2 =%x1x (2x4)? =32)

C
Work done by both against gravity = mgh

B

mgh  50x10x15

Average Power = = 250W

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

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

D

AKE.=K.Ef- KEEi=K.Ef—0
=w.d. by mg

=mgh’

= 50x10x§ =2500J
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10.

11.

12.

13.

14.

15.

A
C
A
From conservation of energy at A and B, we have

%mvi:%mv§+ng(1+sine) .. (D)
At B the string becomes slack. Therefore

I 11174

mgsin 0 = R ... 2
After passing through B, the ball goes in a projectile
= Vg Sinbt =R cos 0 .3
and —vBcoset+%gt2=R+Rsine .. (4

Onsolving 1,2,3 &4
0 =30°

V= /@ and vy = /ﬁ
2 2
C

A (¢ -X)V+ A hg dt—Av2dt
=AML - (x +dx)] (v +dv), where A is mass per unit length
= hgdt= (¢ - x) dv

X dX \
= h ——= | vdv
ng—‘OE_X VJ—.O
2 (/
= V—:hg In
2 {—X

A
KE, =2, ({=x) gh In——
{—X

] ] V4
It is maximum, when —— =e¢

(=X
KE,, =hg - = M9
e e

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

=m—gh{ﬁ—h—hlnﬂ
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16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

A

B

C

U(X) = 20 + (x — 3)?

At x =0,
TME=U+KE

=20+9+20=49])
At extreme positions, K.E =0

= U =49]

= 20 + (x —3)? =49
= Xx—3=+429
= X:Si@i.e.,—BAand 7.4m

K.E.max = T.M.E — Min. potential energy
=49-20 (atx=3)

=291

Body is in equilibrium at min. potential energy

ie,atx=3

A

Whg is path and rate independent

C

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

B

Work done for conservative forces are path independent

D
ng = mgh

B
F.AF=F.(F, - T)

C
{o 2vsin 0

g

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

WEe = Fh= 8OJ, Wweight = —(mg)h =-40J.

Tension, T =Mg; accelerationa= 12— M
m, +m, m,+m,
w=T. Loz o MMM =My) oz
2 (m, +m,)
:200J
9
X=2
W = j (2+x) dx =3.5J
x=1
F F
—=+N=mg; —==uN
2 N
F F o u
—== - —=-"_mg=36
V2 ( j V2 p+l 9=
F
(@ W.=—=5=7.2]
NA

(b) Wfrlctlon - —WF =-7.2]
(C) Woravity = 0

W = Area under the curve =10 x 2 + %xelO
=30J

WE = increase in potential energy = mg ((1—cos0)

dW = mg(u coso + sin 0) ds = mg (ud(+dh)
W= mg(ul+h)

W = AKE = —%(2) 20° = —400J

W = AKE :% mo.*v

a) (2m)gxm=%kxﬁ1:>xm:4m

1 , 1 X 2_ X
b) E(Sm)v +EK(7) _(2m)g[ ) j

/m
= Vv=20,—
g 3k
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11.

12.

13.

14.

15.

16.

17.

c) 2mg—kXTm:(3m)a:a:—

w [«

2m,g m
(270 )=mg = m, =7

Let x be the extension of the spring and 6 the angle that the spring makes with the vertical at break

off.

K x cos 6 = mg = 40x 04

0.4+x

=32

= x =0.1m; The ... of B = the slide of A =4/(0.5)>—(0.4)* =0.3 metres = h (say)

%(Zm)v2 + % Kx®>=mgh

= v =154 m/s

mv dv dv u
—-L—=m— —=—— | dt
3 R dt VJ:/OV2 Rt:[O
t
= l—i+i:>v:v0 R = vdt:EIn(1+M—V°tJ
v Vv, R R+pv,t 5 1l

Fb(l‘s‘”e)=2><%mv2 = V= /M ,F . =2mg
m

Conserving mechanical energy:

2
2x10x1=0.5x 10 x (J§—1)+%x2xv2+%xo.5[ﬂJ

N3

= v =3.39m/s

2 (4,6)
W= [F.ds= [ (3x%i+2y)). (dxi+dy j+dzk)
1 (2,3)

4 6

(46)
= _[ (3x% dx + 2y dy) =x°

(2.3)

=83J

2

Ty

2

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

0 (alongOC)
4 o o1 2
=jx2(i+j).2dxi =j2x2 dx =21
0 0 3

A C

i) W= [ xy(+).dxi+ [ xy@+]).dy]
0 (along OA) A (along AC)
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18.

19.

20.

21.

22,

23.

y=1 1
=0+ dy==1J
[vor)
y=0
k=1 1
ii W=0+ | xdx ==
(iii) | :

k=0
@) J'dmg h =mgh

x=/(
(b) I (m dx] gx =% mg/(

x=0 [
0=(/R 2
m mgR® . (
c —Rd6 R cos0) = sin—
) J ( . ]g( ) -

(@) ucoso=v

1, 1 (vY
(b) m><10><5=§mv +Em—

0.8
=V 4—Om/s
Ja1
2
mg(§d TN R I —
4 2 4 2
2d 16m

mgh,, =mg 2r+§m (Jary’

= h_ =%; mg(5r) —mg 2r = %mv2

min

mv?

Now, Fresultant == 6mg

mv®
mg (1 —cos 0) = .. (1)
1 3
Emg€+mg€(1—cose):§mv ...(2

From (1) and (2)
v=\/g—7;6:cos‘lg
3 3

% mv; = mg((1—cos60°)

= Voz\/g_€=\/9.8><5=7m/8
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24,

25.

26.

27,

28.

29.

%m(a/SgR)2 —ng(l+0030c):%mv2 .. (D)

2Rsino.  2vsina
veosa g
From (1) and (2)
o=0o0roa=060°

Also, tﬂigm =

. Q)

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

=  v=4u’-4gR

Now, V tright = 3R

= Ju’-4gR ,B =3R
g

= u =;/gR ;

4R
Xmin = Vmin tflight = \/gh F =2R

X=nR

_[ (Adx) g{rsiniJr x} + % (mrd) v?
x=0 r

(23]
= vV=_[20r| —+—
n 2

1 1
mgR| =+1-cosO |==mv? ... (1
N
2

mgcosO:mVE .. (2

= 0=cos™ 5

+3
- Mo /”—”—1
M n+3

(FRY2 -mgR) = % mv?

= v:\/ZR(ﬂ—gJ

o 7
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30.

31.

32.

1 2—X=2LG d 1kL2
oMV, = j (GX)(mg) dx + -

x=0
= v=,/4ag+5
m
2

Stretch x = 0.4 (sec 30° - 1) = 0.4 (ﬁ_l} kx sin 30° = u (mg — kx cos 30°)
pumg

= kx = —
sin30° + pcos30°

Now, W = AU = %kx2 =0.09J

a) mg (1 — cos ) = %mv2 . (1)
2
F+mgcos 6=
From (1) and (2)
F=mg (2-3cosb)
N =Mg-2F cos 6, =Mg—-2mg (2 -3 cos 0) cos 6

Q)

Which is minimum when 6 = cos* %

h N=0o=M_3
M 2
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1. (B)
The centripetal acceleration
2
%
a, =k’rt> or — =k?rt?
r
v = krt

: . dv
So, tangential acceleration, a, = Pl kr

Work is done by tangential force.
Power = F.v. cos Q°

= (m ay) (krt)

= (mkr) (krt)

=mk? rxt

2. (B)
The force constant of a spring is inversely proportional to the length of the spring.
Let the original length of spring be L and spring constant is K (given)

Therefore,
KxL:EExK'

3
=K'= § K

2

3. (D)
dU(x) = — Fdx
U, = —J.Fdx
0
_kx? o ax?

2 4
U=0atx=0andat x = fz—k;:we have potential energy zero twice (out of which one is at origin).
a

Also, when we put x = 0 in the function,

We get F= 0. But F=—d—U
dx
du .
= At x=0; o 0 i.e. the slope of the graph should be zero.
X

These characteristics are represents by (d).

4. (B)
Let the maximum extension of the spring be x as shown in the figure.
Work is done by the gravitational and the spring force.
There is no change in the kinetic energy between the initial and final position of
the mass.
From Work-energy theorem;
Wg+Ws=0
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Where Wy = work done by gravity
And W = work done by spring

= +ng—%kx2 =0

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

© Wi=Wo=W;

(B)
We know that

AU = —jf Fdx or AU = —](-kxdx
0 0

kx?
= Uy =Y ="
Given U =0
kx?
R
(D)
v=/5gL (1)
2
\4 2
— | =v°-2gh .2
R —
h=L(1-cos0) ...(3)

Solving Egs. (1), (2) and (3), we get
cos0 = ! or O=cos™ (—Z] =151°
8 8

(@)
When the block B is displaced towards wall 1, only spring S1 is compressed and Sz is in its natural
state. This happens because the other end of S> is not attached to the wall but is free. Therefore the

energy stored in the system = % k,x?. When the block is released, it will come back to the equilibrium

position, gain momentum, overshoot to equilibrium position and move towards wall 2. As this
happens, the spring S1 comes to its natural length and S, gets compressed. As there are no frictional
forces involved, the P.E. stored in the spring S: gets stored as the P.E. of spring S when the block B
reaches its extreme position after compressing Sz by y.

1 1

E k1X2 = E kzyz
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10.

11.

y
X

N |-

(B)

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

ma (Pseudo force).
Let 6 is the angle which the tangent at P makes with the X-
axis. As the bead is in equilibrium with respect to the wire,
therefore
Nsin®=maand N cos 6 =mg

tan0 = a (1

: ()

But y = kx2. Therefore,

d—y=2kx=tane (i)

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

at this instant will be v cos 0 or %v. Further M

5 M
{ i |
will fall a distance of 1 m while m will rise up by : e‘@l BA
. 14 327
(J§ —1)m. From energy conservation: decrease 1m _Lvcos® <

in potential energy of M = increase in potential v ’J_,,:’— ’ ; - 2
energy of m + increase in kinetic energy of both /‘l" l I(B—n m
the blocks. :

or (2) (9.8) (1) = (0.5) (9.8) (\/& —1)+%><2xvz + %xo.sx[ﬂ)

N3

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

Let the string slacks at point Q as shown in figure. From P to Q path v
is circular and beyond Q path is parabolic. At point C, velocity of .
particle becomes horizontal, therefore, QD = half the range of the ' et
projectile. g H
Now, we have following equations [/ j:j """ [ +Lsing
2 ,,:

(1)  To=0. Therefore, mgsin 6 = m .. () : P
)  v?=u?-2gh=u?-2gL (1 +sin 0) L) P .

1 Lcos®
() QD= 5 (Range)

2 a1 o _ 2 ot
. (Lcose—kav sin2(90°-6) _ v’sin20 (i
29 29

Eq. (iii) canbe written as
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2
(cose—ljz v sincos O
8 gL
2
Substituting value of (V—Lj =sin 0 from eq. (i), we get
g

(cose—%j =sin*0—0 = (1—cos’0)coso
1 3
or cose—gzcose—cos 0

cossezé or cosezé or 6=60°

From Eq. (i) v? = gL sin 8 = gL sin 60°

. _\3

or vi=—gL
29

Substituting this value of v in Eq. (ii)
u?=v2?+2gL (1 +sin 6)

_ﬁgL + 29L(1+£]
2 2

:?gLJngL

:gL[2+¥j

u= gL[2+¥]

12.  The ball is moving in a circular motion. The necessary centripetal force is provided by
(mg cos6 — N). Therefore,

imgcosh

LiQie ’

mv?

(R+g]

According to energy conservation

mg sin0—-N, =
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%mv2 = mg(R +%j(lcos 0)...(ii)

From (i) and (ii)

Na=mg (3 cos 0 —2) ...(ii1)

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

0 =mg(3cos 6 — 2)

0 =cos” (zj
3

The graph between Na and cos6
From equation (iii) when 6 = 0, Na = mg.
When .. ©6=cos” @j

2mg]

é] 'l ¢ ‘ - - - ’ [
) ) ) cosO
The graph is a straight line as shown

when 6 > cos ™’ (%)
2

R+g
2

mv

Ng —(mgcos6) =

2

= NB+mgcose:m—V . (iv)
d
o)

2
Using energy conservation

1mV2 =mg (R+9J(R+QJCOSG
2 2 2

mv?

@

From (iv) and (v), we get
Ng + mg c0s6 = 2mg — 2mg c0s0
Ng = mg(2 — 3 cos0)

When cosezé, Ng =0

=2mg[1—cos@] (V)

When cos 6 =-1, N =5mg
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13.

14.

15.

(8)
Given m = 0.36 kg, M = 0.72 kg.

The figure shows the forces on m and M. When the system is released, let the acceleration be a.

Then
T—-mg=ma
Mg—-T=Ma

(M-m)

a= gzgls

M+m
and T = 4mg/3
For block m:
u=0,a=9/3,t=1,s=?
s:ut+£at2:0+1x9xll:g/6
2 2 3
Work done by the string on m is
FE_Ts— mxg:4x0.36x10x102
3 6 3x6

8J

(B)
Area under the F—t graph gives the change in momentum of the block.

Area A = Area of triangle ABO - Area of triangle DCO
© A=3(8)(8)-5(2)L8)=15Ns FO 4

Initial momentum of the block P =0

T

aT M AT
\L M
Mg \l,

4N
Using A=P; —P kﬁ 4.5

= P; =45Ns

o Pf
Thus final kinetic energy of the block K =om
m

2
= Kfzﬂzaom

2(2)
(4)

Loss in K.E. of the block = Gain in P.E. of the spring + Work done against friction

1, 1 5
—mv® = =kx* +umgx
> > umg

or %x0.18 V2 =%><2><(0.06)2 +0.1x0.18x10x0.06

or 0.09v?=36x10"*+108x10* =144x107*

12x107% 4
or v=———=—
0.3 10
Given v= N
10
. N=4
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16.

17.

(D)

Radius of circular path =a
The equation of circle is x*> +y* =a
Given: force

2

o K 2 ~
F= a—3[XI + yj}
The force acts radially outwards as shown in the figure and the displacement is tangential to the circle

path. Here the angle between the force which acts radially outwards and displacement which is

tangential to the circular path is 90°
.. Work done, W=FScos6=0

(0.75)

Given: Force, F= (ocyi+ 2ax]) and a.=—1Nm™

We know that dwW = F.dr = (ocyf+ 20X ]).(dxi+dy])
- dW = aydX + 2axdy

Work done
From A—B dy=0,as y=1

1 1
.'.lejaydx:ajdx:a
0 0
FromB —C dx=0,asx=1
0.5 0.5
* W, = | 2andy = [ 2ady = 20(-0.5)=—a
1 1

From C —D dy=0, as y=0.5

0.5
“ Wy = [ ax05dx ="
) 4

FromD —E dx=0,asx=0.5
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0
SW = | 20c><0.5dy=—%

0.5
FromE —F dy=0,asy=0

.'.W5:Iax0xdx=0

FromF —A dx=0asx=0

" Wy = [ 2a.x0dx =0

.. Total work done W =W, + W, +W; + W, +W; + W

R B G P

4 2 4
y
"5 B
1.0 | »
: v
D
g < C
\ 4 '
F E =
> x

18.  (5)
Work done = Increase in P.E. + gain in K.E

Fxd=mgh+gainin K.E
18x5=10x4+gain in K.E.
. Gainin K.E. =50J=10n

SN=5
19. (A, D)
At point Y the centripetal force provided by the component of weight mg
}/
mg sin 30°

2
- mgsin30° =WV
R

2 _9R

2
Now by the energy conservation between bottom point and point Y

SV
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20.

21.

22,

1 1 5
—mv5; =mgh+=mv
2 Mo =mah+5

S V2 =v5—2gh ()
-. From eq.(i)

2
<R = h—29h

Hence option(A) is correct
At point x and z circular path, the points are at same height but less then h. so the velocity more than
2

: . . mv* . . :
at point y. so required centripetal force = ——is maximum at points x and z.
r

(B)

As W,

all forces

= AK = W, + W, ==mv? -0

= mgh-150= % mv?

mgRsin30° —150 :%mvz :1x10x40x%—150 = V?

=v=10m/s
N —mgcosOwill provide required centripetal force
2

N—mgcosezm—V
R

2
m
N =mgcose+?V

1x(10
—1><10><;+ ( ) =7.5N
(B)
As discussed earlier, we get v=10m/s
()
Using, work — energy theorem, AK.E.=W =P xt
v —pxt
2

_\/2Pt \/2><05><5 -
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