Work, Power & Energy ﬂ—

Bl Exercise-1 |

. Marked Questions can be used as Revision Questions.

= fifed o Sevm A e 2

PART - | : SUBJECTIVE QUESTIONS

T - | : fJd9I 9% W99 (SUBJECTIVE QUESTIONS)

Section (A) : Work done by constant force fua a1 gRT far man &t

A-1.

Ans.

Sol.

Sol.

A-3.

A block of mass m is pulled on a rough horizontal surface which has a friction coefficient u. A horizontal
force F is applied which is capable of moving the body uniformly with speed v. Find the work done on
the block in time t by (a) weight of the block, (b) Normal reaction by surface on the block, (c) friction, (d)
F.

m S & UH i B p FT qUNe aret e a1 R dien orar 2 | ve afost 9o F ommar o @
S <l B G a1d v ¥ Tl §ahdl 21 t 99T A wiie ) T gl gR1 R st §nd &/
(a) <ifd B UR gRI (b) il IR o+ dTel 3if¥ers ufifhan 9a1 gRT (c) &89 gRT (d) F g1

(a) zero (b) zero (c) —umgvt (d) umgvt

(8) T (b) I (c) —umgvt (d) pmgyt
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f=umg=F

Displacement fa=ema= = vt

(a) Wmg = mg x vt cos902 =0

(b) Wn =N x vt cos90° = 0

(c) Wt = —umgvt

(d) We = Fvt = umguvt.

A gardener pulls a lawn roller along the ground through a distance of 20 m. If he applies a force of

20 kg wt in a direction inclined at 60° to the ground, find the work done by him. (Take g = 10 m/s?)
U Hlell S 0R Udh AR &I 20 m Eiadl g | If 98 S | 60° $IvT iR 20 kg wt 9 @@l & al

I9d gRT far T w1 S B | (g = 10 m/s27e )
Ans. 2000J

WE = Fs cos60?
=200 x 20 x %J
= 2000 J.

Calculate the work done against gravity by a coolie in carrying a load of mass 10 kg on his head when
he moves uniformly a distance of 5 m in the (i) horizontal direction (ii) upwards vertical direction.

(Take g = 10 m/s2)

IR W 10 kg SFAM &1 9R IoW g Td Goll §R1 Tod & [Gog BT 71, SR 90 R 4 I8
fraa ara | 5 maaar g1 (i) &fas f&=m #, (i) Sier e # 1 (g = 10 m/s?)

Ans. (i) Zero g (i) 500J
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Work, Power & Energy ﬂ—

Sol.

Ans.
Sol.

Sol.

(i) Work done by coolie when he moves horizontally = N.S. cos g= 0

(i) 519 Fell &S T B, O I9d gRI fHa1 T dRf = N.S. cosE=O

mg

i) Work done against gravity in carrying load through 5m = mgh
()WSmwﬁﬁWE%ﬁwﬁv—mwm
=10x10 x5
=500J Ans.

A block of mass 500 g slides down on a rough incline plane of inclination 53° with a uniform speed.
Find the work done against the friction as the block slides through 2 m. [g = 10 m/s?]
500 AT SHIM B T el 53° BT & FIEX Fdddl UR Uh AN a4 9 el 3 | afe e

2m fhadar 8 @ =¥ & fOwg & T s S v | [g = 10 m/s?]

8J
53%
m = 500 l kg
973
mg sin 0 = f«
Wi = (mg sin 0) (2) =[%j (10) E x2=8J

A block of mass 20 kg is slowly slid up on a smooth incline of inclination 53° by a person. Calculate the
work done by the person in moving the block through a distance of 4 m, if the driving force is (a) parallel
to the incline and (b) in the horizontal direction. [g = 10 m/s?]

20 kg STHIE &1 Yo el 53° Tl dlel e+ ddel R Yo Afdd gRI $UR GR—4R Ra\dHrn S & |
Tcd B 4m S A e § Afdd gR1 {6 T SR &l o1 H-1 Afe IR 9 [g = 10 m/s?)]

(a) Fa9a ® FET=R = (b) &fet = & 2|

Ans. (a)640J (b) 640J

m., = i

53°
W1 = (mg sin 6)4
=(20 x 10 x% ) (4)=640J

We +W;  =AK=0
m

53°
WF2 —(mgsinB)(4) =0
Wz=W, =4mgsin6=640J
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Work, Power & Energy ﬂ—

Section (B) : Work done by A variable force uRac=3fiel 5a gR1 fan /n &k

B-1.

Ans.

Sol.

B-2.#

Sol.

B-3.#

Sol.

A particle moves along the x-axis from x = 0 to x = 5 m under the influence of a force F(in N) given by
F = 3x2 — 2x + 7. Calculate the work done by this force.

Th B 9 F (NH) =3x2 - 2x + 7 & 31, x-318] & Qe x =0 A x =5 TP A BT 2 | $9 I NI
fovan a1 SR Sa |

135 J.

5
W = dex:j(3x2—2x+7)dx =135 J.

0

Adjacent figure shows the force-displacement graph of a moving body, what is the work done by this
force in displacing body fromx=0tox =35m ?
@ fF e afRiiar axg @1 99 favenus 9 ueRia wRal &, 9% B x= 0¥ x =35 H. IF fRenfiq

B H g1 g b 1 drf @y B ?

0 5 10 15 20 25 30 35 40
Displacement (m)
faRemus (m)

Ans. %J =287.5J

W = Area under given graph from x = 0 to x = 35m

W=x=0" x=235md®d a9 I R &%

= 1 (20440)x 10— 1 «5x5=212.
2 2 2

A 10 kg mass moves along x-axis. lts acceleration as function of its position is shown in the figure.
What is the total work done on the mass by the force as the mass moves from x = 0to x =8 cm?

T 10 fpu1 Segd x-3el & JAfad T HRal 2| sHbl RAfG & B & wU H 39D ROl O H
@ 1 8| 99 S99E x = 0 ¥ x = 8 WHI Td I & o 9 R S GHM WR A1 T HA I
e 87

5

1

1

1

1

|

|

8 x(cm)
Ans. 8 x 102J

Work done f&am a1 &1 = m x (area under the graph 3% | foRT &3%he)

_10 x %x20x8x10_4J
—8x 1024,
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Work, Power & Energy ﬂ—

B-4.

Ans.

Sol.

A chain of length ¢ and mass m is slowly pulled at constant speed up over the edge of a table by a force
parallel to the surface of the table. Assuming that there is no friction between the table and chain,
calculate the work done by force till the chain reaches to the horizontal surface of the table.

IR H (TNEIS d m SN B TS 9 e Dl TH DR A FW B R Fag b AR UH

TMHR o o & fR—8R i I 2| <9 g A9 $ 7 g9 SguiRed A g 9 gRT fhan W
P I IR o9 TF 6 =99 791 1 AT Fa8 W g © |

mg/

2

F at any moment f&=dl 91 &1 * F

— X——»

] g |

(=x)
l

(=x)

(£=x)
‘
w = [mO=X) g
T
_mgt
S

=mg

Section (C) : Work Energy Theorem &1 Suil U8g

C-1.# Figure shows a particle sliding on a frictionless track which terminates in a straight horizontal section. If

Ans.

Sol.

C-2.

Ans.
Sol.

the particle starts slipping from the point A, how far away from the track will the particle hit the ground ?

o7 % ve B Uh g¥ur Xfed uU o Ue WY IS 9 § g9 8@ ol © ) fad w71 2 afe o A
H AT YRS BN I I8 ST ORIl IR U ¥ bl gr g i) R ?
TA

1.0m

-I_O.Sm

At a horizontal distance of 1 m from the end of the track.

9 & BR | 1mafis g8 i |
(mg)1 —mg/2=mv?/2, v = \E

d=v,2h/g =.fg @:m

In a ballistics demonstration, a police officer fires a bullet of mass 50.0 g with speed 200 m s~! on soft
plywood of thickness 2.00 cm. The bullet emerges with only 10% of its initial kinetic energy. What is the
emergent speed of the bullet ?

TF Yo THER, 50.0 g S @I T el 200 m s~ & I | 2.00 cm A FHS! B ed W AR B |

Mell, RIS TfAS Holl B 10% TS Hofl S FY qreY beld) & | 918x Fdheas W el & =t @
g7
vi= 20410 = 63.2 ms™!

Ki=0.1 Ki

= lmv2=0.1 ><l mu?
2 P

= v2=0.1x (2002=  v= 2010 m/s.
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Work, Power & Energy ﬂ—

C-3.

Ans.

Sol.

Ans.
Sol.

C-5.

Ans.
Sol.

C-6.

Ans.

It is well known that a raindrop or a small pebble falls under the influence of the downward gravitational
force and the opposing resistive force. The resistive force is known to be proportional to the speed of
the drop. Consider a drop or small pebble of 1 g falling (from rest) from a cliff of height 1.00 km. It hits
the ground with a speed of 50.0 m s~'. What is the work done by the unknown resistive force?

I8 91d © 6 a9l 3 TP B! 3 gl & [HaidyYl 9o 9 YRR 9 & ofi| T AR 2 1 ufoRie q«
T B I B FAGUTH B 71 1.00 km @ I3 ¥ faRmEwen ¥ fRd g0 1 g g9 @ UF 8IS 8
DI of | I8 eRTael ¥ 50.0 m/s B AT A THRI! 8 | A= YRl gt gR1 fhan w1 S @1 s ?

%5 -J=-875J
Using work energy theorem, &/ ol URT A

Wg+WR=AK
= WR=AK—Wg
%x 103 x 502—- 103 x 10 x 1000
_35,
4

A bullet of mass 20 g is fired from a rifle with a velocity of 800 ms-'. After passing through a mud wall
100 cm thick, velocity drops to 100 m s-'. What is the average resistance of the wall ? (Neglect friction
due to air and work of gravity)

20 g @ TS el B Yo fUircl § 800 m/s & I A SR Il & | 100 cm AT €AR & oA & 919
BT 97 100 m/s X8 WAl & | 81 ® URIE 9 Rocd §RT B PI T9F A §J QIR BT 3iad gfcRre
S BT |

F =6300 N

Work done by resistive force UftRIell g gR1 fhan M &t = Wa = AK

_ % x 20 x 10-3 (1002 — 800?)

- 6300 J
e ] 6300J
So, average resistive force 3ra: 3i¥Id UfcRIEh 9e1 <R> = 6300 N.

A force of 1000 N acts on a particle parallel to its direction of motion which is horizontal. Its velocity
increases from 1 m s~' to 10 m s~!, when the force acts through a distance of 4 metre. Calculate the
mass of the patrticle. Given : a force of 10 Newton is necessary for overcoming friction.

TS HU R 9@ A0 B fa=n S1 fb &afost 8, & ogfas 1000 N &1 UH o S9-1 Sl 2 | S 9 4 m
D TS PRRG &l © Al SHBT 9 1 m/sT H 10 ms~! B T & | B BT SHHA 1A Hiford | 4w

T2 ONY 9 @ fI%g g # gATH 10 N 9 B MagIehd Bl § |

80 kg

By work energy theorem, B Holl TR F
WE + Wi = AK

= 1000x4—10x4=% m(102 - 12)

- m = 80 kg.

A rigid body of mass 5 kg initially at rest is moved by a horizontal force of 20 N on a frictionless table.
Calculate the work done by the force on the body in 10 second and prove that this equals the change in
kinetic energy of the body.

U™ W ReR, 5 kg SMM & UP g¢ fUvs b1 20 N &1 &S 961 PR U =8l Rf2d A9l R el
SITar 21 10 sec § 9¢1 gRT fban 1 &1 od HIN 7 Rig IR & g8, v & w1fos ot § aRad=
P AR B

4000 J
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Work, Power & Energy ﬂ—

Sol.

C-7.

Ans.

Sol.

C-8.

Ans.

Work done by the force I gRT fvam a1 &1 =J'Fds =F x %at2
1 F

= Fx — x —xt2
m
242 2 2
_ Ft _ 20°x10 _ 4000 J
2m 2x5
Now 379 AK %: m(v2 — u?)

lm(2as)=m><E xlx E><t2
2 m 2 m

242
Y 40004
m

WEe = AK.

A rigid body of mass 2 kg initially at rest moves under the action of an applied horizontal force of 7 N on
a table with coefficient of kinetic friction = 0.1. Calculate the

e A ReR, 2 kg SHH B U e axg ®1 7N $1 &fdst da R 0.1 e =¥or [onies arell 391 W)
AT S B | A1 DI |

(a) work done by the applied force on the body in 10 s.

IR 91 gR1 10 s § fvan a1 &rd

(b) work done by friction on the body in 10 s.

Y9 g1 g1 10 s § fvan ™ &

(c) work done by the net force on the body in 10 s.

T W IRV 9 gRT 10 s 4§ a1 1 s

(d) change in kinetic energy of the body in 10 s.

10 s 3 9%g DI TSl Hoii § gRac

(a) 875 Joule  (b) —250 joule (c) 625 joule. (d) 625 joule,

Change in kinetic energy of the body is equal to the work done by the net force in 10 second. This is in
accordance with work-energy theorem.

(@) 875 5@  (b)—250 5@ (c) 625 [ (d) 625 T,
%] ®I el Holl d uRadd 10 Hbvs H §ol 9 §RI [ T PR & R 8 (P1d SHoll T9T &

F-f _ 7-0.1x2x10
m 2

(a) F-f=ma = a= = 2.5 m/s?

S= lat2=l x25x100=125m
2 2

We=F xs=7x125=875J.
)  Wi=-0.1x2x10x125J =—250J
(©)  Wrow = (875 — 250) = 625 J

(d)  AK = Wiow = 625 J.

A block of mass m moving at a speed v compresses a spring through a distance x before its speed
becomes one fourth. Find the spring constant of the spring.
vaTd | TRefid, m @ $1 TS JehT SHal I Uh A1 B ¥ Usd R @ x @ 9 g9 ©
Rt &1 Rt fadae s SR |

15mv?

16x°
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Work, Power & Energy ﬂ—

Sol.

C-9.#

Ans.
Sol.

C-10.#

Ans.

Ws = AK

2 2

= lkx2=lm(v2—v—) = =15m\£
2 2 16 16x

Consider the situation shown in figure. Initially the spring is undeformed when the system is released
from rest. Assuming no friction in the pulley, find the maximum elongation of the spring.

2m

TUTTITIVIRITITT T
o 4 & = Rt ) fER 5| R d R i g3 781 5, 99 fer fikm | sie1 o 2
ol & = €1 § W' W gy R @ it IR s i |
4mg/k
AU = -AK

1
—kx2—2mgx =0
5 g

£
l

= X =

A rigid body of mass 0.3 kg is taken slowly up an inclined plane of length 10 m and height 5 m
(assuming the applied force to be parallel to the inclined plane), and then allowed to slide down to the
bottom again. The co-efficient of friction between the body and the plane is 0.15. Using g = 9.8 m/s? find

the
u=0.15

4

Fixed

0.3 kg STAF &I TP §¢ axg D 10 m & @ 5m Sd 7d da W GR-8R o S S 8 (@ &b
IRINT 96 7 T & FTA=R ©) AR B A= e & ford ©is a1 Sl 8| 90 7 @ 9% & a9
Y1 o 0.158 | g = 9.8 M/s2 T YA B Y A dIoR-I—

u=0.15

QY

Rer
S
work done by the gravitational force over the round trip.

(a)

(b) work done by the applied force over the upward journey
(c) work done by frictional force over the round trip.

(d) kinetic energy of the body at the end of the trip?

(a) gol =I1h H T[N g §RT A1 T BRI
(b)
(€
(d)
(

a) Since the gravitational force is a conservative force therefore the work done in round trip is zero.

(b TR0 ge1 Wl Tl B | gAlAY U qui Tk # R T B g R |
(b) wr = (9.8) (0.3) (1/2) (1 + 0.154/3 ) (10) J = 18.519J
(c)—0.15x0.3x9.8x (\/3/2)x20J= —7.638J

(d) 0.3 x 9.8 x (10/2) (1 —0.15 x+/3) = 10.880 J

13
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Work, Power & Energy ﬂ—

Sol.

C-11.

Ans.
Sol.

C-12.

Ans.

(a) Smce gravitational force is conservative, So, work done by it in round trip is zero.

W@www@w%lwﬁqwqﬁwﬁﬁmwm?ﬁ%l

//////////////////////////////f////////////////////////

mg

= 0 = 30°
WEe = mg(sind + p cosB) x /¢

=0.3x9.8 [%+0.15x§] x10=18.519J

(c) Wi=—f.s
=— umg coso (2¢)

= —2umglcosd =—2 x 0.15 x 0.3 x 9.8 x 10 x g - -7.638 J.

(d) ByW.E.T, &1 SHull UHI NI
Kf— Ki = WE + Wt + Wy
= Ki = (18.519 — 7.638)J = 10.880 J.

A block of mass 200 g is moving with a speed of 4 m/s at the highest point in a closed circular tube of
radius 10 cm kept fixed in a vertical plane. The cross-section of the tube is such that the block just fits in
it. The block makes several oscillations inside the tube and finally stops at the lowest point. Find the
work done by the tube on the bIock during the process. (g = 10 m/sQ)

200 94 SFHIA B U Jcdl, HEAiER ddd H siead < 10 T4 5 & gumeR el § Iwaaq fdg w®
4/ /9. B A F GAI AT B | Tell B AU HIS VAT & 6 [eHr sHH G G 1A B [SH Tl
P 3T By AR QI BRI & 9 A H FaH fd7g IR fIRMEER 3 3 911 2| $9 Ufshar & SR el
ER1 o W fHa1 T & §1d S | (g = 10 m/s?)

-2J

Wrube + Wg = AK

= Wrube = AK = Wg =0 - %muz—mg(ZR)

= —%x0.2x42—0.2x10x2x0.1
= -16-04=-2J.

A block having mass 500 g slides on a rough horizontal table, if the friction coefficient between block
and table is 0.2 and initial speed of the block is 60 cm/s. Then calculate :

(i) Work done by frictional force in bringing the block to rest.

(i) How far does the block move before coming to rest. (g = 10 m/s?)

TP 500 U AN $T ICHT T GRaW &fasl A9 R fhaadn g, It e Jo1 79 & Heg "yl o
0.2 81 TAT I &I URMS =Tl 60 cm/s B A A HITY |

(i) e @l foxm § o & SR uvo 91 @ g1 fhan a1 e |
(u)ﬁ-\rrqﬁaﬁéqgﬁwmaﬁmgqm g =10 m/s?)

(i) —0.09 J (i) 9 cm
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Work, Power & Energy ﬂ—

Sol.

() Wi=AK =0 —% m u2

(20 00y
2 11000

__1. 1 36

T2 72 7100

=-0.09J

(i) — 0.09 = pxmg x s
S _ 2.1 ioxs
100 10 2

s=9cm

Section (D) : Potential energy and mechanical energy conservation

D-1.

Ans.
Sol.

D-2.

Ans.

Sol.

D-3.#

A projectile is fired from the top of a 40 m high cliff with an initial speed of 50 m/s at an unknown angle.
Find its speed when it hits the ground. (g = 10 m/s?)
UH g8 40 Hl. HA AR 4§ 50 AL/H. & URMPAS AT A DI TR Bl Sl © | 919 I8 qa8 W

THIAT B T D! AT S BRI | (g = 10 m/s?)

10/33 m/s

AK = —AU

%m(v2 — u?) = mgH
vZ=u? + 2gH
(50)2+2 x 10 x 40

v= 1033 m/s.

T

Calculate the velocity of the bob of a simple pendulum at its mean position if it is able to rise to a
vertical height of 10 cm. Given : g = 980 cm s=2. _

Uh O dledd & did 1 J1eg Reafd § 971 sia S afe I8 10 cm &1 JWER S8 dd o § ded
81| (fear ™ ® 1 g =980 cm s?)

gm s =140 m s

%va =mgh
V= ‘/2gh = J2x980x10 cm/s
=140 cm/s = 1.4 m/s.

The bob of a pendulum is released from a horizontal position A as shown in figure. If the length of the
pendulum is 2 m, what is the speed with which the bob arrives at the lowermost point B, given that it
dissipated 10% of its initial potential energy w.r.t. B point against air resistance? (g = 10 m/s?)

o 3 SO SR &RTS s/awen A ¥ dldd ®1 dig B BIST ofidl & | Al dAldd & =g 2m g ol 44,
fam fig B R fw 91 @ ugal | Ran o & b 9y ufeRiy & fawg s9a) uRfe Refaw et &1

10% <19 & SIar 21 (g = 10 m/s?)
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Work, Power & Energy ﬂ—

Ans.
Sol.

D-4.#

Ans.
Sol.

D-5.#

6ms.
Wq + Wr = AK
= mgl — 0.1 mgf:% mv2

= v= 1.8g¢ = J1.8x10x2 =6m/s".

The heavier block in an Atwood machine has a mass twice that of the lighter one. The tension in the
string is 16.0 N when the system is set into motion. Find the decrease in the gravitational potential
energy during the first second after the system is released from rest.

Tdh Uegs HYH H ARl Ch Bl SgH Bed dldl B AT © | o9 e Al 8 @ SN § aEe
16.0 N 8| o9 g foRM™ @ ©IeT Sl & 1 U2 Jhvs & aRM Toad RAfds ol § &4 9imd
DI |

m;, m, m1 m,
Atwood Machine vegs HH
29=196J
Let 99T m1 = 2me
a= (m1 _mz)g= m, g= g/3

(m,+m,)~  3m,
So, distance travelled by each block 3fd: U ildh &RT T3 G = %at2 =g/6

g o o L. 12

m, +m, 3 g
Hence, loss in gravitation P.E. during first second 3id: Yo H&vs & GRTH Jocdid Reafast Ioif § w4
= (m1 —mgz)gh

AlsoTaT T =

=(2m2—m2)g X g = E><g><g=29_
6 g 6

A 1 kg block situated on a rough inclined plane is connected to a spring of spring constant 100 N m-" as
shown in figure. The block is released from rest with the spring in the unstretched position. The block
moves 10 cm along the incline before coming to rest. Find the coefficient of friction between the block
and the incline assume that the spring has negligible mass and the pulley is frictionless.

Take g = 10 ms=2.

U FYREY A dd W W 1 kg BT U <ld AR 100 N m-' R1 i o g RO 9 ST gan
2| R ifaaiRa oaven # B, 319 @ifd &I BT Wil g | ReR 3R # o1 A Ugdl «ifdh, ad dal W
10 cm = 2 | RN 1 OURfRd ofd 89 @ REIT &1 SogdH 99 91d g3 9 91 9 i @ i "yl

ONH S BRI | (g = 10 m/s2 <)
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Work, Power & Energy ﬂ—

Ans.

Sol.

1

8
Ws + Wg + Wi = AK
= —%kx2+mgx sin372 — umg cos372 x x = 0
1 3 4
= —— x100x(0.1)2+1x10x01x ——pux1x10x — x 0.1
2 5 5
- _ 1
h=g-

Section (E) : Power 31fad

E-1.

Ans.

Sol.

E-2.

Ans.

Sol.

E-3.

Ans.

Sol.

Ans.
Sol.

An elevator of mass 500 kg is to be lifted up at a constant velocity of 0.4 m s-'. What should be the
minimum horse power of the motor to be used? (Take g = 10 m s and 1 hp = 750 watts).

500 o @ U fode &1 0.4 ms~! & A 971 & SR SO 2| FAGH fhas Rawfad @ HAex @
ISR AT BN | (g = 10 ms2 9 1 3awfdd (hP) = 750 dfe )

%hp Jreqefad
P=F.v=mgv=500x10x0.4W
=2000 W
2000 8
= ——hp= —hp.
750 P 3 .

A lift is designed to carry a load of 4000 kg in 10 seconds through 10 floors of a building averaging 6
metre per floor . Calculate the horse power of the lift. (Take g = 10 m s=2 and 1 hp = 750 watts).

% forde, 4000 fam & WR &1 10 Af5el 3ARG (IS AR 6m $Ha18 &) W 10 A6T8 § of I &
forg gl St B | forde @t sreawfad Sid ST | (g = 10 ms2d 1 hP = 750 df <)
320 hp srEaefad
mgH 4000 x10 x60
t 10
24000

= ——— hp =320 hp.
750 P g

A labourer lifts 100 stones to a height of 6 metre in two minute. If mass of each stone be one kilogram,
calculate the average power. Given : g = 10 m s=2.

T AuigY 100 UeRi &1 & e § 6 #iex @ $uE T@ of oAl 2| IR IS URR H SIHH Th
frarm 81 @ oirda wfda sma e | &= ™1 8 g = 10 m/s2.
50 W

P= w = 24000 W

mgh ~ 100x1x10x6
t  2x60

Average power 319 efad = =50 W.

The power of a pump motor is 2 kilowatt. How much water per minute can it raise to a height of
10 metre? Given: g =10 m s2,
TS U9 Alex Bl Ak 2 el dfe 5| I8, 10 9. & Sars de uid e fan il ggr dadl 57
fGm2:9g=10ms2
1200 kg

mgh

Power @1faa P ==

3
i ng=1200 kg.
gh 1010

= m=

/\

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) - 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow [ e o500 558 5555 | CIN : UB0302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Work, Power & Energy ﬂ—

E-5.

Ans.

Sol.

An engine develops 10 kW of power. How much time will it take to lift a mass of 200 kg through a height
of 40 m? Given : g = 10 ms=2.
TH 3o 10 kW &I ofdd ST &l & | I8 200 f5i sagq &1 40 m S8 # fha=n aw7g o (R ®

g=10ms3)

8 second JdHve

p_ mgh t-moh _200x10x40 . _ g second.
t P 10x1000

Section (F) : Conservative and nonconservative forces and equilibrium

F-1.#

Ans.

Sol.

el U9 Srevell g1 de Argraeey]
A force F = x2y?i + x2y?j (N) acts on a particle which moves in the XY plane.
o F = x2y2i + x2y?j (N), X-Y a1 § TIfrefial o1 R aRIfUd &
Yi—a—ic

D ki

& a

|
1
X

A B

(a) Determine F is conservative or not and

A BRI 6 F ERef © a1 T8 q

(b) find the work done by F as it moves the particle from A to C (fig.) along each of the paths ABC,
ADC, and AC.

FU gRT A9 Ca& (=) weii ABC, ADC @211 AC & 3fS®l 7Ifd &= & foiy 9 F gR1 {5y T &l

TAUET BT |

(@) No =T8I (b) Wasc = Wanc = 33—5 (J), Wac =25i5 (J) ]
(a)w = [F.ds

= J'(xzyzf +x2y2j).(dxi +dyj)

= j(xzyzdx + x2y?dy)

which is not a perfect integral and hence cannot be integrated without knowing y = f(x) or x = f(y). So,
work done by F depends on path. So, it is non-conservative force.

Y TE TP YUl WAThT & B, A 897 y = f(x) AT x = f(y) BT S 3BT THe &l & Fhal & A F
g1 fhar a1 &t gy W iR Frar @ gfifory I sriRel 9ot 2

(b) While moving along AB, y = 0 and along BC, x = a.
AB & ¥ WM WX y =0 BC & IgRW x = a.
Wagc = Ixzyzdx +Ix2y2dy
0 0
3 5
—0+a2x & =2
3 3

While moving along AD, x = 0 and along DC, y = a
AD & rfaw T &R 9 x =0T DC & jfewr y = a
5

a a 3
So 31d: Waoc = Ixzyzdx+_[x2y2dy =0+a2. % =
0 0
Along AC & 3rgfeer x=y
So 31 Wac = szyzdx +J.x2y2dy
0 0

h 1 2a°
= | x®x%dx + | y?y?dy = —.
pixaxe ey = 5
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Work, Power & Energy

F-2.

Ans.

Sol.

F-3.

Ans.
Sol.

Ans.

Sol.

-

Calculate the forces F(y) associated with the following one-dimensional potential energies:

/1 v foia Rafas Sotfeli @ G @i F(y) @ o1 &)

@ U= -oy
(a) F=—% .
(@) F(y) = —%
(b) F(y) = $
© F(y) = -

(b) U =ay?-by? (c) U=Uosin By
(b) F =_ﬂ = —3ay?+2by; (c) F=- ﬂ= — BUocosPy
dy dy
—BUo cos By

The potential energy function of a particle in a region of space is given as :

=(2x2+3y® +22) J

Here x, y and z are in metres. Find the force acting on the patrticle at point P(1m, 2m, 3m).

TS H & fog e # Rfost st &1 %ew U =

- x, y FATz AR 3 B | f95 P(1m, 2m, 3m) R FT R SRR 9 AT B |
F=—(4i +36]+2k)N
Uz = (2x2 + 3y® + 22)

= —(4xi +9y?j +2k) N

So,  Fuag =

(4|+36]+2k)N

Force acting on a particle in a conservative force field is :
TReN 9 8T § B R BRRG 9o 4 8 —

(i) F =(2i+3])
(i) F = (yi+xj)

(i) F = (2xi +2yj)

Find the potential energy function, if it is zero at origin.

Retfost il Beld 91 )1 IS 7ol fd5 ) I8 I B |

(i) U(x, y, 2) =

(—2x — 3y)

(i) U(x, y, 2) = = (X2 + ¥?)
(ii) U(x, y, z) = — xy.

(xy,2)
U=- j F.ds

0

(xy)

~ | (27 +3]).(0xi + dyj)

U

"

(i)
||| XJ.

(

<

52)

< ‘ot—x

j 2XI +2yj) (dX| +dyj
0

yl+X]

y
2dx +J.3dyJ =-(2x + 3y)

ijdx +_[2ydy =-(X2 +vy?).

dXI +dyJ)

I (ydx + xdy) = — xy.
0

(2x2 + 3y8 + 27) J 9 = v &
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Work, Power & Energy ﬂ—

F-5.#

Sol.

The potential energy function for a particle executing linear simple harmonic motion is given by U = >

kx2, where k is the force constant. For k = 0.5 N m~', the graph of U(x) versus x is shown in figure.
Show that a particle of total energy 1 J moving under this potential ‘turns back’ when it reaches x = +
2m.

W@Wﬁﬂﬁ&ﬂﬁgﬁ{@ﬂﬁﬁﬂﬁﬁ%ﬁ%ﬂU(x):%kXQQW%mw%,aﬁKaaﬁaﬁi—cﬁ

21 K=05Nm"a& forg, Ux) @ x & 9 71 <ol a1 € | g IR & 1 J gt Solt aren dn g9
fova & i\ WY A AT TP BT X = + 2m W YT B 919 S SR |
U(x)

I

|

I

1 | 1

-2m-1m x=0 +1m +2m
k

X A

At x = 0, total energy is in form of K.E. since U =0

x =0 R, ol It frs St & w9 H 2 o U=0
and it turns back when its K.E. = 0

3R U 79 gl & o9 KE. =0

So, total energy is in form of P.E.

Id: I Soft Refos Soif & w9 H 2 |

AU = —AK
= 1kx2=1
2
= x2=1x2x2
X =%2m Ans.

PART -1l : ONLY ONE OPTION CORRECT TYPE

T - Il : I Uh He) fddhed YR (ONLY ONE OPTION CORRECT TYPE)

Section (A) : Work done by constant force fud Ie g1 fran a1 i

A-1.

Sol.

A rigid body of mass m is moving in a circle of radius r with a constant speed v. The force on the body
2

is and is directed towards the centre. What is the work done by this force in moving the body
r

over half the cirumference of the circle.
mWEﬁWEWrf%IFmEEQHﬁﬁHHWVQHﬁW@%IWWGWWﬁHW%%HQH
THD! 2N B B MR B | g B el uRM R I d% 39 9o NI fbar a1 &1 & —

mv? mv? nr?
B*) Zero I C D

- (B°) Zero T ©) (D) —

Force is perpendicular to displacement hence work done is zero

I R & orvaq 2 or: fan T & T 2

(A)

/\
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Work, Power & Energy ﬂ—

A-2.

Sol.

Sol.
A-4.

Sol.
A-5.

Sol.

Sol.
A-7.

If the unit of force and length each be increased by four times, then the unit of work is increased by

I 91 9 AXTg B SHIg DI AR AT PR AT T A1 B B 3PS 96 Sl 8 —

(A) 16 times (B) 8 times (C) 2 times (D) 4 times
Joule S[@ = (Newton=ge+) (Metre #ew) = 4Ne:vton 5 4M;etre _ J(:léle

Hence 31d: 1 Joule = 16 joule (Joule is new unit of force S 9 &1 A SHTS &)

A man pushes wall and fails to displace it. He does

T 3MeH) IR Bl IFDI dl & 9 39 (AT B+ H %l &dl & | 98 Hdl & —

(A) Negative work (B) Positive but not maximum work
(C*) No work at all (D) Maximum work

(A) FEOTHS BRI (B) giTeia Ty S1f¥raa BRI T8l
(C*) flSerqmat SR T8l (D) sTr®maH B

W = (force §d) (displacement fa¥eias) = (force 9<) (zero TH) = 0

A rigid body moves a distance of 10 m along a straight line under the action of a force of 5 N. If the
work done by this force on the body is 25 joules, the angle which the force makes with the direction of
motion of the body is

U §¢ a%g SN 9 & 3feF Udh Ol X@1 & fgfal 10 m S 99 Hdll ¢ | IfQ 39 9 g1 9% W fban
T HT 25 9 © A1 a%g DI TG bl & B A 9 §RT IR T B0 T —

(A) 0° (B) 30° (C*) 60° (D) 90°

25 =5 x 10 x cos6 so 6 = 60°

A rigid body of mass m kg is lifted uniform velocity by a man to a height of one metre in 30 sec. Another
man lifts the same mass with uniform velocity to the same height in 60 sec. The work done on the body
against gravitation by them are in ratio

TE e m fhur. @ a%g ®I 30 UHTS H UP Alex DI Hdls ddb Yb T o971 d SOl © | TaxT 3MeH!
FAM SIAN Bl YHAAN I ¥ T Hdls dP 60 AHUs H IoMl ¢ | 596 §RI Tocd & [dog (b T
PRI BT AU & —

(A)1:2 (B*)1:1 (C)2:1 (D)4 :1

work done by first man + work done by gravity = 0 (i)

Uge eHl gRT foan T &t + v gR1 e mn e =0 ()

work done by second man + work done by gravity =0  ...(ii)

TER IMEH! T o T SR + [oed g1 fban =1 & =0 ...(ii)

Ratio of work done by them S9& gRT {3 &I BRI &1 31U =

A particle moves from position r, = 3?+2]—6I2 to position T, =14f+13]+9l2 under the action of force
4i+j+3k N. The work done by this force will be

TF B, 91 4i+)+3kN B e Refy £ =3i+2j—6k & RARIE, =141 +13j+9k dob 7Y Hear 2|
9 9 §RT fhan 1 S B8R —

(A*)100J (B)50J (C)2004J (D)75J

W= (p-1) =100J

A ball is released from the top of a tower. The ratio of work done by force of gravity in first, second and
third second of the motion of the ball is

UFh TR ¥ TP 15 B! Ol ¢ | I &1 I & SRME Yo, fgdia @ qag Iavs § & 9 gRI 6
BT BT U & —
(A)1:2:3 (B)1:4:9 (C*)1:3:5 (D)1:5:3
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Work, Power & Energy ﬂ—

Sol.

A-8.#

Sol.

Sol.

1 1
S1=—-9g12,s2= —
1 29 2=
82—81—l 383—82—195

T 9% S 2

Wi = (mg) S1, W2 =(mg) (S2—S1), W3 =(mg) (S3— S2)
Wi:W2:W3=1:3:5

g22,83= g 3?

| =

A block of mass m is suspended by a light thread from an elevator. The elevator is accelerating upward
with uniform acceleration a. The work done by tension on the block during t seconds is (u = 0) :

m SHE BT U ild Y 8ol SN §RT U fode d oIcat ganl | fode veh 99+ @Rl 'a' 9 SWR I
3R ST & B | 919 §RT t Hvs H i 9= fhar 11 &1 § (u=0) —

T Ia

[m ]
() 7 @+a)at  (B) T (9-a)ar ®) 3 gat (D)0
T=mg+ma, S= %atz
Wr=TxS
_ m(g+a)at®
- 2
Work done by force of kinetic friction on the system.
s TN 9 gRT e wR fea T sRi —
(A) must be zero (B) must be positive
(C*) must be negative (D) None of these
(A) I BT (B) &9 BT
(C*) FUTTHS BT (D) H | P -TEl

This can be explained by two blocks problem.

39 T <Al e I U S el © |

Section (B) : Work done by A variable force uRac=3iiai s gR1 fdar &1 &t

B-1.

Sol.

Two springs have their force constant as ki and kz(k1 > k2). When they are stretched individually by the
same constant force up to equilibrium -

31 Rl @& 9a Fai® ki dke(ki > ko) 8| 914 9 AN 9o R W@ad ©9 9 Gid O 8 o 39 9 gRT
HATRITART b

(A) No work is done by this force in case of both the springs

T R & ol 39 91 g1 BI B FET b |

(B) Equal work is done by this force in case of both the springs

T R8T & folg 59 9a g1 99 & fan ran @

(C*) More work is done by this force in case of second spring

e R & forg 59 91 g™1 e o fovar S 2 |

(D) More work is done by this force in case of first spring

gord R & foU 59 9o gRT 31 & fbam Sirdr 2 |

2
F=K1X1,X1=£,W1=1K1X12= F
K, 2 2K,

2

similarly g1 38 Wz = 2F since gfd Ki > Kz, Wi < W2
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Work, Power & Energy

/\g

B-2.  Arigid body is acted upon by a horizontal variable force which is inversely proportional to the distance
covered from its initial position ‘s’. The work done by this force will be proportional to :
TE av] W &fas aRadt 9o (@) g9a URfe Rafd & @7 @ 18 8 's’ & Fopargurh 2 1) R B
o Siram © o1 fosan T SRl AU 8T —
(A) s (B) s2 (C) \fs (D*) None of these $9H
BIg TEI
Sol. We= I(gjds =KIns+C  Ans:(D)
B-3 The work done by the frictional force on a surface in drawing a circle of radius r on the surface by a
pencil of negligible mass with a normal pressing force N (coefficient of friction p) is :
UH AMTY 391 91 N & | 09 SF91 &1 U UG §RT a8 (9801 JONid ) W r B3 &1 ga
e § g¥7 91 gRT 98 R R T wrf § —
(A) 4nr2 uxk N (B) —2mr? ux N (C) 2nr kN (D*) zero I
Sol. Displacement of surface point (where force acts) = 0 hence W =0
Aag g &1 fIveus (W9 96 SR Hxal §) = 037 W =0
Section (C) : Work Energy Theorem &1, &ull JHI
C-1.  The kinetic energy of a body of mass 2 kg and momentum of 2 Ns is
2 kg S@EH g 2 Ns a7 &I G B! Tl Holl & —
(A" 1J (B) 2J (C)3J (D) 4 J
2
Sol. KE= ~— 1
2m
C-2. A particle of mass m at rest is acted upon by (only) force F for a time t. Its kinetic energy after an
interval tis :
m ST B U $HY fRM TR & 39 R t 999 & foly ®dd F 9 SR HRAT 2| t TR & 915
BT TS Solf ®
F2t? Ft? Ft? Ft
A B* C D) —
(A) — (BY) 5 (©) % - (D) o
2
Sol. a=_ | S=(£jt2 , Wr = FS = F(FtJ
m m 2m
C-3.# A particle is projected horizontally from a height h. Taking g to be constant every where, kinetic energy
E of the particle with respect to time t is correctly shown in (Neglect air resistance)
TS ®U h Has A afdcra: yafta e sar g1 e Faa &fas 91 o1 &1 & S 21 g B RS
wﬁwﬁuﬁéﬁngt$wﬁawﬁawﬁEwﬁaﬁﬁ%—
th
Sol. = — gt2 W=mgh=mg =—,W=K;—
2 242
mgzt =Ki— lmuz, Kt = lmu2+ mg" t
Hence 31 Ans. is (A)
C-4 If v, p and E denote the megnitude of velocity, momentum and kinetic energy of the particle, then :

IfE v, pd ETH &V & 9 & GRAT, FIT G TS SHoil dI JeRid &¥d & af —
(A*) p = dE/dv (B) p = dE/dt (C)p=dv/dt (D) None of these STH ¥ ®I3 &l
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Work, Power & Energy ﬂ—

Sol.

C-5.

Sol.

C-6.

Sol.

C-7.

Sol.

C-8.#

1 dE _

E=— mV? —=mV=p
2 dv

A body moving at 2 m/s can be stopped over a distance x. If its kinetic energy is doubled, how long will
it go before coming to rest, if the retarding force remains unchanged ?

2 m/s 9§ TR U o] x g H AP S Fhdl & | I sHD! S Foll YN PR & S A1 g faRm
# M | Ugd BN g T B, AR Agd 9o uRafia s © 2

(A) x (B*) 2x (C) 4x (D) 8x

-Fx=0- %m(2)2 and i1 —FS=O—2Bm(2)2}

So3m@m —=2, S =2x

A retarding force is applied to stop a train. The train stops after 80 m. If the speed is doubled, then the
distance travelled when same retarding force is applied is

TP ¢ b AbA & oIy b Had 9 T Sidl 2 | ¢ 80 Hl. T & 91§ ©d ol 2 | I3 a1l Bl
AT AR AT I @ 9 Hedh 9 T W BhA A UGB 97 gRT aF aF T & Enft —

(A) The same (B) Doubled (C) Halved (D) Four times
(A) JrafRafcid (B) 3T1 (C) arrelt (D*) =R
F 80 = 1 mV?2, FS = 1 m (2V)?
2 2
Sosm@: > =4, S =4 (80)
80

A particle moves in a straight line with retardation proportional to its displacement. Its loss of kinetic
energy for any displacement x is proportional to

TP HU Ub AXel NG H A PRA] & FOrdT Hed faRemgd & gErgund @ | fB @ fRemw x & o

D! TS SHoft H &I FAGURN B —
(A%) x2 (B) e (C) x (D) logex
27 2 7%
Vﬂ=—Kx, VoI | K
dx 2 |, 2 |,
V2 —u?=- Kx?
T et mves Iokoe Loss &I+ o x2
2 2 2

A block weighing 10 N travles down a smooth curved track AB joined to a rough horizontal surface
(figure). The rough surface has a friction coefficient of 0.20 with the block. If the block starts slipping on
the track from a point 1.0 m above the horizontal surface, the distance it will move on the rough surface
is :
Th 10 N 9R &1 el e g 9 AB &1 RaY &fds ads (frF 4) 9 ST § W g id $HRal 2 |
R g P 9NV oM e & A1 0.20 § | I [edl Afasl dag 9 1.0 9. 3918 4 9 R e
UR™ X Al I8 YR Ads R Bl g d& <ol ?
A
1;)[n

AL B Rough (¥r<ax)

(A*) 5.0 m (B) 10.0 m (C) 15.0 m (D) 20.0 m
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Work, Power & Energy ﬂ—

Sol.

C-9.

Sol.

C-10.#

Sol.

C-11

Sol.

Alter.

We+Ws =0-0
10x1+Wi=0
10—umgx=0
10 = (.2) (10) x, x=5m

A small mass slides down an inclined plane of inclination 6 with the horizontal. The co-efficient of
friction is u = po x where x is the distance through which the mass slides down and po is a constant.
Then the distance covered by the mass before it stops is:

TE BIC] Sd9H &fdS | 0 BT g9 Tl Addel W= A et 2 1 g9 [ONG p= pox ¥ el x 98 [

2 fora gera e et 2 U9 pwo e Fdie § e 9 U8l S gRT aF &) T8 g9 © ¢

(A itane (B) itane (©C) tan 0 (D) ltane
Ho Ho 2 py Ho

(mg sin 0) X — J'umg cos® dx =0
0

SiN B X = o COS O _[xdx
0

x2 2 tano
xtan® =po—, x=
2 Ho

A toy car of mass 5 kg starts from rest and moves up a ramp under the influence of force F (F is applied
in the direction of velocity) plotted against displacement x. The maximum height attained is given by
(g = 10 m/s?)

ol F (F I &1 fen § ARG 8) & uva § U& 5 fhn. o Raciil R faRmeRen 3 U6 ¥ ) gl &,

ol P faRIus x & A1 gRadd a6 # foEmn = 2| Ut & T AfedH Sars & (g = 10 m/s?) —

(A) ymax =20 m (B) ymax =15 m (C*) ymax =11 m (D) ymax=5m
v 2
A = area under the curve a% §RT fiRT &=%al = mjvj—zdx = m;/
0
100x11 _mv2
5 = ) = MQgYmax
SoYmax=11m

A body of 5 kg mass is raised vertically to a height of 10 m by a force of 120 N. Find the final velocity of
the body :
5Kg 509 @1 U a%g 120 N 9 §RT 10 Al Sa1% IF FeaieR I8 okl 8 | 9 &1 3ffad 971 =1

Ell
(A% 280 m/s (B) +/200 m/s (C) 20 m/s (D) None of these

120-50=5a = a=14m/s,
vZ=02+2(14) (10)

= V= Wm/s

by work energy theorem : FHRI—&oll THI §RI
Ws + WE = AK

—5x10x10+120 x 10 = (5) v2

= V= Wm/s.

/\
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Work, Power & Energy ﬂ—

C-12. The ratio of work done by the internal forces of a car in order to change its speed from 0 to V and from
V to 2V is (Assume that the car moves on a horizontal road) -
TH SR B A 07 VI VA 2V FIRA § SR & MRS qal gRT [HY Y S HT (U o -

(e R 6 aR &fds I W) T =) -

(A) 1 (B) 1/2 (C*)1/3 (D) 1/4
Sol. (C)

Work done in changing speed from 0 to V is

A 0 VHHA § B

Wi = lmV2
2

work done in changing the speed from V to 2V is

T VI 2V IR H B
1 1 1

Wo= — m(2V)2 — —mV2= —3mV2
2 2 2

W _1

W, 3

C-13. A body of mass 4 kg moves under the action of a force F = (4?+12t2])N, where t is the time in second.
The initial velocity of the particle is (2?+]+2R)ms‘1. If the force is applied for 1 s, work done is :
T 4 kg W A TF T@ F=(4i+12C])N B o MY FRA 2, Tl W J@vS K 21 B A

TR T (2?+]+2R)ms*1 21 I 91 1 s B forg oman man &, @ fhan T B R

(A) 4 J (B) 8 () 12J (D*) 16 J
Sol.  [Fdt=Ap

1
[ (4i +12h)dt = m(¥, -,

0

= 4i + —t3| j=4(v, -V,
= i+j=V,— (2 +]+2k)

= v, =3i+2j+2k
= |Vf|=\/9+4+4=\/1_7
[V|=v4+1+4 =3

AKE = %4(17—9) _2x8=16

Section (D) : Mechanical Energy conservation Jif3@ SHoff &I
D-1.  The negative of the work done by the conservative internal forces on a system equals the change in its

(A) total energy (B) kinetic energy (C*) potential energy (D) none of these
ﬁmww&ﬁsﬂﬁﬁmwzﬁmmnﬁmaﬂmﬁmﬁqﬁaﬁﬁzﬁwé—
(A) B ot (B) TIfrsT St (C*) Rerfast wait D) 379 ¥ P &I

Sol.  Follows from definition gfR¥mar &
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Work, Power & Energy ﬂ—

D-2.

Sol.

D-3.

Sol.

D-4.

Sol.

A body is dropped from a certain height. When it loses U amount of its energy it acquires a velocity ‘v'.
The mass of the body is :

e g fedll FRFd S8 4 AR Sl 21 919 98 599! ol & U 911 &9 dR <l 2 a1 v 39 9T
PR ol B | TR BT SIHAA B —

(A*) 2U/v2 (B) 2v/U? (C) 2v/U (D) U2/2v

Ui+O=Uf+%mV2

U — U= l mv2
2
1
U= —mv2
2
2U
=V_2

A stone is projected vertically up with a velocity u, reaches upto a maximum height h. When it is at a
height of 3h/4 from the ground, the ratio of KE and PE at that point is : (consider PE = 0 at the point of
projection) _ _

TUh TR U 9T H HW DI AR YEMNT fHar Siar 2 I8 Af¥ead h Sas T ugadl § | o9 I8 9 A
3h/4 %ot WR & A1 39 fdwg R KE @ PE &1 319U 8 : (Weraver fag wR PE = 0 91)

(A)1:1 (B)1:2 (C*)1:3 (D)3:1
% mu? = mgh, u® = 2gh ()
mg [%)+ K.E. =mgh
K.E. = mgh
4

KE.  mgh/4 1

PE. ~ 3mgh/4 3

Two springs A and B (ka = 2ks) are stretched by applying forces of equal magnitudes at the four ends. If
the energy stored in A is E, then in B is (assume equilibrium):

1 RET AT B (ka = 2kg) @ IRI RIRI TR FAM URATT & e IR SR @id od & | I A H GU2d
Sl E7 d@ BH dfya Sl (aramasen #) grf

(A) E/2 (B*) 2E (C)E (D) E/4

WF+Ws=0, Wr—AU=0, Wr=AU=E

1
E= % Ka xa2, Fxa= EKAXAQ

2F 2F 2E 2F® :
—=XA, — = |— , Ka = (I)
K, K, ~ \K, E

2 2 2
similarly 391 &R Kg = 2k , Ka = 2Kg 2F 2 2F
Eg E Eg
o Es = 2E
Alter :
F = Ka xa = Kexs
1 1
Ea = EKAXAz Es = > Kg xg2
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Work, Power & Energy ﬂ—

D-5.

Sol.

D-6.#

Sol.

D-7.#

Sol.

When a spring is stretched by 2 cm, it stores 100 J of energy. If it is stretched further by 2 cm, the
stored energy will be increased by

39 TP BT 2 cm W i Sl 8, I8 100 J Sl WUET Rl 2 | A $HDT 2 om ¥ 3R Wi 9y
FUfed $oil fbad | qeilt —

(A) 100 J (B) 200 J (C*) 3004 (D) 400 J

100 = %K(2cm)2 ,E= % K(4cm)?

SO 3d =4, E=400J

' 100
E - 100 = 300 J

A block of mass m is attached to two unstretched springs of spring constants k1 and k2 as shown in
figure. The block is displaced towards right through a distance x and is released. Find the speed of the
block as it passes through the mean position shown.

m ST BT T Jedl R e Kid Ko & & faar Ra= (a1) g8 Rl & o # el orgar gt
2| YCH TR AR x 5 9 fRenfia e vrs femn o &1 Yedr o9 Aieg RAfd | JoRar & @1 9
ATl FTd DI |

21,2 31,3
(A" ¢k1+k2 « B) KK, 3 ©) k21k2 _ X D) k;k2 :
m m(k, +k,) m(k$ +Kk3) m(k; +k3)
1 1

Ka x2 + lK1x2 = —mv?
2 2

Ve fK1+K2 «
m

A wedge of mass M fitted with a spring of stiffness ‘k’ is kept on a smooth horizontal surface. A rod of
mass m is kept on the wedge as shown in the figure. System is in equilibrium and at rest Assuming that
all surfaces are smooth, the potential energy stored in the spring is :

& foreil afas 98 IR 3@ M S@FH &1 U 9o K [ Fdie (Stiffness) @ 6 & Jo1 2| =3 A
R AR m S@AE B Bs 99 W W © | Few GwmeRen § g dor fRm d ff g 9 |aqsl @

e A 8¢ R | e Refd Sl @ ¢

no|

mg® tan® 0
2K 2K 2K K

Form, N cos 6 =mg

For M, N sin 6 = kx

(A)

so3fd: tan 6 = ﬁ
mg
2
(Yo} 3]?[;1 KX2 - m
2 2K
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Work, Power & Energy ﬂ—

D-8.

Sol.

D-9.

Sol.

D-10.

Sol.

A body of mass m dropped from a certain height strikes a light vertical fixed spring of stiffness k. The
height of its fall before touching the spring if the maximum compression of the spring is equal to ?’ng
is :

m ST B P I MREd Sak 9 RE IRl 8 don I8 REw fFais (Stiffness) K & T Sealer
Rord ged RUT 4 carmchl 2| R @1 81 9 Usdl 39 ARA @1 Hars a1 &8, afe R &1 rfdaaH

ﬁﬁ@ﬂm—gzﬁaﬂa‘\f%z

k
~ 3mg 2mg 3mg mg
AY) —= B) —= C) — D) —=
()2k ®) — ()4K ()4K
3mg 3mg2
h+—= )= K| —
mg (h+=—=) (Kj

A running man has half the kinetic energy of that of a boy of half of his mass. The man speeds up by
1 m/s so as to have same kinetic energy as that of the boy. The original speed of the man will be

TE Srsd g Afdd DI TS SHoll SUY Y T & dsd DI el Holl DI AT & | AT o= =1
1m/s ¥ 9T & O D! IS Soll dAed Bl IS HoIl & aR16R 81 Ol & | Afdd a1 Jel arel Brf—

® el Bt (e e e

1 2_1(1 5 .
E(Qm)u = 2(2mv ] ()]
1

(2m) (u + 1)2 =%mv2....(ii)

From (i) and (ii) (i) @ (i) & u= ﬁ

Two equal masses are attached to the two ends of a spring of spring constant k. The masses are pulled
out symmetrically to stretch the spring by a length x over its natural length. The work done by the spring
on each mass during the above streching is

&I Fradie k @ e R & SFl BR WR &1 9919 SFF 9S8 | Qi SREEl Pl FHHG WY I 39
UHR el Sl § diid [T B GG w9 H 901 WIhiad =g H X T ab [GiRd 8 oY | I
TerAE R R R fhan 1 e Eiem & SR ' —

L LI L o1 e
(A) 5 kx (B)~ - kx (C) 5 k (D*) — kx

W1 = work done by spring on first mass Ugel g W R gR1 fhan w1 &t
W2 = work done by spring on second mass T8 &M WR R gR1 fam =1 &ri
Wi =Wz =W (say)
Wi+ Wz= Ui—Us
2W =0 - 1 Kx?

2

_ Kx?
4

W:
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Work, Power & Energy ﬂ—

D-11.

Sol.

D-12.

Sol.

A rod of length 1m and mass 0.5 kg hinged at one end, is initially hanging vertical. The other end is now
raised slowly until it makes an angle 60 with the vertical. The required work is :(use g = 10 m/s?)

1m =18 g 0.5 fHu oM @ ta B8 &6 RR W ddfdbd & S 8, IR § SHEieR ded @l 2 |
A fA1 8R ¥ FW IBT G B O9 dP B I8 SHlER ¥ 60° FT IV 4 I AN IMAWH PR ©
(g =10 m/s?)

5 5 17 53
A) 2J B*) = J Cc) —J D) X7
(A) 5 ( )4 (C) (D) 4
Wa+Wc=AK=O, Wa—mg(

_ mgl _ LRI
Wa= =5 =(05) (10) [4j_4J.

A block of mass 250 g is kept (does not sticks to spring) on a vertical spring of spring constant 100 N/m
fixed from below (block is in equilibrium). The spring is now compressed to have a length 10 cm shorter
than its natural length and the system is released from this position. How high does the block rise from
this position? Take g = 10 m/s2.

TH 250 UM SFAN Bl ehl Uh HeaieR KU TR ArRERel § @l 8 (I8 KU 9§ e g T8l ©)
et Rt e 100 N/m g Ta REFT el RR 9 Sieadq & | 9 39! 9Riifed &) IR g9a] o g
Rafa® e 9 10 FH. BIC 8 9 @ U9 e 39 R & BIeT o 81 1 JeaT $9 SRR 9
fora S Sadi & | (@ & g = 10 Hi/42)

(A*) 20 cm (B) 30 cm (C) 40 cm (D) 50 cm

2
1(1 00)(&) =[@j(1 0)[1} ,H=20cm.
2 100 1000 100

Section (E) : Power 31fexi

E-1.

Sol.

E-2.

Sol.

E-3.

Sol.

A car of mass ‘m’ is driven with a constant acceleration ‘a’ along a straight level road against a constant
external resistive force ‘R’. When the velocity of the car is ‘V’, the rate at which the engine of the car is
doing work will be

m SHM B Th SR TP AY Ol H Fsd d AJfad TP Id 989 IRdl 9 R & fawg a @@= 4
FATE SN & | O R HT 991 V2 a1 98 &% 391 8RN 07 TR SR &1 §o19 DRI dx I8 & —

(A) RV (B) maV (C*) (R + ma)V (D) (ma - R)V
F-R=ma,F=R+ma,

P=Fv=(R+ma)v

The average power required to lift a 100 kg mass through a height of 50 metres in approximately 50
seconds would be

100 Kg S&H™ &I 50 HIcX $d18 dd 9T 50 9HvS H SoM & forv amaeds fa oifad arft —

(A) 50 J/s (B) 5000 J/s (C) 100 J/s (D*) 980 J/s

Average power 3i1d wIfad = w =980 J/s

A block of mass m is moving with a constant acceleration 'a’ on a rough horizontal plane. If the
coefficient of friction between the block and plane is u.The power delivered by the external agent at a
time t from the beginning is equal to :

T m P TP TPl YRaX Afasl dd W g @R a 9 9 81 2| AR [ed Td ad " gy
T w2 | UR™ ¥t §HY 918 9189 HRE g1 &I T8 W aRIeR & —

(A) ma?t (B) umgat (C) pm(a + pg) gt (D*) m(a + ug) at

V=0 +at, F-umg=ma, F=pumg+ ma,

P = (umg + ma) at

/\
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Work, Power & Energy ﬂ—

E-4.

Sol.

E-5.

Sol.

E-6.#

Sol.

E-7.

A particle moves with a velocity v = 5i - 3] + 6k ) m/s under the influence of a constant force
F = (101 +10] + 20k )N. The instantaneous power applied to the particle is :

Th B AT V = (51 —3] + 6Kk) WA W TP g g1 F = (100 + 10] + 20k )N & wwrg # 71 ey
21 HU R IRINT arerfdrs ufad g —

(A) 200 J/s (B) 40 J/s (C*) 140 J/s (D) 170 J/s
P=Fv=50-30+120=140J/s

A man M1 of mass 80 kg runs up a staircase in 15 s. Another man M2 also of mass 80 kg runs up the
stair case in 20 s. The ratio of the power developed by them (P1/ P2) will be :
80 fHuT. S&WH &1 Udh Afdd My U Wl TR 15 9Hv€ § Fedl 8 | SO Jfdd Mz 98 it 80 . &

I Al IR 20 AHUS H FSAl B | IAD §RI W9 Bl g Al b1 3qurd (P1/ P2) 81 —

(A) 1 (B*) 4/3 (C) 16/9 (D) None of the above 379 & &I &l
P+ =80 gh/15, P2 = 80 gh/20

P,_20 4

P, 15 3

Power versus time graph for a given force is given below. Work done by the force upto time
t(< to).
& I ™ 9 & forg afed—aaa a9 & /™1 3| 999 t (S to) 9@ 9 R fhan mar el —

l
I
I
n t

U —

— t 0
(A) First decreases then increases (B) First increases then decreases
(C*) Always increases (D) Always decreases
(A) Ugal gedl & R dedr & | (B) Ugal dea1 © fR wedr g |
(C*) ad e B | (D) §39 wedl g |

The work done by force from time t = 0 to t = t sec. is given by shaded area in graph below.
Hence as t increases, this area increases.
TAIERI THI t=09 t =t sec. TP HAT T R U & - BRAIfDT &% gRI AT ST 8 |
I S—oi t gdl & d I8 &b W el ® |

P

Work done by force keeps on increasing.

94 g1 fhan ®f weq dodl B |

An engine pumps up 1000 kg of coal from a mine 100 m deep in 50 sec. The pump is running with
diesel and efficiency of diesel engine is 25%. Then its power consumption will be (g = 10m/sec?):
g g9 1000 fHur. el &1 100 #. &8 WeM ¥ 50 A%hvs § Wiadl ¥ | I8 g9 SIod dferd & dn

SIS 919 DY T&AT 25% & , A 399 g wfad g8 —
(A) 10 KW (B*) 80 kW (C) 20 kKW (D) 24 kKW
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Work, Power & Energy ﬂ—
d
Sol. P=— (mgh
gt (Mah)
1000x10x100
Pact = —
50
Pact =20000 W
2000

Pconsumption = E W =80 kW.

Section (F) : Conservative & nonconservative forces and equilibrium

F-1.

Sol.

F-2.#

Sol.

JREN UG SRAREN g1 T ARl

The potential energy of a particle in a field is U =%—9 , Where a and b are constant. The value of r
< r

in terms of a and b where force on the patrticle is zero will be :
WﬁaﬁwwaﬁﬁmﬁawﬁU=%—$ g, el ad b adie 81 ad b gal H r & A, &
P R I I ©, B —

a b o 24 2b
(A) o B) - (C") — (D) —

a b a

du =0, —2—f+% =0,r= 22
dr r

Potential energy v/s displacement curve for one dimensional conservative field is shown. Force at A, B

and C is respectively.
r
N\
\/ ’

B
U fodig axell &5 & fou Refast Soil g favemus 9 <9 T 21 A9 BWR dd & $HA: —

N
\/x

B

u

(A) Zero, Positive, Positive (B*) Positive, Zero, Negative
(C) Negative, Zero, Positive (D) Negative, Zero, Negative
(A) (B*
( (

) gHTCHS, FEUTHD
D) FUcH®, FUMTHS

du du

—| =-ve, —| =+ve

dX x=A X x=B

So, Fa = positive &FTH® |, Fs = negative vITcH®
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Work, Power & Energy ﬂ—

F-3.#

Sol.

F-4.

Sol.

F-5.

Sol.

F-6.

For the path PQR in a conservative force field (fig.), the amount of work done in carrying a body from P
to Q & from Qto R are 5 J & 2 J respectively . The work done in carrying the body from P to R will be -
e 9o &5 ¥ yeRiq g PQR & folt to 9% & RETAR PY QT®H a1 Q¥ Rd&d o oF ¥ 5

T BRI B AT 5JTNM2J T A I B PH RIS of o1 A fHI T S $1 A1 87 -
P

.

(A%) 7 J (B)3J (©) V214 (D) zero I
We = W + Wc=5+2=7
P>R P->Q Q-R

The potential energy for a force field F is given by U(x, y) = sin (x + y). The force acting on the particle

of mass m at (0%} is

F oo &3 @ forg Rafde Soif Ux, y) =sin (x +y) @ & S B | m S99 & &0 IR g (0,%)11?
IRIUT a1 BN —

. 1

(A%) 1 (B) V2 () % (D) 0
ou

— =co0s (X +Y),

OX

ouJ
—=cC0S (X +Y)
oy

F==cos(x+y) i—cos (X +Y)
T, * s ~
=—cos(0+ —)i —cos (0 +—
©+7) 0+5) ]
|F|=1

A particle is taken from point A to point B under the influence of a force. Now it is taken back from B to
A and it is observed that the work done in taking the particle from A to B is not equal to the work done in
taking it from B to A. If Wnc and Wc is the work done by non-conservative forces and conservative forces
present in the system respectively, AU is the change in potential energy, Ak is the change in kinetic
energy, then choose the incorrect option.

U B Bl bl 91 § f[d5 A ¥ 5 B T@ o ST Sl & | deaare s9®! 4= fdg5 B A dd o

ST & 9 I Waa fhar S @ 5 e B AMNBAd of o9 H fhar T f BA ATH of O H
P T B & RIER & 7| AR Whe T2 We 91 & SuRerd araxell don wxell I« g1 fdban
T HR B, AU RS St # aRadd, Ak TS Sott § aRRkadd 81 a1 Tod f[aded g |

(A) Wre — AU = Ak (B) We = — AU (C) Wro + Wo = Ak (D*) Wne — AU = —Ak

From work energy theorem &1} 31t U9 9

Wec + Wnc = AK, We = — AU, Wnc — AU = AK

The potential energy of a system of two particles is given by U(x) = a/x? — b/x. Find the minimum
potential energy of the system, where x is the distance of separation and a, b are positive constants.

P B e 1 RAfs Soit U(x) = a/x2 — b/x §RT & oIl 8 | e &1 gaaa Rerfast sait a1d
DI, &l x I A a &I A B, ad b gHAS i 2 |

() -2 B) () 22 (0)-22
a
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4a b b
® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) - 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow [ e o500 558 5555 | CIN : UB0302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Work, Power & Energy ﬂ—

Sol.

F-7.

Sol.

F-8.#

Sol.

U(x) = a/x2 — b/x ,a>0,b>0
-2a b 2a
dU/dX= X3 +7=O :>F=X
4 3
deUidxe =98 20 _Baxbl 20xbT
X X 16a 8a

Uis min.at x =%‘ & min. value of U is

U fo=1am 2 x=2|?a R R U &1 =1a9 99 2

2 2
Umin.=ab—@= b

43> 2a 4a

Which of the following graphs is correct for kinetic energy (E) and potential energy (U) (with height (h)
measured from the ground) for a particle thrown vertically upward from a horizontal ground (h << Re
andU=0ath=0)

> U > E > U > E
> <y > =
(A%) 2 (B) & (C) 2 (D) &
L E L U L E I U
Height Height Height Height

Wwﬁﬁéﬁawﬁﬁwwaﬁsﬁ?qﬁﬁaﬁmw%ﬁsmhwﬁaﬁmmﬁ(U)
qer Tfast St (E %Fﬁ?‘lﬁﬂ?ﬁ"ﬁﬁ(’ h<<Re3R h=0®w U=0)

Ein:% EaTé TS
K.E. + P.E. = positive constant C &=TcA® {adid
E+U=C,E+mgh=C,E=-—mgh+C
and dem U = mgh,
So, answer 31d: SR (A) B |

The force acting on a body moving along x-axis varies with the position of the particle as shown in the
figure.

x-318 & gfawr feid a¥g W ARG 9 de1 91 3 Rafd & #e7 o yeRia 8 @

F
7 CoX
The body is in stable equilibrium at
(A) x = x1 (B*) x = x2 (C) both x1 and x2 (D) neither x1 nor x2
g e Refd W vl |wamawen 9 srfl —
(A) X = X1 (B*) x = X2 (C)SMIx1 3R xe®  (D)A @Wx1F B x2 W

At x = Xz, as x increases, F acts along negative x-direction.

X = X2 W, JIA—I x 9&dT 8, F KUMHS x-31&1 & Ifae HRf el 2|
So, answer 31d: 3R (C) B |
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Work,

Power & Energy ﬂ—

F-9.# The potential energy of a system is represented in the first figure, the force acting on the system will be
represented by
o & e e @ Rafde o den g8 & 7= 9% 7eRid & a1 Fer R oRIfg 7a =1 4 9 5w
b T TeRid g —

U(x)
3 X
F(x)
F(x) F(x) F(x)

a a > X a:l X
(A) g >X (B) (C") (D) a X
du " .

Sol. ax positive constant €T {aIde
X
For x < a, F = negative constant and forx >a, F =0
x<a® fog, F = %o Faaie o x>a @ folg, F =0
S0, ans. 3 Swik (C) B |
PART - lll : MATCH THE COLUMN

T - Il : DI DI FATId BT (MATCH THE COLUMN )

1.# A block A of mass m kg lies on block B of mass m kg. B in turn lies on smooth horizontal plane. The
coefficient of friction between A and B is p. Both the blocks are initially at rest. A horizontal force F is
applied to lower block B at t = 0 such that there is relative motion between A and B. In the duration from
t = 0 second till the lower block B undergoes a displacement of magnitude L, match the statements in
column-I with results in column-II.

m kg SAN &1 &Aid A, ST mkg @ did B R @1 8 | <did B e &fast ddg o= @m 21 A qr
B o &g BN UM p e | IHI «ild IR H fORM WR & | el <ife BWR t=0 W & 9 F 39 U6R
T S & fb A den B & I/ Pl |uiee T 2| t=0 ¥, MEe <ife B fawemus &1 gRkAmr L gF
T AR 4, ™ -1 ¥ A T Ui B wE-11H 3 T aRemdi § gaford St |
A
B l;F
Column-I Column-II
(A) Work done by friction force on block A is (p) positive
(B) Work done by friction force on block B is (q) negative
(C) Work done by friction on block A plus (r) less than u mgL in magnitude
work done by friction on block B is
(D) Work done by force F on block B is (s) equal to u mgL in magnitude
-1 -1
(A) =it A TR ¥ 9o gRT fhar /@ wrd (p) ITHS % |
(B) =if B R T4l 9e1 gRT fdhar mar &t (q) TS B |
(C) =i A WR T¥v gRT fhan T &1t + () aRATT H pmgL & &4 2|
i B R a¥vl gRT fdan a1 o
(D) 91 F gRT &difd B R fdhan mn &t (s) aR¥ToT # umglL & SRTER B |
Ans. (A)p,r (B)a,s (C)ag,r (D)p
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Work, Power & Energy ﬂ—

Sol.

2.#

Ans.

The displacement of A shall be less than displacement L of block B.

Hence work done by friction on block A is positive and its magnitude is less than umgL.

And the work done by friction on block B is negative and its magnitude is equal to umgL.

Therefore workdone by friction on block A plus on block B is negative its magnitude is less than umgL.
Work done by F is positive. Since F> umg, magnitude of work done by F shall be more than pumgL.

A &1 fIeoe <ifes B & fawmod L9 & 8| &l A )R 999 gRT fhal T SR gHAd & 3R 3A®!
gRATT umgL | &H & | <ifd B W 80 gRT fhar T &1 komeie 8 3R g9t uRHT umgl & SRTeR
2| gaferd (e A + =i B) TR gYY gRT {51 T &1 FOTAS & | $96T URAT pmgl | &F B |

F R fhan &1 o91I® 8| 9f$ F > umg , F g1 {1 a1 &rd &1 aRAmen pmgl 9 &1f¥f& 8Rm

A block of mass m lies on wedge of mass M. The wedge in turn lies on smooth horizontal surface.
Friction is absent everywhere. The wedge block system is released from rest. All situation given in
column-I are to be estimated in duration the block undergoes a vertical displacement 'h' starting from
rest (assume the block to be still on the wedge). Match the statement in column-I with the results in
column-IL. (g is acceleration due to gravity)

U e fOTadl SR m 8, Udh d9f forddT oA« M 8 R @1 B | I Ua fads &fds dJag W <@
2| T &R e JJURT 2| dui—<dib B B fORM W Geh fbA1 S 2| dfeH-1 H Q1 T3 w4
Rerferlt <dfe (S {6 favm Reafd & oR™ 21l &) @ SwieR faRemus h & SR Uféa &1 1§ & (I8 "1t
& <ife @ Ml 99 W B TA 8) Diew-1 7 QU U FAl B S0 A RO & A1 =9-11 § gAfera
BRY| (g THI & BRI TRI)

m
Column I Column II
(A) Work done by normal reaction acting (p) positive
on the block is
(B) Work done by normal reaction (exerted (q) negative
by block) acting on wedge is
(C) The sum of work done by normal reaction (r) zero
on block and work done by normal
reaction (exerted by block) on wedge is
(D) Net work done by all forces on block is (s) less than mgh in magnitude
RS AN | ¥ 11
(A) =P TR A a1 gRI fdhar 1 an (VERISED
B B
(B) 31fWere 9 (i §RT SIRIUM) ERI (q) FUITHS
51 W fHar st
(C) 31fierd 91 (il §RT IIRIFUG) §RT <dAfd () T

R fHY Brd JoOl 991 W Wl 9o (<iid R
R gRT fhd At &1 ArT 8em

(D) =i W IIRIT T gt g1 (s) TR¥OT § mgh & &H 8RN
T gRemd B R |

(A)g,s(B)p,s (C)r,s (D)p, s

/\

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) - 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 30
Educating for better tomorrow [ e o500 558 5555 | CIN : UB0302RJ2007PLC024029 ADVWP -



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Work, Power & Energy ﬂ—
Sol. (A) The FBD of block is

Angle between velocity of block and normal

reaction on block is obtuse

.. work by normal reaction on block is negative.

N

mg
As the block fall by vertical distance h,
from work energy Theorem
Work done by mg + work done by N = KE of block
.. |work done by N| = mgh — 1/2 mv?
> 1/2 mv? < mgh
.. |work done by N| < mgh
(B) Work done by normal reaction on wedge is positive
Since loss in PE of block = K.E. of wedge + K.E. of block
Work done by normal reaction on wedge = KE of wedge.
.. Work done by N < mgh.
(C) Net work done by normal reaction on block and wedge is zero.
(D) Net work done by all forces on block is positive, because its kinetic energy has increased.
Also KE of block < mgh
.. Net work done on block = final KE of block < mgh.
Sol. (A) <li® @1 FBD
<A & I AT Al UR e g

P Heg BT AP BT BT |

N

mg
<. 3 P R AWM g gRT fHa1 S0 Foneid g |
FIfP i HeAieR g1 h FRAT 8 31 BRI Holl yHI |
mg §RT f&a1 & + N gRT fhan a1t = =difes @ 1fast Sott

|N§1?T%milo‘r€f|=mgh—% mv?2

1
-* — mv2 < mgh
p MV <mg

- IN gR1 f&an &1 | < mgh

(B) 31l 9t §RT 91 UR fhal &1 gD ©

4fe <dife B Rufost o § g1 = a9 &1 AT Solf + =it B 7Tt Sott

IR AN 9o gRT 991 WR fhan &Rl = 991 B IRt it

- NgrR1 f&an &rf < mgh.

(C) 3o 9e1 §RT it @ a1 WR fohan aRomdt &t =1 7|

(D) &+t 9l gRT U1 WR e 71 SR ARG ® difs sH@) TR SHoff 9 ga B |
TqAT =ATH Y Tferst IHoll < mgh

. &ifd IR IR BRI = <dfd B S1faH TIfast it < mgh.
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Work, Power & Energy ﬂ—

Bl Exercise-2 |

. Marked Questions can be used as Revision Questions.

= Fifed e Seem arFg ueE 2

PART -1 : ONLY ONE OPTION CORRECT TYPE

AAT- : BT U 98! fdhed YBHR (ONLY ONE OPTION CORRECT TYPE)

Section (A) : Work done by constant force g sa g1 favan Tar s

1.#

Sol.

2.3

Sol.

As shown in figure a body of mass 1 kg is shifted from A to D slowly on inclined planes by applying a
force parallel to incline plane, such that the block is always in contact with the plane surfaces.
Neglecting the jerk experienced at points C and B, total work done by the force is :

FRATTAR U 1kg S99F @1 U fUvs 9 0 IR fdg5 A9 Ddd , U 9 ®l add ® FAR TR—4R
IRINT B 39 YbR fazenfid e omar & & <dfe 99 9add 9d8 @ 999 d <8dl 81 C 1 B W

HEQW B dTel e SIcd Pl UG A gY, I R (AT AT ol B BT —

D
3m
1,=0.4
cf—
3m
n,=0.2
B
AR 2m > 2m dim
m
(A*) 90 J (B) 56 J (C)180J (D)0OJ

Work done : &1 :
= Mgh1 + Mghz + Mghs + 1 Mg/1 + p2 Mg/2 + psMg/s

= Mg (h1 + h2 + h3) + Mg (141 + p2lz + pala)
=Mg (8 +0.2 + 0.4 + 0.4) =90J

A small block of mass m is kept on a rough inclined surface of inclination 6 fixed in a elevator. The
elevator goes down with a uniform velocity v and the block does not slide on the wedge. The work done
by the force of friction on the block with respect to ground in time t will be:

T fode 3§ Red Fade RTdsT gha 6 8 &1 FIEX ¥ IR m SFH9H b1 <diid @ & | foade fraa a1 v

J T P AR A BRA B TAT AP (A UR) A Pl AR TS hFar & df t 95T H a9 9o gRI
<A WR fHa1 T FR SHE & |ruE B8R —

(A) zero T (B) —mgvt cos20 (C*) —=mgvt sin?0 (D) mgvt sin20

f = frictional force ¥ §& = mg sin 0

Displacement of point of application in t second = vt ({)

t dpve | fohan fag &1 fawemos = vt ()

Wit = [(mg sin 6) sin (180—0)] (vt) = —mgvt sin%0
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® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) - 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow [ e o500 558 5555 | CIN : UB0302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Work, Power & Energy ﬂ—

Section (B) : Work done by A variable force uRad=efial sa1 g1 fban 1 &k

3.

Sol.

4.5

Sol.

A force ﬁ:(Stf + 5]) N acts on a body due to which its position varies as s =(2t2f - 5]) Work done
by this force in first two seconds is:

Th IR W Tl |3=(3tf+5])NFﬂT &l ® e sro sadl Refa §=(2t27—5]> @ e IS & 39
I §RT URMS 25 9 o 1 &R g —

(A)23J (B*) 32 J (C) zero T (D) can't be obtained SITd &
PR ADA
2
—— . . . 2 , 12[t3}0
W=IF.ds = (@t +5]) . atati) = !m dt= —5—0 =324

A block attached to a spring, pulled by a constant horizontal force, is kept on a smooth surface as
shown in the figure. Initially, the spring is in the natural state. Then the maximum positive work that the
applied force F can do is : [Given that spring does not break]

fRrargar fre &fds |dae R Y@ <ile B A G181 39 <iid $I F17d afds ga gr1 = S 2 |
fe R IR | 9@ 9 R § 8 @1 oRifda a1 F g1 fhan /& sifdedq gvieie & ® : [fean
2 : R gedh T8 2]

F? o 2F° F?
e N (C) (2

(B) Applying work energy theorem on block

(A)

u=0 v=0
WE+Ws=0
2
Ff—%kﬁ:O f=2k—F ordT  work done W:W:Fé:%

SECTION (C) : WORK ENERGY THEOREM &1 &uil ¥

5.

A block of mass m is placed inside a smooth hollow cylinder of radius R whose axis is kept horizontally.
Initially system was at rest. Now cylinder is given constant acceleration 2 g in the horizontal direction by
external agent. The maximum angular displacement of the block with the vertical is:

& foe @igel 99 # m A &1 &did @1 B, Jo1 a1 oar R &R sH@ e afow 2| e arm
H foRmrEeRen ¥ 8| qrEddl R dod B &fas fewn § 2 g i @Ro aRifYa fean Siren B, <dite @

SR | AfHdd BNy fAavemu= grm —

2g

(A%) 2tan-12 (B) tan-12 (C) tan*1 (D) tan™" (%}
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Work, Power & Energy ﬂ—

Sol.

6.#

Sol.

7=

Sol.

P = pseudo force ©gH ¢ = m2g («)

Wp + WG + WN = AK

(m2g) (Rsin®)—(mg) (R-—RcosB)+0=0
2sin=1-cos B

tan (gj =2, 0=2tan2

A small particle slides along a track with elevated ends and a flat central part, as shown in figure. The
flat part has a length 3m. the curved portions of the track are frictionless, but for the flat part the
coefficient of kinetic friction is u = 0.2. The particle is released at point A, which is at a height h =1.5m
above the flat part of the track. The position where the particle finally come to rest is:

T HU faU T Uy R fhed @ B, fF A 39 9 @SS gU W 91 |Fad died 9IRS T B
JATA AT P FTg 3 W 8| IS gY I AN G MG B | FHAA W BT IRIb TYOT OND = 0.2 2 |
FHUT B RO H h = 1.5 Sz ® R I A9 gaa b Siran & @1 &9 sl w® favm Reafa #
IR

A

N

— 3.0m —»

(A) left to mid point of the flat part (B) right to the mid point of the flat part
(C*) Mid point of the flat part (D) None of these

(A) GFad 9T & W fdg & 9l 3IR (B) @Fad WM & Wy fdg & ST &R
(C*) T9dd 91 & 787 fog W) (D) SWIFd H 9§ I3 el

Wa — Wi = 0, mgh = pmg?
h=pt
h=(02)/= /(= 13

0.2

(=75m=(3+3+1.5m

A car of mass m starts moving so that its velocity varies according to the law v = B\/§, where B is a

constant, and s is the distance covered. The total work performed by all the forces which are acting on
the car during the first t seconds after the beginning of motion is

T m GIHM B BR IRMERT ¥ T IR BR) & GAT SHBT 9 v = Bfs, T B AR gRafid
B 8 T8l B UP (A & a1 s 99 B T3 g & | a%g P G IR DA D UUH t HI d1€ ag W
IRIT |l 9ai g1 foam =1 &Rl & —

(A*) mp*t2/8 (B) mp2t4/8 (C) mB*t¥/4 (D) mp2t4/4
v=ps
ds tds h
E=B«/§,£ﬁ=3£dt
2.s = pt
Js = Bt/2 (1)

W = workdone by all the forces = AK
W = 9t 9ali g1 fhar a1 & = AK

1 1 p? t2
=—m2=— mp3s=—mp2|——
2 M =g MPR 3 B(4J
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Work, Power & Energy ﬂ—

8.

Sol.

O.#

Sol.

10.

The graph between JE and 1 is (E = kinetic energy and p = momentum)

p
\/_FT?JT & A I & — (E = TSl SHofl a1 p = |a)
JE
(D)
1/p
_ P L
E= -, (\E) P _\/Z_m_constantﬁ?:lﬁ

Rectangular hyperbola ISR 3ffduracty (C)

A 10 kg small block is pulled in the vertical plane along a frictionless surface in the form of an arc of a
circle of radius 10 m. The applied force is of 200 N as shown in the figure. If the block started from rest
at A, the speed at B would be: (g = 10 m/s?)

10 kg S2HM $ @il P HHEER Tl § 10 m BT & gaidR =Y B GuvRfEd dde & agfaw REgar
i o &1 o | NI 91 200 N B | Ife i A fag 9 Rermazen & R 81 81 a1 B fig w®
a1t B8R (g = 10 m/s?)

=,
e

o
§60° ™

A) 3 mis (B*) 10+/3 m/s (C) 100+/3 m/s (D) None of these 37 I &I
GEl

System is block & string. Applying work energy theorem on system

<fe g1 XA e 8, e ) s Sut uHy gR

(200)10 — 10g(R — R cos60?) =1/2 (10)v2

oo
.

2(200 — 10 x 5) = v2

v =+/300 =10+/3 m/s

The spring block system lies on a smooth horizontal surface. The free end of the spring is being pulled
towards right with constant speed vo = 2m/s. At t = 0 sec, the spring of constant k = 100 N/cm is
unstretched and the block has a speed 1 m/s to left. The maximum extension of the spring is

e T et Far e R & 9ds R 3@ 8 | R &1 gaa (-1 /™l oiR F9d =1d vo = 2m/s
| diar S 21t =0 sec, R YW F1ai@ k = 100 N/em &1 Ry fa=n Ra=h & vd qes @ ara 1 m/s
At &R 2 | R @1 fdwma iR g |

1m/s
D k=100N/cm
4kg TETEERI— Vo=2m/s
T T T T T T T oo
(A) 2.cm (B) 4 cm (C*)6cm (D) 8 cm
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Work, Power & Energy ﬂ—

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

& & gad RR & T 3§ (gl & ANe Tedid), IS &l URMS 91 3 m/s il 3R & 9 Ry fa=n
G 7 |

3m</s_ 4kg +—EEEEETF initial state
[T T TT //////////////////1:////////////////////

| maximum
! tension
— S8 B860880806Y ex
4kg 1 state
T T T I
|<—>A | 1
[}

3m/s_ 4kg —qmmmm i | fEHHd v oLFk
T T //////////////////Z///////////////////

i villdre
4gr—TEBEBB88Y  folrk volPk

T T OTTT //////////////////:///////////////////

A 1

Applying conservation of energy between initial and maximum extension state.

URMATE T AHTH AR BT A=A | Frofl FR&I B TR

lmv2=l kA2 or A= \/Ev= L><3 = 6cm.
2 2 k \}10000

Section (D) : Potential energy and mechanical energy conservation
Reftrer sait 1a gife Sert axev

11. The potential energy of a particle of mass m free to move along x-axis is given by U=%kx2

forx <0 and U = 0 for x > 0 (x denotes the x-coordinate of the particle and k is a positive constant). If

the total mechanical energy of the particle is E, then its speed at x = — /% is
Wﬁfzﬁm?ﬂﬁamwzﬁwaﬁx-aazﬁaaﬁﬂx<o$mﬁmﬁmwﬁU=%kx2%asq1
x>0% fag U=03%| (S& x, U &I x-Fded 2 o k gicqd Fadis &) afs &1 &1 ol Aifd ol
Eg @ x=— %WMWWI

2E E E
A*) zero B) [— C) ,|— D) ,[—
(A%) NS (B) «f o (C) - (D) om
Sol.  (A) From conservation of energyS:oil HReT0 &
KE.+P.E.=E ordl KE.=E —% kx?2
KEE. atx=- 2 is
k
-1 k(%) o
2 k
. 2E .
The speed of particle at x = — f? is zero.
2E
X =— ?WEFUTH%WQE‘I§I
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Work, Power & Energy ﬂ—

Section (E) : Power  JIfoRd
12. Force acting on a particle moving in a straight line varies with the velocity v of the particle as

F= 5 where K is a constant. The work done by this force in time tis
v

UH e ¥@l H Ifaefidl U $o1 0= HrRiRG 9 I v D A1 F =

%,eﬁmqﬁaﬁamgaﬁxw

fradie 2 | 999 t ¥ 39 99 g1 {5 T o R -

(A) £2 t (B) 2Kt (C*) Kt (D) 2
v v

Sol. It can be observed that power delivered to particle by force F is -
P=Fv=K.
The power is constant. Hence work done by force in time tis -
AW = Pt = Kt
Sol. ¥g Ufera & <1 o & f% 91 F g1 &0 &1 &) T8 wfed © -
P=Fv=K
vIfed g B 1 o 99 tH 9o g1 e R B g -

AW = Pt = Kt

Section (F) : conservative & nonconservative forces and Equilibrium
el U9 Iravell 91 a1 Hrmaee

13.= A forcelE:—K(yf+x ]) where K is a positive constant, acts on a particle moving in the x-y plane.
Starting from the origin, the particle is taken along the positive x-axis to the point (a,0) and then parallel
to the y-axis to the point (a,a). The total work done by the force F on the particle is
T HU Gl X-y I H T BY W@ ® 99 W g F=-K(yi+x j) B Rl & FE K g Fradie 2|
e g A IR BRd g Y DI U X & DI GcAD (a2 H 45 (@, 0) TF TAT R y 3feT & FHIR
fg (a,a) T o ST ST 8 A1 9o F N1 fohan 11 gt & 8 —

(A) —2Ka? (B) 2Ka? (C*) —Ka? (D) Ka?
Sol. (C)
dW  =F.dS where el dS_ dxi,qyj
and 3R F=—K(yi +x})

dW =— K (ydx + xdy)= - K d (xy)
(a a) (a ) (a,a)
W = dwWw =-K d =—K
.[(0, 0) I(o, 0) (xy) [xy] (0, 0)
W =-Ka?
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Work, Power & Energy ﬂ—

14._

Sol.

In the figure shown below masses of blocks A and B are 3 kg and 6 kg respectively. The force
constants of springs S1 and Sz are 160 N/m and 40 N/m respectively. Length of the light string
connecting the blocks is 8 m. The system is released from rest with the springs at their natural lengths.
The maximum elongation of spring S1 will be :

W iy T form A <dfel AdAT B & goAE AN 3 kg A1 6 kg ¥ RO Sy dan S; @ 9ot fais

AT 160 N/m T2 40 N/m & | 8ol TR 9 I e o T8 8 m B | Fam &1 379 uefde dw=sal
wR R & T favm @ BT o 7, R Sy @t aifdeas gfg erft —

B
A
Sz
S
(A*) 0.294 m (B) 0.490 m (C) 0.588 m (D) 0.882 m

63(x) -390 = 5

69 = (k1 + ko)x

_6x9.8 3x9.8
200 100

u?=0.294m

PART - Il : NUMERICAL VALUE

1T - |l : &g 91 (NUMERICAL VALUE)

SECTION (A) : WORK DONE BY CONSTANT FORCE A a1 gRT b a1 &t

1.#

A small block of mass 20 kg rests on a bigger block of mass 30 kg, which lies on a smooth horizontal
plane. Initially the whole system is at rest. The coefficient of friction between the blocks is 0.5.
A horizontal force F = 50 N is applied on the lower block. Find the work done (in J) by frictional force on
upper block in t = 2sec.

20 kg S &1 BITT e 30 kg SFAM @ 93 Jcd U @ 8 a1 I8 (S (e 8 ad ) @ © |

TR H Tl e fRm # 2| Jedl & A uyu und 0.5 3| N9 a9l @l R e A 99
F=50N & 9 3RIUG &R & Al t = 2sec. § W dTd i W TYY 9o R a1 T w1 (S )

ST BRI
M =0.5—[ 20kg |
F = 50N

/\
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Work, Power & Energy ﬂ—

Ans.
Sol.

40.00
(a) Assume 20 kg and 30 kg block to move together
a= 0 =1 m/s?
50
20 kg -
f (force of friction)
f
30 kg F = 50N
frictional force on 20 kg block is
f=20x1=20N
The maximum value of frictional force is fmax = % x 200 =100 N

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

S=lx1 x 4 =2m.
2

Work done by frictional force on upper block is
Wii= 20x2=40J Ans.
Work done by frictional force on lower block is = — 20 x 2 = — 40 J Ans.
(a) AT 20 kg @21 30 kg <l AIT—WTT A BN
50

a= — =1m/s?
50

f(‘aﬁw )

20 kg & @i TR TN go
f=20x1=20N

uYUl g1 BT SfSpdd AF = fmax=%x200=100N

I 1 B HeF |roer afa B BN
o g9 9 BT HE f=20 N ®
t=2sec.H T3 &I T5

S=l x 1 x4 =2m.
2

FHIR I <ifd IR G99 9o gIRT fhan ™1 &ard
Wii= 20x2=40J
D 9Tl s R TN g7 fohar T e = —20 x 2 = — 40 J.

SECTION (B) : WORK DONE BY A VARIABLE FORCE YRl 91 gRT fban a1 &t

2.

Ans.

A uniform chain of length ¢ and mass m overhangs on a rough horizontal table with its 3/4 part on the
table. The friction coefficient between the table and the chain is p. Find the magnitude of work (in
joules) done by the friction during the period the chain slips off the table (take pn = 0.2, g = 10m/s?,
L =2m, m = 16 kg).

R (9 AN m B Udh F96Y ek Ud GG &l A9 & SR Y dcd I8l 8 Pl A AIAg
IR A9 & HUWR 2| A g SR & 7 GYY ONG p 2| Sk gRT AW 9 e & dRM A€o gRi
fod T S @1 aRET (S H) 1 BRI | (u=0.2, g = 10m/s2, L = 2m, m = 16 kg &1 YA &)

18.00

/\
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Work, Power & Energy

Sol. fk=p — (/—X)g
W = m(¢— x)g d
) 0
X=7
N fK
/7777777777777
X
[(0—x)%1"
W Bmg §
4 2
__ umg 9¢° _  9umgl
B 2¢ 16 32

SECTION (C) : WORK ENERGY THEOREM &1 &uil ¥d

The system as shown in the figure is released from rest. The pulley, spring and string are ideal &

friction is absent everywhere. If speed of 5 kg block when 2 kg block leaves the contact with ground is

2\x m/s, then value of x is : (spring constant k = 40 N/m & g = 10 m/s?)
o & Ry I e &1 foRmERen & el omar 8| o, R gon SN snest ® 9o e SR 'y

Wﬁ%%lmzkgaﬂaﬁmwéwm%aﬂ5kg@|‘1"cﬁa%‘ra1?rm‘%:2«/7m/s%?ﬁxab‘rmﬂ

3.#
BT |
Ans. 02.00
Sol. (2)
F.B.D of 2 kg block
kx T
2 kg
20

(RE1 f=dTes k = 40 N/m & g = 10 m/s2)

5 kg

2 kg

When 2 kg block just leaves the contact

9 2 kg BT <Ad HID Bredl & 7

N=0
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Work, Power & Energy

Kx+0=20=x= @= 1 m

40 2
Applying WET for the whole system
ol H R B Holl THT T W

Wg + Wsf = AK

2
— 50 x1 — 1 (40) [(lJ —o} 1 s ve-01 =V = 22
2 2 2 2

4.# A small block slides along a path that is without friction until the block reaches the section L = 3m,
which begins at height h = 3m on a flat incline of angle 37°, as shown. In that section, the coefficient of

kinetic friction is 0.50. The block passes through point A with a speed of J136 m/s. Find the speed (in
m/s) of the block as it passes through point B where the friction ends, (Take g = 10 m/s?)

AR U& Blel fivs 9 & srgfaer fa a¥o & fd oxar 8, 59 a@ b I8 L = 3m ardl 91T R A
Ugd| S h = 3m A UR™ B & qAT SHBI Aq A1 &fcrsl § 37° B P9 I9GT 8 | 39 AW BT GG

o 0.50 B | five fig A R =1 136 m/s & TJoian 2| s o9 fag B W ugadn & d9 g@a@ dard

(m/s) =TT @RI, B g 98 B, W&l °¥v @ & o 21 (g = 10 m/s2 i)

5

2 &
[

W o

o

\/1 36 m/s
<+—

Ans. 04.00
Sol.  Applying work-energy theorem between A and B.

A TT B 989 Hr Soft 9RHT |

% mVg? —% mVa? = Wgravity + Whriction

%mVBZ— %mVAZ =W

:%mVE@— %m (136) = — mg(3 + 3 sin 37°) — umg cos 379 x 3

W"'Wm‘w

2
3\’?8_% __48-12 — Vs =4m/s

\/136 m/s
4—
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Work, Power & Energy ﬂ—

5.#

Ans.

Sol.

Ans.
Sol.

As shown in the figure a person is pulling a mass 'm ' from ground on a fixed rough hemispherical
surface upto the top of the hemisphere with the help of a light inextensible string. Find the work done (in
Joules) by tension in the string on mass m if radius of hemisphere is R and friction coefficient is .
Assume that the block is pulled with negligible velocity (take p = 0.1, m = 1kg, g = 10m/s2, R = 1m).
YRR o 3§ U el 'm ' SAN Bl SRIAA ¥ Sfsaq QRN S A b Seadd g dd
HfIERT Bed! A @ TRl 9 Giedl & | Al el & s R a1 gy qoiie w81 df & b
TG R m SEE R B T $R (S H) A9 B | A did Bl 0G99 F Eiel A 2 |
(u="0.1,m =1kg, g = 10m/s2, R = 1m &I YA &x).

11.00
Work energy Theorem on “m”

P IS THT “m” R

L)

We + N + Wt + Wi = AK

2

-mgR+0 +Wr— J.(umgsine)Rd9=0
0

= Wr=mgR (n+1)

Two blocks of masses m1 and m2 are connected by a spring of stiffness k. The coefficient of friction
between the blocks and the surface is p. Find the minimum constant horizontal force F (in Newton) to
be applied to m1 in order to slide the mass mo. (Initally spring is in its natural length).

(Take m1 = 3 kg, m2 = 5kg, g = 10 m/s2, u = 0.2)

] wifd 98 g = my 92 me ® k Fodie @1 B & 99 8¢ 2| <ifel 921 §dg @ §9 gy o
HB1 mi IR JRING a9 = &fast 96 F (Je H) s1a S0 O & Sqq4= me e sy (URe 3
R uTgpfad v # 8 |(m1 = 3 kg, m2 = 5kg, g = 10 m/s2, p = 0.2 BT YA &)

11.00

K, x =
m]—>F
n K
' um,g
<«
. —F

nm.g 3

' X

WEe + Wsp + Whic = AK
= Fx—%Kx2—pm1gx=O & Kx = umzg

= F- %ung—um1g=0
= F=um1g+%

/\
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Work, Power & Energy ﬂ—

T.#

Ans.

Sol.

8.»n

Ans.

All springs, string and pulley shown in figure are light. Initially when both the springs were in their
natural state, the system was released from rest. The maximum displacement of block m is

X X (5%) Calculate x.

yefdfa o # 9 Ry, <=0 don RRA gcd! 21 URR W9 9l 7 9y owe § 21 99 e @l

ReRTaen I BIeT SIIdT 8 | <iid m &1 Afhdd favem= x x(s%j g dl x S BRI

02.00
1 2X
mgx ——k| —
75 (5
10mg
k

As shown in the figure a spring fixed at the bottom end of an incline plane of inclination 37°. A block of

mass 4 kg starts slipping down the incline from a point 4.6 m away from the spring. The block

compresses the spring by 40 cm, stops momentarily and then rebounds through a distance of 3 m up
3

the incline. If the spring constant of the spring ismTX N/m, then value of x is. Take g = 10 m/s*

fora # 37° o1 & TGRSR Aqqd & el RR W) U R Sisaq g | 4 {6 s=9@M &1 Us BIel el
Taad W R A 4.6 |l R A BT YRS HRal 8 | edbl & Bl 40 ). q961 8, Yb &9 & ford

3
“HAl 8 U9 qUeE 9ddd IR 3 m §3 T% 999 Sl § dfe R &1 R fadie 108X N/m & @ x
H1 A A1 B eI 8 g =10 H/A2

09.00
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Work, Power & Energy ﬂ—

Sol.

9.%=

Ans.

5 &€

&«

Work energy theorem (Between A & C)
P I91 T I (AR C & He)

Wi+ Wa + Wep = AK
= —umgcos 0 (5+3)+mg2sin6 =0
= u=gtan37°
8
3
" 16

work energy theorem  (bet. A & B)
P Ioll W (AR BB #e)

Wsp + Wa + Wt = AK
= mg5sin37°—um950039—%K(0.4)2=O

Ao et A | ek
5 16 '5 2 100

K =9000/8 N/m so3: x=9

In the figure shown, a spring of spring constant K is fixed at one end and the other end is attached to
the mass ‘m’. The coefficient of friction between block and the inclined plane is ‘w. The block is
released when the spring is in its natural length. Find the maximum speed of the block during the
motion. (0 = 45°, u =0.2, m= 20 kg, k = 10 N/m, g = 10m/s?)

TR U fE A R e K @ ge R g R IR Sisad @ 9 g% RIRT S8 ‘m’ ¥ 91 B
TcH G 0 dd S F GO OIS W B | Oid BT SHD UIpfad oIS H § a9 [edl BiST ol B | A
% SR ed DI FMUHIH a1l S DI | (0 = 45°, u =0.2, m= 20 kg, k = 10 N/m, g = 10m/s2 &1 TAIT
)

77, LITTTTTTTTITTTTT 7,

08.00

/\

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) - 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow [ e o500 558 5555 | CIN : UB0302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Work, Power & Energy ﬂ—

Sol.

10.#

Ans.
Sol.

initial position TRfE Rafa

aifeaq Rerfd

The speed is maximum when acceleration is least
Let displacement of block is xo when the speed of block is maximum.
At equilibrium, applying Newton’s law to the block along the incline

T AFHTH & O @R RATH & | 99 [ed D AT AFHAH & T9 A ISP Bl fIRITTT X0 ¢ |
HRITERN WR A4 Tl @ A e W Jed Bl 199 o= wR

Mgsin B =pmg cos 6 + kxo  eeiieeeienn. (1)
Applying work energy theorem to block between initial and final position is

TRMS g A R & 789 e R SR Foll T o W)

Kf=Ki+mngsine—%ksz—umngcose ........... (2)

final position

Solving (1) and (2) we get, (1) @ (2) &1 A B W

Vmax = (Sin6 — 1 cos6) g \/%

As shown in the figure, there is no friction between the horizontal surface and the lower block (M = 3
kg) but friction coefficient between both the blocks is 0.2. Both the blocks move together with initial
speed V towards the spring, compresses it and due to the force exerted by the spring, moves in the
reverse direction of the initial motion. What can be the maximum value of V (in cm/s) so that during the
motion, there is no slipping between the blocks (use g = 10 m/s?).

fear W o § = aral five (M = 3 kg) 3R &fdsl ¥dg & 9 g9 78 8 Ry Q1 qedhl & A
Y1 Ui 0.2 B | A1 fve URMMS I V H TEh |1 R @) iR IRHE 2 &R R @1 g9 ® ek
BT gRT & T 9 & SR RS 10 & faadia feen § 1w 8 ' 1V (em/s H) &1 siidad "M

T B [hdT & AP A B IR fAvsi & = e 9 811 (g = 10 m/s2 g )

m
K=400N/m ‘ Tkg \ 11=0.2

M
| 3kg —
smooth
(Ferep=m)

20.00

Maximum chance of slipping occurs when spring is maximum compressed. At this moment, as force
exerted by the spring is maximum, acceleration of the system is maximum. Hence maximum friction
force is required at this moment.

By W/E theorem
1 2
%(M+m)V2=Eme2 = Xm= W
Now for upper block  am = L
PP " M+m
. . - kx,,-m
force on upper block is provided by the friction force. Therefore umg > v
+m
For limiting value V =pg M;:m

using values Vmaximum = 20 cm/s

/\
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Work, Power & Energy ﬂ—

g, Iifdean fhaed @1 Refd d@ I Bl @ o9 R i |=difed gt 21 39 &1 & gr1 omRifua
ER|
P 2 T MR &1 @R 9 Af¥ead © | I 39 Rfd 3 smavasd gyor 9 if¥edd © |
PR I gHT |
2
Tmemves Tkt = xme [MEMVE
2 2 K
o kx
ST e & forg am= —"
M+m
T Ad U g, TYT g1 gRT AT @ ¥ |
kx,,-m
3d: umg > ——
M+m
Aria w9 & forg V = ug M;;m
A @ gAN A V.. =20 cm/s
11.# One end of a spring of natural length ¢ and spring constant k is fixed at the ground and the other is
fitted with a smooth ring of mass m which is allowed to slide on a horizontal rod fixed at a height ¢
(figure). Initially, the spring makes an angle of 6 with the vertical when the system is released from rest.
If the speed of the ring when the spring becomes vertical is (2¢ / 3) \/K m/s then find the value of
m
angle 6 (in degree):
rgfas dwE (9 R fEdaie K@ R85 & te R 9d8 ) Sedq @ Td §E m SHE @ U
Il ao 9 9 1 & Sl £ s R R e &fds s (RFF 4H) R haeq & fo w@a= & | R #
BT SeafeR @ |1 6 BT §9KRA ® o9 e faRm & Brer oiar 8 | 99 B SR 8 9 ® 99 9oy
31 A (24 / 3) \/%m/s%\' ar @ 0 (3 #) &1 A9 sa SIS |
N
Ans. 53.00
Sol.

/\
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Work, Power & Energy ﬂ—

SECTION (E): POWER  ¥IfoRT

12.

Ans.
Sol.

13.#

Ans.
Sol.

A particle of mass 'M' is moved rectilinearly under constant power Po. At some instant after the start, its
speed is v and at a later instant, the speed is 2v. Neglecting friction, distance travelled (in m) by the
particle as its speed increases from v to 2v is 7x. Find x (take Po = 4 watt, M = 12 kg, v = 3m/s):

'M' SHHAM BT UHh SO Py Fd ofdd & o= ORdl YW 70 &R 8T 2| IR™ B & Y G9d UTEn]
D! ATA Vv B TAT SHD FY GFI UTAR] A 2v § | FU B WO AIAY | T §HD! A v A 2V TD

el B, 99 HU gRT 9T B TS A 7x (Wiex H) ¥ A1 x & B ( Po = 4 watt, M = 12 kg, v = 3m/s &1

TART HRI)—
27
Po=Fv

g (Mv d—vjv =P
ax

2y X 3
:ijzdv:Pojdx: x—7|vIV
v 0

3R,

A block of mass m = 2kg is pulled along a rough horizontal surface by applying a constant force at an
angle 6 = tan-! 2 with the horizontal as shown in the figure. The friction coefficient between the block
and the surface is p = 0.5. If the block travels at a uniform velocity v = 5 m/s then calculate the average
power (Watt) of the applied force. (Take acceleration due to gravity g = 10 m/s?2)

m = 2kg EFHE B b &fcel GIEX Ade B I id UR &fael 0 = tan' 2P0 W T T

IR HRDb REATGAR Tl Sl & | <P 0 Fdg @ q&g "6 e p= 058 | Il <difd a9
v=>5m/s ¥ TR 8 O IR 9 gR1 &1 715 3d idd (@ H) S -1 ([ed & HRY @Rl

g = 10m/s2 H=r1)
F
/K
m S

7T TTTTT 777777

25.00

F cos 6 = uN

N =mg - F sin6
- umg

cos0+usind
pmgvcoso

C0S0 + pusin®

_ MMV o5 W

" 1+ptano

P=Fvcosb=

SECTION (D & F) : POTENTIAL ENERGY AND MECHANICAL ENERGY CONSERVATION CONSERVATIVE &

NONCONSERVATIVE FORCES AND EQUILIBRIUM

Rerferst Soit Td Tife ol Gxeror Gxell U9 SrRe) 9o T Arraeen

14.

Ans.

A particle of mass 2 kg is subjected to a two dimensional conservative force given by,

Fx=-2x+2y, Fy=2x-y2 (x,yinm and F in N). If the particle has kinetic energy of 8/3 J at point
(2,3), find the speed (in m/s) of the particle when it reaches (1, 2).

[15JP110979]

2 kg S@FH &1 ST Gfaia ERefl 9ai Fu= 2x + 2y, Fy=2x —y2 (x,y {lo § QAT F Y4 4 B) &
=T IRl B 1 Al +01 @ =g (2,3) W TIfast Sett (8/3) J B A1 fag (1, 2) W &9 & A1l (m/s H )
A B |

02.00
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Work, Power & Energy

Sol.

Fxdx + Fydy = —du

—du = (— 2x + 2y) dx + (2x — y2)dy

=—2xdx +2(ydx + x dy) — y2 dy
3

u(x, y) = x2—2(xy) + y? +C
U@,3)=4-12+9+C=1+C

%+1+C=(K.E)+[1—4+§+C]

Kinetic energy Ifist Swoff = 4 J

%(2)v2=4 = v= 2m\s

PART - 1ll : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE

AT -l : U 1 U 9§ IS 981 fAdhed UaR

SECTION (A) : WORK DONE BY CONSTANT FORCE ﬁf\’-ﬁl CE R ﬁﬂﬂ a1 m
No work is done by a force on an object if

o g1 Bl 9% WR BIs B T8l (B Sl & qfs —

(A*) the force is always perpendicular to its velocity

1=

Sol.

I THIM 971 & o+ 9aq BT & |

(B) the force is always perpendicular to its acceleration

Il EHIN @RY & o 9aq il @ |

(C*) the object has no motion but the point of application of the force moves on the object
%] Rer 8 dfd avg W JIRIUG 9 &1 b f95 (point of application) a%g R Ifd &= & |

(D*) the object moves in such a way that the point (of the body) of application of the force remains fixed.

9 39 THR Y HA 2 B g b1 b g (@wg F1) Rer & 2 |
dWr =F.dS , if F perpendicular to 95 then
dWr =F.ds , afe F,dS& oeaq & o

dWr =0, 95 s displacement of point of application of force, v

dWr =0, d5 ge1 & fipan faeg @1 faRermoe & \7=Z—?.

(A), (C), (D) are true. 3 B |

/\
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Work, Power & Energy ﬂ—

2. Inthe figure shown, there is no friction between B and ground and p = 2/3 between A and B.
TRl fora # <ife B T S & AL B O8Nl 8l § a1 <iidh A T <A B & 7eg 99 qUNd = 2/3
g

Al M
Bl 2M |—F=Mg

[17777777777777777777777777777

(A*) The net work done on block A with respect to Bis zero
i B @ e A TR 5 a1 @l a1 g 2 |

(B*) The net work done on block A with respect to ground for a displacement ‘S’ is @

W%ﬂﬁ&i@ﬁaﬁAwﬁ?mWEgamﬁ?W'S'a%WMTﬁ 2

(C*) The net work done on block B with respect to ground for a displacement ‘S’ is #

W%Wa@ﬁmBmﬁmm@amﬁmﬂW'S‘%aﬁ?ﬁzﬁ—gS%l

(D*) The work done by friction with respect to ground on A and B is equal and opposite in sign.
SN @ AU dfd A T B IR 84l 91 gRT fhar 1 el aReER q21 faukia o @1 2 |
Sol. (A, B, C, D)

For the situation A and B move together and force of friction between A and B is g ie. % . Since A and

B move together.

Net force acting on A = % )
Net force on B= M _% ~ 2’\?:’9

M

n

2M —>F Mg

Since displacement is same.
Sol. (A,B,C,D)

Aaszﬁwaaaﬁa%ﬁu%ﬁ,aqudBa%mm‘wwg%%j 7
fFH AR BUS W T a7
W%FQAW@W:%.

M
il
2M —> F Mg
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Work, Power & Energy ﬂ—

SECTION (B) : WORK DONE BY A VARIABLE FORCE URTc-TNdl gRT &A1 -1 ot
SECTION (C) : WORK ENERGY THEOREM T SHuil AT

3.

Sol.

4.

A body of constant mass m = 1 kg moves under variable force F as shown. If att =0, S = 0 and
velocity of the body is J20 m/s and the force is always along direction of velocity, then choose the
incorrect options

fad s m = 1 kg @ o MR aRad 9d F & oror afefid g1 afk t=0 R S = 0 T2 g
BT AT 20 m/s B | TT I gHE I A 7w A B @ Tord bt w1 g

4 F(N)

10N

2m m ;S(m)

*) velocity of the particle will increase upto S = 2m and then decrease.
) the final velocity at S = 6 m is 10 m/s

the final velocity at S = 6 m is 4 /5 m/s

)
*) the acceleration is constant up to S = 2m and then it is negative.
*)S =2m d® B B I IS AL TS |

B)S=6m W 3AfH 91 10 m/s B |

C*S=6muw Af<Ta a7 4Em/s |

D*) S = 2m d® Ul B @RV fId & TULAq FKUMHD ¢ |

velocity will continuously increase 9 AMAR M
1/2 m (v2 — u2) = A KE = work done f&an &1 &

= 1/2 x 1.(v2— 20) = Area &F%d = 40

= v=10m/s

A
B
C
D
A

(
(
(
(
(
(
(
(

A block of mass 'm ' is attached to one end of a massless spring of spring constant ' k'. The other end
of the spring is fixed to a wall. The block can move on a horizontal rough surface. The coefficient of
friction between the block and the surface is u. The block is released when the spring has a

2umg
k

compression

'm' S@HE BT Uh Jehl R TR k' P Uh sgdHed KU b UP R A ST © | R b1 gER
fRT T SR W Siead & | Jedl Y &lfcdel FREN Ads UR dcl Hdhdl © | JCb 9 |ag d Hed "yl

UM 2 | CH! BIST oral 8 oid R &1 wwded 2|ukmg 2, @ wod fawer g |

of then choose the incorrect option(s):

(A) The maximum speed of the block is g \E

(B*) The maximum speed of the block is 2 g E

(C*) The block will have velocity towards left during its motion.
(D*) The extension in the spring at the instant the velocity of block become zero for the first time after
being released is “kg

/\

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) - 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 19
Educating for better tomorrow [ e o500 558 5555 | CIN : UB0302RJ2007PLC024029 ADVWP -



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Work, Power & Energy ﬂ—

Sol.

(ii)

5.n

(A) B B ARFHTH oA ng \/%%‘I

(B*) [c& @ Af¥dman a1 2ug \/g%\'l
(C*) T & SR e &1 971 Il IR B
(D*)‘a?rtcﬁzf%m%mm@méwﬁmﬁﬁﬁmm,ﬁdﬂﬁﬁw% &l

(i) Velocity will be maximum when net force = 0.

T 3NfHdH B W9 YR 9 = 0

kx=puN=pmg = X= 2

BT Holl THT I Ws + Wr = AK
1, (2umg¥ 1. (umg) mg 1
2 k 2 k k 2
On solving 81 &% W,

m

When the particle have velocity equal to zero, then let extension in spring be ' x"'.
ST9 9T B 99 I & a1 7 R A AR x' 2
2 2um 1
1 k (Mj =pumg (“—g+xj+— k x2
2 k k 2

2 22,2 2 222
oMY 1 M9 +xumg+%kx2 = x{@+x}=0

Kk k

2umg

— when compression in spring is i.e. initially

x = 0 (at natural length) or x = @

x=0(umwéw)mx=—2ﬁ(ﬂaaﬁqﬂﬁwﬁw 2”}(& JAT IR H

So at natural length, velocity is zero and spring force is also zero. The block will not return or have
velocity towards left.

safery Uefas =g W) 9 T 2| R 9a ff I B [edt aud T8 e ofR 3@t I 9 @R
2 |

The kinetic energy of a particle continuously increases with time

TH HOT B IS ol § AT & A1 AR gig & <& 8 dl

(A) the resultant force on the particle must be parallel to the velocity at all instants.

W AT B R GRUMH g1 97 & FEIR B A1y |

(B*) the resultant force on the particle must be at an angle less than 90° with the velocity all the time
W AT B R RO 9 971 & |1T 90° H HH PV R BT A1 |

(C) its height above the ground level must continuously decrease

B Pl ERIAA H HATS ANMAR T ARy |

(D*) the magnitude of its linear momentum is increasing continuously

PO P IE I BT YRHATT AR 977 |

/\

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) - 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 20
Educating for better tomorrow [ e o500 558 5555 | CIN : UB0302RJ2007PLC024029 ADVWP -



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Work, Power & Energy ﬂ—

Sol.

Sol.

T.#

- -
dWe= F.ds —dk>0 =

N
F

—

ds| cosb >0

=0<0<90°
p=2mKE) ,KE. T sogaferg pT.

A man applying a force F upon a stretched spring is stationary in a compartment moving with constant
speed v. The compartment covers a distance L in some time t. _
fd = v a T AR B TE M A Rer wel @i Wi g8 ReR R W a9 F @ R@ B

foeft T toR M X L a e B

\')
<

QAaY, XAy

A*) The man acting with force F on spring does the work w = — FL.

B*) The total work performed by man on the (compartment + spring) with respect to ground is zero.
C*) The work done by friction acting on man with respect to ground is, w = — FL.

D) The total work done by man with respect to ground is, w = — FL.

A*

) RETT IR BRRG 91 F & 11 afadd w = — FL &1 &ar 2|
B*) eRTdal & HvE (M) + ) R =afed gR1 foan o1 §a & g & |
C*) eRTId & ¥Uel Afdd W HRIRG avvEe gRI1 fhar a1 & w = — FL 81 |
(D) sRTAA & |veE Afad gRT fHar 71 FF dRf w=— FL 2|
The man acting with force F on spring does the work w = — FL and work done by friction acting on car
exerted by man w = FL
.. total work done by man is zero.
T R 9 F & gRT fbar a1 & w = — FL do Jfdd gR1 S R $RIRG 840 9 gR)1 fhan a1 o
w=FL
- I ) A fHa1 T BRI

(
(
(
(
(
(
(

A block of mass 2 kg is hanging over a smooth and light pulley through a light string. The other end of
the string is pulled by a constant force F = 40 N. At t = 0 the system is at rest as shown. Then in the

time interval fromt=01tot = 2 seconds, pick up the correct statement (s) : (g = 10 m/s?)

Jio
% 2 kg SIAT B <ild, Y (b=l 1 8ol fORAl & §RT Bodl I A ACH] 83l © | TR Bl AT

ﬁ«mﬁaﬁwF=40N®1€ﬁ€|1\—:rm1%|t=0wﬁ$mﬁ?@vﬂﬁ?mmwﬁ%|a’elt=oﬁt=i

Ji0

JHvS FAITRIS & oI Fal U BT T B | (g = 10 m/s?)

2K9| | F=40N
(A*) tension in the string is 40 N (B) work done by gravity is — 20 J
(C*) work done by tension on block is 80J (D) None of these
(A*) T=f! & a9 40N B | (B) T g1 v m #1d —20J B |
(C*) 919 gRT =it WR fbar a1 ®rf 80J 81 (D) 378 & BIg &
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Work, Power & Energy ﬂ—
Sol.  Acceleration of block is (&ifd &1 @RUT) = 10 m/s?
1

x10xi=2m

1
. displacement (fa%emuq) s =—at2 = —
'SP ( )$=3 2 10

Tension in the string is 40 N

Work done by gravity is

TR H T 40N R |

Tocd §RT fhan S1I-20 x 2 =—40J
T=F=40N

2kg

mg=20N
and work done by tension is
TG X1 e i
40x2=80J

8. One end of a light spring of spring constant k is fixed to a wall and the other end is tied to a block
placed on a smooth horizontal surface. In a displacement, the work done by the spring is % kx2. The

possible cases are
T BT &1 U RRT AR I ST 8 a1 ER1 RIRT U6 i A sl & off fId- fds 9d8 W @ 2 |

Ref1 @1 aof Fraciios k 3 | i @1 Reenfia oo & Rei g1 e = o %kxz%eﬁwaaﬁm%—
(A*) the spring was initially compressed by a distance x and was finally in its natural length
TR 7 AT x X a6 GRS o dur sifww Refd § I8 arafds o 9 ot |
(B*) it was initially stretched by a distance x and finally was in its natural length
s H B x g8 a@ G g8 ot qen oifvaw Refa # I arafds awiE # oY
(C) it was initially in its natural length and finally in a compressed position
URF 4 RERT aRafdsd owarg | o qen erfva Rerfa # w=difsa ot |
(D) it was initially in its natural length and finally in a stretched position
o § R arafds owars | off o sifvam Rerfa § &< g8 ot
Sol. Ws = Ui — Uy, % kx2 = Ui — Us

U=0= U= ke +kx)?
2 2

= spring was either compressed or stratched initially by a distance x.
= R e | A1 A1 x FEAfST o a1 x Ra<h g8 o |
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Work, Power & Energy ﬂ—

SECTION (E): POWER  ¥IfoRT

O.#

Ans.

Sol.

Two bodies of mass m1 and mz2 (mz2 > m1) are connected by a light inextensible string which passes
through a smooth fixed pulley as shown. Then choose the correct option(s)

m,

Fex! m2

(A*) The instantaneous power delivered by an external agent to pull m1 with constant velocity v is (m2 —
m1)gv

(B) The instantaneous power delivered by an external agent to pull m1 with constant velocity v is (m2 +
m1)gv

(C*) The instantaneous power delivered by an external agent to pull m+ with constant acceleration a at
any instant t, starting from rest, is [mz(g + a) — m1 (g — a)] at

(D) The instantaneous power delivered by an external agent to pull m1 with constant acceleration a at
any instant t, starting from rest, is [mz(g + a) + m1 (g — a)] at

m1 T Mz (M2 > M1) SFHAE DI & aIY TP AT Bedl IR RT eI 8% o, ol U [ad+1 Sead
Rl & [oRell & a1 el fabedi &1 = a= ] |

m,

Fext m2

(A*) mi STAM DI A 9189 FRS g1 F9d 991 v | diem & fog & 138 arefldre wfad (mz — ma)gy
2l
(B) mi SH &I & 91T $R& gRT Fd 991 v | diew & forg @ 8 awerfors oifad (me + mi)gy
2l
(C*) faRTIE=T | my A Bl Gl 9189 SRS gR1 F9d @R0 a 9 Gigd & folg 5l 999 t R @
g areIfdrd w;AfR [mo(g +a) — mi (g —a)jat B
(D) foRTIERR & M1 SHHH Bl Bl g0 SRS gRT HId @RV a 9 Gigd & fog fosh) 99 t R Q@ T
arerfore wfed [ma(g + a) + m1 (g —a)lat 2|
(a) (m2—m1)gv
(b) [m2(g + @) = m1 (g — a)] at
(a) P=F, .V
Where V' is the vel. of point of application
SiEf V 39 fag &1 97 B, el 91 o T ¥ |

Fext + mig=T & mag =T
= Fext=m2g—m1g

=(mz—m1) g
P=(mz2—m1)gv Ans.
(b) Fext + mig—T = mia

T—mz2g = mea

Fext = (M1+ m2) a + (m2—m1)g
= mz(g+a) — mi(g — a)

L P= (Fext) (O + at)
={mz(g+a) —m1 (g—a)} at Ans.
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Work, Power & Energy ﬂ—

SECTION (D & F) : POTENTIAL ENERGY AND MECHANICAL ENERGY CONSERVATION
Refos oot vd gifsie ol wvamr

CONSERVATIVE & NONCONSERVATIVE FORCES AND EQUILIBRIUM

el

10.#

Sol.

11.

U9 el 96 dAT ARATaRR
The given plot shows the variation of U, the potential energy of interaction between two particles with
the distance separating them is r. Then which of the following statements is / are correct. :

fr=IferRad ash U R 9 r X R R 1 $01 & #7ey srafshar Reafast Sotf U &1 X801 r & |1 gRaas
yefRid exar & a1 T A ¥ PR/ B I B 7

Ut a
E
F
i /\\
D ,r
C
(A) B and D are equilibrium points B Tt D wr=imaRen fawg 2 |

(B*) C is a point of stable equilibrium  fovg C %l |rma=en # 2 |

(C) The force of interaction between the two particles is attractive between points C and D and
repulsive between points D and E on the curve.
g% R fIg C TN D & Heg & PVl & dld ffhAT 9 ATHYYT §e1 & AT fdg D A1 E & 7ea ar=-fban

o IfAHYT 9 B |
(D*) The force of interaction between the particles is repulsive between points E and F on the curve.

a% R Rd g ETANF & 757 &0 & 919 sr:fhan 91 ufiador 9ot 2 |

At point 'C', the potential energy is minimum, hence it is a point of stable equilibrium.
Also, from E to F, the slope is negative i.e.,

fag 'C' R Refast Suif aH & o I8 g il armawen 4 & |

ES Fd®d Tl FUMHS 8, 31T

= F=—?j—u>0 Fis +ve so repulsive  F &9TcA® & o1t ufaradt 2 |
r

Hence, the force of interaction between the particles is repulsive between points E and F.

o g Ed F & #e ®v11 & 784 91 UAdy 9t 2 |

A single conservative force F(x) acts on a particle that moves along the x-axis. The graph of the
potential energy with x is given. At x = 5m, the particle has a kinetic energy of 50J and its potential
energy is related to position 'x' as U = 15+(x—3)? Joule, where x is in meter.
TS HUT WX U GR& 9o F(x) PRIRG & o799 I8 x- 318 & IMfael I Rl & | x B |l Reyfast smoi
P UG FIAGAR SR A1 & | X = 5m W U1 dI sl Hoii 50J & d1 sq@d! Reffast ot Rafa 'x' &
A1 U = 15+(x=3)2 T[d & AR FHIT B | S8l x #ex § 7

U (Joule)

r

15

A
v
X

A
3

=
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Work, Power & Energy ﬂ—

Sol.

12.

Ans.
Sol.

(A*) The mechanical energy of system is 69 J.
(B) The mechanical energy of system is 19J.

(C) Atx =3, the kinetic energy of particle is minimum
(D*) The maximum value of kinetic energy is 54 J.
(A*) T @ Tifyes ot 69 J B |
(
(

B) fAera & Fife o1t 19J B |
C) x =3, TR B & IS FHoll =AaH B
(D*) fersT it &1 3ifdhaH A 54 J B |
(A,D)
At x = 5m, KE = 50J

PE = 15+ (5—-3)2 = 19 J
Mechanical energy = 69 J

s Sl =69 J

KEmax = Total Energy &al &sfl — PEmini
=69-15
—54

A body of mass 1.0 kg moves in X-Y plane under the influence of a conservative force. Its potential
energy is given by U = 2x + 3y where (X, y) denote the coordinates of the body. The body is at rest at
(2, —4) initially. All the quantities have Sl units. Therefore, the body

(A) moves along a parabolic path (B*) moves with a constant acceleration
(C*) never crosses the X axis (D*) has a speed of 213 m/s attime t = 2s.

1.0 kg SIAM @ 9% X-Y T § WREA 91 & g9 | T Bl © | 39D Rt St U = 2x + 3y §RT
& IR B SRl (X, y) TG D MDDl gAdK © | UR™ H aR] (2, —4) W R ® 7| 94 alkEr Sl
Tgfa # 2| 9% —

(A) TH TRISTT T TR TfA HR 2 | (B) fraa @@=l & A1 A w7 |

(C) X-a1e7 BT BT &l IR Il B | (D) t = 2s 7F TR 213 m/s @1t Y&l 2 |

PART - IV : COMPREHENSION

HRT - [V : 3IJHS (COMPREHENSION)

Comprehension 1= :

1=

A block having mass 4 kg is pushed down along an inclined plane of inclination 53° with a force of 40 N
acting parallel to the incline. It is found that the block moves on the incline with an acceleration of 10
m/s?. The initial velocity of block is zero (take g = 10m/s?).

4.0 Kg S &1 T el 53° Tl dTel 9d dd WX, Tddel & FAR B ax @ 40N & UF 9 g
A B IR DA S B I8 U A © b Yedl Taad W 10 m/s? B RO ¥ Fodl & | [ed B

URMS 97 I 21 (feam g g = 10m/s?)

Find the work done by the applied force in the 2 seconds from starting of motion,
A & UR™ F 2 THTS W IR 9 §RT a1 =1 S &1 BRI
(A*) 800 J (B) —800 J (C) 640 J (D) -640J
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Work, Power & Energy ﬂ—

2.n

3=

Sol.

Find the work done by the weight of the block in the 2 seconds from starting of motion,
MA@ IR™ § 2 9FTS ¥ [cd & IR gRI fHa1 T SR 91 R
(A) 800 J (B) -800 J (C*)640J (D) —640 J

Find the work done by the frictional force acting on the block in the 2 seconds from starting of motion .
A B IR™ F 2 9HTS ¥ o W PRRG OYY 9 §RIT (AT T SR A1 BRI
(A) 800 J (B) —800 J (C)640J (D*) —640 J

f« = pmg cos 53,

40 — fk + mg sin 53°=4 (10)

fk = mg sin 53°

Displacement in 1 sec 1 9. # fa=ma= S = 0 + 1/2 (10) (2)2
S=20m

WE =40 x 20 = 800 J,

Wgrav = 40 X 4/5 X 20 = 640 J

We, =—640J

Comprehension # 2

(7
(i)
(iif)

Ram and Ali are two friends. Both work in a factory. Ali uses a camel to transport the load within the
factory.

Due to low salary & degradation in health of camel, Ali becomes worried and meets his friend Ram and
discusses his problem. Ram collected some data & with some assumptions concluded the following.

T # 2

I Td ITell 99U o YD HF 2 | 3@ QHl U & PREM H HTH BRA & | 3fcll FREM H R B g B
foI S &1 SRHEA BT 2 | 71 909 T2 S & @Ry # Rrae ¥ 3rell fafaa gar & qun e iy
M A A 8 d AU TN W 9 DRl 8 | M BY b Afed HY Aldbs HCI] PIAl § a2l
o=t oy fSapreran 2 |

V4 —~—

The load used in each trip is 1000 kg and has friction coefficient pk = 0.1 and ps = 0.2.

yAE IR H U R 1000 fHm. B don uv¥d o o= 0.1 M pus = 0.2 & |

Mass of camel is 500 kg.

$T B s 500 fHI1. B |

Load is accelerated for first 50 m with constant acceleration, then it is pulled at a constant speed of
5m/s for 2 km and at last stopped with constant retardation in 50 m. (String used for pulling load is
almost horizontal).

YR YH 50 H). I6 Th T @R | aRd aidl &, 99 91 2 foi. 9o g a1 5 91 /9. 9 Sian S
2 do1 3 H 50 /. § T Hed |l © | (YR dreae H Uga [T AT Sfs I8l 2 1)
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Work, Power & Energy ﬂ—

4,

Sol.

Sol.

Sign of work done by the camel on the load during parts of motion, accelerated motion, uniform motion
and retarted motion respectively are:

Ty & faff= 9 ;- Haer aRa WY, te gEE Afq 9n J@fed T # S gRT YR R Ry ™ B @
forg 8 —

(A*) +ve, + ve, +ve (B) +ve, +ve, —ve (C) +ve, zero, —ve (D) +ve, zero, +ve
(A*) +ve, + ve, +ve (B) +ve, +ve, —ve (C) +ve, I, —ve (D) +ve, T, +ve
(A) WeL + Wi = AKE WoeL = AKE — Wi

(a) During accelerated motion negative work is done against friction and there is also change is kinetic
energy. Hence net work needed is +ve.

(b) During uniform motion work is done against friction only and that is +ve.

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

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

(a) @RT 0 & IRM Tuv & fIvg RIS B BT ® TAT I8 TRt ol § aRadd & axre” |t gran
2 31 Gl BRI AEATASH ©Y H +ve B |

(b) TH AN A B SR DI TV B fIvg R B AR T8 +ve B |

(c) #ifea 4 & SRM, ¥R dI® 50 Hiex g 4 b SR | A Hael Gu9 I AW O IR 1259 T 4
wH SR g8 GX, TTel 98 “Hl SHd & 7 | 37 S IR Bl 50 #I. (>12.5 1) g # I & folv 7o
gof 3R IR | ora: 391 Refodt & far = & +ve 2|

The ratio of magnitude of work done by camel on the load during accelerated motion to retarded motion

IS :

@Ra wfa den Afea 1fd & SRM $T gRT IR W fHY T S & gRAH &1 U & —
(A)3:5 (B)2.2: 1 (C)1:1 (D*) 5 : 3

WL |accelerated motion = AKE — Whriction where WL is work done by camel on load.
Wet| o .o = AKE = W__ ST8f WeL9:¢ 8RT ¥R &R f&ar 71 a1 2 |

E mv? — 0} —[-mmg.50]

= %x1000><52+0.1><10><1000><50 = 1000{%}

similarly, WCLlretardation = AKE — Whriction
s HPR , W, = AKE-W_.

{0—%mv2} — [ i mg.50] = 1ooo[§}

WCL |acce|erated motion WCL lﬁlﬁ\_‘[ Tfy
WCL |retarded motion WCL |qﬁ—d fg
125 5

=— =— =5:3
75 3

Maximum power transmitted by the camel to load is:
$c §NT YR B WaRd Fgdq ofh & —
(A*) 6250 J/s (B) 5000 J/s (C) 10% J/s (D) 1250 J/s
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Work, Power & Energy ﬂ—

Sol.

Sol.

Maximum power = Fmax x V
Maximum force applied by camel is during the accelerated motion.

<« a
Fo
—>f
We have V2 - U2 =2as
25 =02 + 2.a.50
a=0.25m/s? ;for accelerated motion
Fc—f=ma

Fc = pumg + ma = 0.1x1000x10+1000x2.5
=1000 + 250 = 1250 N
This is the critical point just before the point where it attains maximum velocity of almost 5 m/s.
Hence maximum power at this point is = 1250 x 5 = 6250 J/s.
ffSrhad AfRT = Fmax x V

@Rd 1fd & SRME S AfWHdT T T

«—a
F. <
—>f
A S & V2 - U2 = 2as
25=02+2.a.50
a=025m/s2 ; w@Rd a0 & forg
Fc—f=ma

Fc = umg + ma = 0.1x1000x10+1000x2.5
= 1000 + 250 = 1250 N
I HIad 975 ©, 39 95 | U8l IfHad 97 5m/s B |

3 59 fa=g W affddad wfdd = 1250 x 5 = 6250 J/s.

Comprehension # 3

In the figure the variation of potential energy of a particle of mass m = 2kg is represented w.r.t. its
x-coordinate. The particle moves under the effect of this conservative force along the x-axis.

s § m=2kg ® &9 & RS St 1 F<w® x-& A1 uRad = § yelRia 2| el 9 & ywra
H Por x-feem # 7fd F <@ B

A U(in J)
) e .
_____________ 15 !
/\ 10 |
: -5 ! 5 l :
=) : 5 : 10 X (in metre)
{42 i
_15 ________

If the particle is released at the origin then :

(A\) it will move towards positive x-axis.

(B*) it will move towards negative x-axis.

(C) it will remain stationary at the origin.

(D) its subsequent motion cannot be decided due to lack of information.
I B B g g 4 BIST & a1
(A) I8 TS x-feem #§ fq e
(B*) I FomcH®d x-feem #§ Iy dxm
(C) I8 o fog w® ReRr =M

(D) SH®! AT @ A FAAT B HH & HROT T qls ofl Fhel!

/\

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) - 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in o8
Educating for better tomorrow [ e o500 558 5555 | CIN : UB0302RJ2007PLC024029 ADVWP -



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Work, Power & Energy ﬂ—

Sol.

Sol.

If the particle is released at the origin, it will try to go in the direction of force. Here j_u is positive and
X

hence force is negative, as a result it will move towards —ve x-axis.

I P B oI fIg A Bl ST &, A I g &I QM F S BT G B | el g—iaﬂﬁmﬁ%aﬁ:
I FOMAD &, URATTREGRT I —ve x-31& B % T B |

If the particle is released at x = 2 + A where A — 0 (it is positive) then its maximum speed in
subsequent motion will be : _

IfE BT B x =2+ A BIET 9 T&l A — 0 (T FATHS &) & Al 39D I & IR ABaH arer sl
(A) 10 m/s (B*) 5 m/s (C) 52 (D) 7.5 m/s

When the particle is released at x = 2 + A it will reach the point of least possible potential energy
(=15 J) where it will have maximum kinetic energy. .
T B X =2+ A ¥ BIS WAl 8, I8 Yoad a¥d Refas ol & g (-15 J) W 9ga SR | el
DT TS Sol AfShad B |

" %mvfnax =25 = Vmax = 5 m/s

x =—5m and x = 10 m positions of the particle are respectively of

(A) neutral and stable equilibrium. (B) neutral and unstable equilibrium.
(C) unstable and stable equilibrium. (D*) stable and unstable equilibrium.
X=—5maAl x= 10 m R & & Rerfert swaer: & —

(A) SSAIF QT AR ATRITIRAT (B) SERIIF TT AR AHITIRT
(C) SR AT RN FTRATIRAT (D*) TR TAT IRATH AT
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Work, Power & Energy ﬂ—

N
-
J

. Marked Questions can be used as Revision Questions.
» e v99 =M A" 9 B

* Marked Questions may have more than one correct option.

* Ryfead o9 @ A I 98 AP T U ® -

PART - | : JEE (ADVANCED) / lIT-JEE PROBLEMS (PREVIOUS YEARS)

I - 1 : JEE (ADVANCED) / IT-JEE (U5 auf) & gy

1.#

Sol.

A block (B) is attached to two unstretched springs S1 and S2 with spring constants k and 4 k,
respectively (see figure I). The other ends are attached to identical supports M1 and M2 not attached to
the walls. The springs and supports have negligible mass. There is no friction anywhere. The block B is
displaced towards wall 1 by a small distance x (figure 1I) and released. The block returns and moves a
maximum distance y towards wall 2. Displacements x and y are measured with respect to the
equilibrium position of the block B. The ratio y/x is

Figure :

]I 3rarid HAFT (unstretched springs) S1 @1 S2 51 wAMI ReRi® HA: k AAT4 k &, BT Th <iid B
{ Sirer 1 2 (R 1 o) | SAr & g RiRT @1 MR M1 don M2 9§ el 141 8, o SR 9 T8 9%
2| BAT AT AMER BT SFAN 99 (negligible) & | HE i HIS &Y &l © | idh B HI AR 1 & RSB
TS 3 gl x d& (R 11) faRenfia o~ ®is faa Sar © | <fd aifud [l 8 91 SR 2 & AR

BT W y Tb Sl © | x qAT y BT <ild B B |qrearawed (equilibrium) | ATGT ST 8 | UG y/x BT

a9 [JEE 2008, 3/163]
e
2 1
I
M2 S2 S1 M1
YW iER—Wwww—§
M2 S2 X s1 M1
B 11
. >
(A) 4 (B) 2 c) 1 (D)
2 4

M. 4k B K M |

B = N
L A= L

As springs and supports (m1 and m2) are having negligible mass. Whenever springs pull the massless
supports, springs will be in natural length. At maximum compression, velocity of B will be zero.
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Work, Power & Energy ﬂ—

Ans.

Sol.

Hindi.

Ans.
Sol.

b RYT 9 D! (M1 d m2) S 9T SEM 8| ofd A N Ry 9= el & o1 urpfors o 4
BN, ST HUlsd W B &1 99 TR 8RN
y y
M, 4 < K
Lo B - oooooo— M
And by energy conservation. 3R ol HRETUT |
1 1

1 y
— (4K) v2 = — Kx? Z —-_ Ans.
5 (4K) y 5 X X2 ns. (C)

X i+ y
(x2 + y2)3/2 (x2 + y2)

constant of appropriate dimensions), when the particle is taken from the point (a, 0) to the point (0, a)
along a circular path of radius a about the origin in the x-y plane is : [JEE 2013 ; 4/60]

The work done on a particle of mass m by a force, K B ] (K being a

X__i. Y ]
(X2+y2)3/2 (X2+y2)3/ZJ
(a,0) 5 ¥ (0,a) 95 & TP a B & o 99 R o ol 8, REd &= x—y dd &1 9 95 2|
9 94 R fhar T a1 e §
2K Ka Kn

B C) —
a ()a ()Za

(K t& Sfa famr &1 ReRri® ©), U6 m &A@ &0 Bl

TH I

(A)
(D)

(D*) 0

suppose X = r cosf
y =rsin0

. . K o B
force on particle is —3(r cos0i +rsin 6])
r
force is in radial direction so work done by this force along given path (circle) is zero.

A % x = r coso
y =rsind

BV W T Es(rcosehrsine]) 3
r

T frou fen 4 ? o Y W =i vy & orgfew 59 9 g1 fan ™ &R 3 B

A particle of mass 0.2 kg is moving in one dimension under a force that delivers a constant power
0.5 W to the particle. If the initial speed (in ms~') of the particle is zero, the speed (in ms-') after 5s is :
U&H 0.2 kg TSI BT BV Udh 91 & =9, ol &b Yo fgd afdd 0.5 W &0 &1 <al &, Uab feem &
el 21 9k 91 & URMWS Wit Y 8 99 55 91 39! TR (ms~1H) 8°n ;. [JEE-2013 ; 4/60]

5

E=Pt=05Wx5s=25J=12mv? = v=5m/s
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Work, Power & Energy ﬂ—

4,

Ans.
Sol.

5%,

Ans.

Sol.

Consider an elliptically shaped rail PQ in the vertical plane with OP = 3m and OQ= 4m. A block of mass
1kg is pulled along the rail from P to Q with a force of 18 N, Which is always parallel to line PQ (see the
figure given). Assuming no frictional losses, the kinetic energy of the block when it reaches Q is (n x 10)
joules. The value of n is (take acceleration due to gravity = 10 ms—2)

o & fearg 1 e <" qaeR el (rail) PQ St d@ # Rerd & @ gRIf OP=3maan0Q=4m ¢ |
1kg &9 & TP e &l el WP A Q T@ 18 N a1 & Hien Wil &; 9o @) fa=m &g 3@ PQ &
AR © (frF <Rad) | 9901 & SR 8 arell &fd $1 9 9g 49 gY ed @ fAg Q W Ugad WR DI
A St (Nx10) S B 1 n &1 AF & ([HAT @R B A = 10ms2):

[JEE (Advanced)-2014 ; P-1, 3/60] WPE

5

WEe+ Wg=Ki— Ki

18 x 5+ 1g (—4) = K;
90 - 40 = Kt

Ki=50J = 5x10J

A particle of mass m is initially at rest at the origin. It is subjected to a force and starts moving along the
x-axis. Its kinetic energy K changes with time as dK/dt = yt where X is a positive constant of appropriate
dimensions. Which of the following statements is (are) true? [JEE (Advanced) 2018 ; P-2, 4/60, —2]
(A) The force applied on the particle is constant

(B) The speed of the particle is proportional to time

(C) The distance of the particle from the origin increases linearly with time

(D) The force is conservative

S (mass) m & U YT weld H ol fdg (origin) WX foRmmE=en # 2| %9 W UH 9 T A I8
X-318 WX IS Il B SR B DI Afaer Sl (kinetic energy) K, ¥ & Wil dK/dt = 1t & AR
gRafdd it 8, Siel A Ud Sfaa faAmsil aren g-icAs 3 (positive constant) & | fr=foRaa wemi &
dA B A @) 98 2 @) ?

(A) BT TR ST AT g 9T (constant) ®

(B) FU1 & AT FHA & FAGUIIS (proportional) &

(C) &1 &l o fig & T @1 T g, FHI & W ¥ T 4 (linearly) gt 2

(D) 91 w=efl (conservative) @

(ABD)
mvd—v=%=yt vdv= L tdt
dt dt m

2 2
v — T t_ =V ot

2 m 2
(cjj_\t/ =constant fI9 = F = constant fA3a
dx

oc t =X o 2
dt
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Work, Power & Energy

/\g

6.

Ans.
Sol.

A particle is moved along a path AB-BC-CD-DE-EF-FA, as shown in figure in presence of a force

force F will be joule

F= (ocyf+ 2ocx])N, where x and y are in meter and a. = =1 Nm~'. The work done on the particle by this

Th HU P qol ﬁ:(ayhzax])N,Gi%“Txsﬁ?ymﬂﬁﬁmﬁ%am o =-1 Nm'8 & SuRfq 3

AB-BC-CD-DE-EF-FA 1 W fRETgR Il Sl 21 91 F gR1 &9 R &3 W $1&d &1 afkem
[JEE (Advanced) 2019 ; P-1, 3/62]

__ I (joule) B |

0.75
dW = Fdr
dW = aydx + 2axdy

A— B,y =1 constantdy = 0

B—C,x=1consthatdx =0
C—->D,y=05dy=0
D>E,x=05dx=0

E—>F,y=0,dy=0,
F>Ax=0,dx =0,

= +3/4J = 0.75J

1.0 > B
1
1
1

08 |booo < C

Wa- s = Iocydx = (x.1“:dx =o

Ws o ¢ = 201 L dy = —20(0.5)= ot
0.5
o

W j d %R
cobp= |oaydX = o.— |dx=——
. 2 4

Whb-E = 2(1.[Xdy = 20(.% j.dy
05

WEeLF=0

Wr5a=0

_Sa _
4
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Work, Power & Energy ﬂ—

7.

Ans.

A block of mass 2M is attached to a massless spring with spring—constant k. This block is connected to
two other blocks of masses M and 2M using two massless pulleys and strings. The accelerations of the
blocks are a1, a2 and as as shown in the figure. The system is released from rest with the spring in its
unstretched state. The maximum extension of the spring is xo. Which of the following option(s) is/are
correct ? [g is the acceleration due to gravity. Neglect friction] [JEE (Advanced) 2019 ; P-2, 4/62, —1]
2M S BT Ud Jedl Toh IReH R, foaed R s ks, @ 99g g1 I8 eal &l 3 M 3R 2M

HM b edi | &l 9REM Yferdi Td SIRAT gRT ST B | YEdl BT @ROT ar, a2 AR as & o b R d
T T 21 39 e @ Rer g R @t ifddm (unstretched) SRR | BIST ST ¥ RERT @
31 Reama (extension) xo B | F=ifolRad womi # & @9 @@) 98 3E) ?[g THOT @R ¥ | wYor
Sueriir 2]

2M

ai
—

2M

(1) At an extension of %Oof the spring, the magnitude of acceleration of the block connected to the

springiss—g
10
4Mg
2) xo= —
(2) xo ”

(3) When spring achieves an extension of X?O for the first time, the speed of the block connected to the

spring is SwaM
5k

(4 a—a;=a;—2a,
(A)m@nm%am%%aaﬁdﬂﬁqéngaiwmqﬁmw ?—gg‘m%l

(B)m:%
(C)m@ﬂm@mmm%m%aﬁﬁmﬁsﬁgwaﬁvﬁmm 3gJ5M:€ﬁm%|

(D)a,-a;=a,—a,

(4)
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Work, Power & Energy
Sol.

2M

g—fm‘nw— — e

2ai =az + as
ai—as=az—at
for other options use m equivalent

3 fawed & forg Joam &1 WART & B |

ﬁ _|_-

T 2(2m)(
g' 2m+m 3
2T _8m
g 3
4m(2m) 8m
meq = = —
m+2m 3
,.-‘r-'-fmmv 2m
8m/3
1 2 8mg
—kx2 =29
50 3 0
_16mg
07 3k
Vv % Xo o= Xo K

2m+ —
3

2_Xo 3k _3k¢, _8g
4 14m 42m 21

_Xg 3k - g
sm 2 \14m

32

21k
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Work, Power & Energy ﬂ—

PART - Il : JEE (MAIN) / AIEEE PROBLEMS (PREVIOUS YEARS)

AT - 11 : JEE (MAIN) / AIEEE (0Bl a8f) & U

Ans.

Sol.

Ans.
Sol.

At time t = Os a particle starts moving along the x-axis. If its kinetic energy increases uniformly with time
‘", the net force acting on it must be proportional to :
TG t = 0s W TP BT x-31&T UR A R IRl & | I IFH! TRt ot F97 & A1 Y qAE w4

H g€ W& B, 99 99 R HriEfia uRum 9@ s9& wergurh 2 [AIEEE 2011 (11-05-2011), 3/120, —1]
1

(1) constant Reris  (2) t (3*) —= @) t
Jt

(3)

K.E. =ct

1

—mv2 =ct

2

P2

— =ct

2m

P = «/2ctm

F= % -J2cm % xlt

When a rubber-band is stretched by a distance X, it exerts a restoring force of magnitude F = ax + bx?
where a and b are constants. The work done in stretching the unstretched rubber-band by L is :

2 3 2 3
(1) aL? + bL3 ) % (al? + bL?) (3% % + % (4) %[% + %}

9 U IS B Vool DI X G AP @il Sl § ; 99 IRAM F = ax + bx2 &1 & JI949 9 Il ©
T8l a Td b ReRi® 2| fa71 a1Fd 398’ & Beol &1 L9 fOiRa &= # & &1 & 2
[JEE (Main) - 2014, 3/120, —1]
al® bl . 1£aL2 bl_?’]

1
1) al? + bL3 2) — (alL? + bL3 3) —+— =
(1)al®+ ()2(a+) ()2+3 ()22+3
(3)
Work done is streching the rubber band
IR 9ve B e # fHar @ s
2 3
W= J.L(ax+bx2)dx=£+£
0 2 3
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Work, Power & Energy

3.

Ans.
Sol.

/\g

A point particle of mass m, moves along the uniformly rough track PQR as shown in the figure. The
coefficient of friction, between the particle and the rough track equals p. The particle is released, from
rest, from the point P and it comes to rest at a point R. The energies, lost by the ball, over the parts, PQ
and QR, of the track, are equal to each other, and no energy is lost when particle changes direction

from PQ to QR.

[JEE (Main) 2016; 4/120, — 1]

The values of the coefficient of friction p and the distance x(= QR), are, respectively close to :

m S BT U6 fdg 97 U FRex U PQR (R IRe) R = 81 2| S 3R 99 & §rg 999 o1
U2 PIT P BIS O & 91§ R U9 TR &P ol 2| 9 & 9 PQ iR QR R Fa1 3§ HU1 gRI
@d P T3 FHol RER 2 | PQA QR W B aTdl N 95a@ § HI3 SHolt @d a1 8l |

T w3 G x(= QR) & A I & HH

T

-y
]

‘--l N --’
3

30° R

P
A
1
1
1
1
h=2m
i
i
v 302 R
& gag —» Q
(1) 0.2 and 3.5 m (2*) 0.29 and 3.5 m
(1) 0.23R 3.5m (2*) 0.29 3R 3.5 m
(2)
P
y
h
\ 0
< A B
h/tan® X
h h
Given that ez mr & 209N _ g HMY
tano tan0
2 4L, [land
tano 2
p=0.29
h
x= ——=2J3 =35m
tano

Horizontal =——p Q
Surface

(3) 0.29 and 6.5 m (4)0.2and 6.5 m
(3) 0.29 3R 6.5 m (4) 0.23R 6.5m
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Work, Power & Energy ﬂ—

4,

Ans.
Sol.

Ans.
Sol.

Ans.

A person trying to lose weight by burning fat lifts a mass of 10 kg upto a height of 1 m 1000 times.
Assume that the potential energy lost each time he lowers the mass is dissipated. How much fat will he
use up considering the work done only when the weight is lifted up ? Fat supplies 3.8 x 107 J of energy
per kg which is converted to mechanical energy with a 20% efficiency rate. Take g = 9.8 ms—2

T REAS IR Bl U8l HWR AR R A T A1 & | I8 A Al © b % 9R B FW o 91 |
PR B & AR A9 A RS Sl &1 T BT © | IWR P GE Foll Il © Al AT Holl J
I B | A of & a1 gR1 & TS $Hoit 3.8 x 107 J U kg HR &, TAT 3BT A 20% TSR Hoal |
georal B 319 A} Udh WRIdedd 10 kg & WR B 1000 IR 1 m @ JAE 06 SUR 3R A1 Hal 8 a9

IS IR A I BT & B : (g =9.8 ms27) [JEE (Main) 2016; 4/120, — 1]
(1) 6.45 x 1023 kg (2) 9.89 x 103 kg (3*)12.89 x 103kg  (4) 2.45 x 103 kg
(3)

Let m mass of fat is used.

AT 91 BT m SIAM TG g7l & |

m(3.8 x 107) 1/5 = 10(9.8)(1) (1000)
9.8x5

53 = 1289 x 102 kg

M= 38x1

A time dependent force F = 6t acts on a particle of mass 1kg. If the particle starts from rest, the work
done by the force during the first 1 sec. will be : [JEE (Main) 2017; 4/120, —1]
1kg SAM &1 Ub U UH 999 9= R (time dependent) 96 F = 6t &1 31g9d d=al 2| afe H01

faRTHTaRe W ToAar 8 1 UBA 1 AHvS H 9 T b1 AT BRI B |

(1) 18 J (2" 4.5 (3) 22 J 4)9J
(2)
WF=6t

a= F. B = 6t

1
et
dt
dv = 6tdt
Vv \
Idv:GItdt
0 0

1

W = AKE = Ke = Ki = 2 (1)(3)2= 45

A body of mass m = 10-2 kg is moving in a medium and experiences a frictional force F = —kv2. lts initial
speed is vo = 10 ms'. If after 10 s, its energy is %mvg , the value of k will be :

m = 10-2 kg S| &1 Teb fUvs Tep wred § 7Y @R Y& § SR Teb b¥0l gl F = —kv2 &l 3g9d &Rl ¢ |
f4us &1 YRS 97 vo =10 ms' € A 10 s P a8 SFSH! ol %mvg g 1 k&1 919 B |

[JEE (Main) 2017; 4/120, —1]
(1) 10-'Kg m-'s-" (2) 10-8Kg m-" (3) 10%Kg s (4*) 10-4Kg m-"
(4)
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Work, Power & Energy ﬂ—

Sol.

Ans.
Sol.

Ans.

F =—-Kv2
mY _ 2
dt
v t
jv’zdv=J—£dt
Vo 0 m
1 5, 1 5 A
After 10s, u=ard, KE = —mv® = —mvy V= —
2 8 2
vo/2
{_1} __ky
v, m
-2
E_l :Et = k = ﬂz 10
Vo Vo) m Vot 10x10
k =10 kg m-

A particle moves in one dimension from rest under the influence of a force that varies with the distance
travelled by the particle as shown in the figure. The kinetic energy of the particle after it has travelled
3mis:
TP HUT U g1 b YA H AR faRAT | T URS BT & | 9, HU §RI Feil 3 & AJAR 39 TR
uRRafia grar @ o o for § swiian T 21 3m 0 I & 9] SO B RS FHodl ©

[JEE (Main) 2019; 4/120, —1]

3
Force T
(inN 2
155 : : i
| E | P
1.2 3 X 1. 2 3 X
Distance—» CRll L~
(inm) (inm)
(1)5J 24J (3)25J (4)6.5J
(4)
W = ki — K

W=2x2+12x(2+3)x1=ki=4+25=65J
th
A uniform cable of mass 'M' and length 'L' is placed on a horizontal surface such that its (—J part is
n

hanging below the edge of the surface. To lift the hanging part of the cable upto the surface, the work
done should be :

th
W'M'awwﬁ’uaﬁwwmzﬁww%WWWW?@%%W[%) TS
P FT FHAA B PR A A ACH 2| T dch g DA D B D WHAA T HW diad b oy

far T S8R [JEE (Main) 2019 _09-04-2019_Shift-1]
2MgL MgL MgL

(1) 2 (2) 2 3) o (4) nMgL

(3)
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Work, Power & Energy ﬂ—

Sol.

Ans.
Sol.

10.

Ans.
Sol.

A 60 HP electric motor lifts an elevator having a maximum total load capacity of 2000 kg. If the frictional
force on the elevator is 4000 N, the speed of the elevator at full load is close to :
(1HP =746 W, g = 10 ms™) [JEE-Main-2020, 07 January; 4/100, —1]
AfFHTH 2000 kg B Hel WR A Tl UF Yefidex B 60 HP ATl Tdh HIeX $HUR &I MR Il 2| Ak
Uelldey WX o dTal =99 g 4000 N &1, a1 QX1 &Ffal ¥ WX gU Qelldex &1 a1 6 9 fhas
freeaa 8 :(1HP =746 W, g = 10 ms—)
(1) 1.5 ms™! (2) 1.9 ms™! (3) 2.0 ms™! (4) 1.7 ms™!
(2
4000 x V+mg x V=P

60x746
4000+ 20000
V=186m/s. ~1.9 m/s.

A particle (m = 1 kg) slides down a frictionless track (AOC) starting from rest at a point A(height 2m).
After reaching C, the particle continues to move freely in air as a projectile. When it reaching its highest
point P(height 1m), the kinetic energy of the particle (in J) is : (Figure drawn is schematic and not to
scale; take g = 10 ms=) ...... .

o A fe@m M avvRfed 99 AOC R 1 kg S&HM &1 T Ul fog A (Sa1s 2 Alex) ¥ faRmmEwen |
H BIAR A B AR Herar & | 5 C R Uga & 918 I8 Y Yel™ (projectile) & = &a1 H Treld
Bl 2| 9 I8 AU Seaad fovg P(SATE 1HIeR) R U, A 9D TS it (J H) T A BAT
(fegman a1 form wiafa® 8; g &1 A 10 ms=2a) ... : [JEE-Main-2020, 07 January; 4/100]

A e Height P

10
KE = PE1 — PE2 = mght — mgh2
=1x10x2-1x10x1=10J
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Work, Power & Energy ﬂ—

11.

Ans.
Sol.

Sol.

12

Ans.
Sol.

An elevator in a building can carry a maximum of 10 persons, with the average mass of each person
being 68 kg. The mass of the elevator itself is 920 kg and it moves with a constant speed of 3 m/s. The
frictional force opposing the motion is 6000 N. If the elevator is moving up with its full capacity, the
power delivered by the motor to the elevator (g = 10 m/s2) must be at least :

UH SARG H & U UeildeR ¥ 3iI|d Sgd 68 kg @ Af¥dad 10 Afdd ST Aahd © | WMell YelldeR &l

TAE 920 kg ® 3R Ig 3 m/s A W TeIdl ® | Yelldex R oV aTall 'Y g1 6000 N 8 | If} Telldex
U JAMAHTH &l TP W1 AT HUR DI IS V&1 81 Al AP AT ATl AIER §RT &1 S dTell id

wIfdd &1 719 8 : (g = 10 m/s?) [JEE-Main-2020, 07 January; 4/100, —1]
(1) 62360 W (2) 56300 W (3) 48000 W (4) 66000 W
(4)

Net force on motor will be
Fm =[920 + 68(10)]g + 6000
= 22000 N
So, required power for motor
Pm=F,.V
=22000 x 3
= 66000 watt
Are} IR URUHl g BN
Fm =[920 + 68(10)]g + 6000
=22000 N
T AR DI IMMaTTH el

Pn=F,.V
=22000 x 3
= 66000 watt

Consider a force F= —xf+y]. The work done by this force in moving a particle from point A(1, 0) to

B(0, 1) along the line segment is :
(All quantities are in Sl units)

IMADT Th g1 F=—xi+yj a1 T 2| T ®u1 &1 g A(1, 0) § a5 B(0, 1) 9@ forsy & fewrh i
G R of O H 39 91 §R1 fan 11 3 8Fm: (9 IRmET SIH & = 2 )
[JEE-Main-2020, 09 January; 4/100, —1]
y
A

B (0, 1)

0, 0) A(1,0)

i

M 5
(4)

W :jﬁ.dé

(—xf + y]).(dxf + dy])

0 1 2
I xdx+J.ydy= XY
1 0

]
=(0+lj+£lj =1J
2 ; 2 o 2 2
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Work, Power & Energy ﬂ—

Il High Level Problems (HLP)

. Marked Questions can be used as Revision Questions.

= Fifed e Seem arFg ueE 2

SUBJECTIVE QUESTIONS
faSAITI% Y99 (SUBJECTIVE QUESTIONS)

1. A block of mass 'm ' is pushed against a spring of spring constant ' k' fixed at one end to a wall. The
block can slide on a frictionless table as shown in the figure. The natural length of the spring is Lo and it
is compressed to one-fourth of natural length and the block is released. Find its velocity as a function of
its distance (x) from the wall and maximum velocity of the block. The block is not attached to the spring.
SIAM 'm ' BT UH Yedl YT e k' s R [Ser te (AR te SaR ) Red & @ fIwg gaen
S g | edl NIRRT Al R AR fhad 9adr 2| R @1 Ueiae W= Lo U9 I8 WHid
TS D YD AAE aB GRS fBal S & Td [CHl Bl QA1 Sl & | $961 97 SR 9 T (X) &
A1 Hod & w0 H U9 JRHIH 97 IARM ? TeH T A ST g3 e 7 |

2
Ans. v= k(3L —(LO—X)2 whenﬂax<Lo;vmax=3L°thenGﬁ x > Lo
m 4 4 \'m

2
Solution: l k 3L, =1 mv? +l k (Lo — x)? when 9 x < Lo
2 2 2

= - K {ES:OJ (L, —x)z}

2
when\_rlTserLolK % =lmv2 - V=%\/E
2 \ 4 2 4 \'m

3L fk
which is also the maximum speed of the block. Thus, Vmax = 4 4=
m

aﬁﬁsaﬁzﬁaﬁaﬁwmﬂﬁélmvmamsio\/g
m
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Work, Power & Energy ﬂ—

2.

Ans.

Sol.

A block of mass m rests on a rough horizontal plane having coefficient of kinetic friction pk and
coefficient of static friction ps. The spring is in its natural length, when a constant force of magnitude

Sy, mg

P = starts acting on the block. The spring force F is a function of extension x as F = kx3.

(Where k is spring constant)
A M ®T TP [edl U GRax Afdsl ad W @1 &, e wfde avor sy g @ifas =y qoris

usﬁlﬁdﬂwﬂ%w%?ﬁmﬁ%,mwﬁaﬁwP=5%¥WWWWWQW
BT 2 | R &1 9 F 39 fOR x &1 U %o F = kx8 2 (S8l k R Faaia )

K _ 5umg
psv uk m rough
T firirririiioriyiiyiyy
(a) Comment on the relation between ps and pk for the motion to start.
(b) Find the maximum extension in the spring (Assume the force P is sufficient to make the block

move).
(a) A & IR™ B & ol ps T uk § G99 IR fewol &7 |
(b) & ¥ ffead R g #R1 (I8 9 i 9 P s &l g™ & forg uafa 2 )

1/3
(a) 5> 4us s (b) X = (“Kngj

(a) For motion to start It ™ 89 & forg

S, mg

4 > usmg or 5Suk>4us

initial position final position
no extension max. extension = x
K u=0 v=0
R P

-»> m [—

m
IJsv k ! |
TI7777777777777777777777777777777777777777777

(b) 2

uRfe Refa siftm Rafa
P15 AR 781 aifdedd RaR = x
K Iu=0 v=0

TP P
L--» m —>

LLALARANAN

[

K 1 1
T777777T77777777777777777777777777777777777777

<>
X

At the final position of the block extension in spring is maximum and the speed of the block is
v = 0. Hence the net work done in taking the block from initial to final position

AW = work done by P + work done by spring force F + work done by friction = AK =0

T o arfvm Refd R R & IR afieaw & wd e &) a1 v = 0 B 31 e & URMG |
Jifvas Refd 9% of oM # 5 T |t 10

AW = P gRT fhan a1 & + Ruv 91 F gRT {51 11 &1 + 9991 gRT fhar 1 & = AK = 0

X
Su,m 4
=PX—J‘KX3. dX*“kmgX= Mk—g_)(_ kqukmgx=0
0 4 4
g\
solving we get 8 &- WX X = (MKTQJ
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Work, Power & Energy ﬂ—

3. A particle of mass m = 1 kg lying on x-axis experiences a force given by law
- N
F =x(3x-2) iNewton,
Yy
I - X
x=0 x=4

where x is the x-coordinate of the particle in meters.

(a) Locate the points on x-axis where the patrticle is in equilibrium.

(b) Draw the graph of variation of force F (y-axis) with x-coordinate of the particle (x-axis).
Hence or otherwise indicate at which positions the particle is in stable or unstable
equilibrium.

(c) What is the minimum speed to be imparted to the particle placed at x = 4 meters such

that it reaches the origin.

T $HYT BT SIAF m =1 kg e I8 x-318 W W@ & a9 98 F =x (3x—2) | Y 31g9a &=al 2 |
STEl X BT BT x-ferid Hiex # 2 |

y

A

x=0 X=4
(a) x-318T R 9 o5 9188 TRl U1 ARIER) ¥ g |
(b) o F (y-3181) BT B & x-M<eid (x-3167) & |1 A Gl |
ra: ug gargy e Ruforl § wor el an sRerdl araraRen § 2 |
() X =4 ¥R R W FU H fa ATH T @ 9 qIfF T8 g g aF Ig |

2
Ans. (a) x=0and 9T x =— m

3
Q
(b) x=0 N__A4=213 *

2
The particle is in stable equilibrium at x = 0 metre and unstable equilibrium at x = 5 metre

x=0WWTWWWﬁHX=§WWWWQHﬁ§I

(€) V= @m/s
\} 27

Sol. (a) The particle is at equilibrium when F =0
9 F =038 a HU1 |rgaee] 4 8l & |
= x(8x-2)=0

= x=0andx= —m
3

?Wx:OEfx:%WWﬁ%l
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Work, Power & Energy ﬂ—

q
(b) x=0 [(N_A=213 *

2
The particle is in stable equilibrium at x = 0 metre and unstable equilibrium at x = 5 metre

. dF d*U 2 dF d*U
Sinceat gfb x=0R —<0 = —>0andat IR x=— MR —>0 =—<0
dx dx 3 dx dx
: 2 .
x =0 UR B W) ArFGTaRe] § 9 x = — HIex UX SRR Ararawe H 2 |
- : : . 2
(c) The minimum speed imparted to the particle should be such that it just reaches x =§ from

there on it shall automatically reach x = 0

wmé’rﬁwwwuwgﬁ:ﬁaﬁ%ﬁmﬁsaﬁwx=gWﬁﬁﬂﬁﬁ%x:%0

3
TP W@l Ugd SR |
2/3 2/3
Dme—s [Fax=- [ x(@x-2)dx =920 orar = /_2600 i
2 4 Y 27 27

A ring of mass 'm' can slide along a fixed rough vertical rod as shown in fig. The ring is connected by a
mg

4
spring of spring constant k =T where 2 R is the natural length of spring. The other end of spring is

fixed to the ground at point A at a horizontal distance of 2 R from the base of the rod. If the ring is

released from a height of 3R/2 & it reaches the ground with a speed \/3gR, find co-efficient of friction
between the rod & ring.

TIEE 'm’ @ TP g RAGER U6 Ssd GRaN] FEER B 3 ordfey fbaa Addl ¢ | aog R
Wk=%$@ﬁﬁﬂﬁ@@%ﬂﬁZRWTEI%WW%I@‘TWCQNI&RTH%MM
WRIg AR B & R ¥ 2R W I & | I 9o &R_1dal ¥ 3R/2 HaTs W BISI Wil & Td I8

aera extad W L[3QR @ W wgad ¥ | B 9 gerd b wed BN qUih S B |

3R/2

2R
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Work, Power & Energy ﬂ—

Sol.

Ans.

Using work energy thoerem, &1 3ull U#T A
3R 1(4mg)(RY 1 [ @&\

.1
= Wi=—— mgR
2

f
X
!
= f =N (as kinetic friction)  (7Ifaras =fon)
Wf=jfdx=Iqucosedx (x=2Rtan 0 ; dx =2 R sec? 0 db)
Fs=k 2 R(sec 6 — 1)
Wf=u_[ k2R (secO —1)cos O x 2R sec?0dO

0
Wi =4 R2 pk J (sec20 —sec 0)d6 0o = tan 1 (3/4)
0,
0 mgR
=4 R2 uk [tane —/n (secH + ’[ane)]e = —4R2pk [tan B0 — In (sec Bo + tan 0,)] = marw

= 4 R2 pk §—£n E+§ =F{2;,Lk[3—4/n2]=&R
4 4 4 2
mg = 1 Ans.

" 2Rk(3-4/n2) 8(3-4/n2)

1)

A block of mass m1 is kept over another block of mass mz and the system rests on a horizontal surface
(as shown in figure). A constant horizontal force 2F acting on the lower block produces an acceleration

———— in the system, the two blocks always move together. (a) Find the coefficient of kinetic
(m1 + mz)
friction between the bigger block and the horizontal surface. (b) Find the frictional force acting on the

smaller block. (c) Find the work done by the force of friction on the smaller block by the bigger block
during a displacement x of the system.

RAER mi S99 $T UH Jedl me S99 & Uh gk ed WR W1 © d o Sfael dds W Il

%IQEB&?%G{HF{EWWWWH%@ﬁWﬁmeM ST FRT B, IMI Ieb

(m; +m,)
|39 P A1 I BRI 2| (a) I$ b g Afael 9d8 & AqeG Tfasl G901 Ol A1 DI | (b) BIC e
R HRIRT G0 g F1d DI | (c) e & favemms x & ol 93 e R BIC ed R ONY §d gRI
b a1 B wd B |

m, —2F
F m,F m,Fx
(@ ———— c
(M, +m;)g (m;+m,) (M, +m,)
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of (b)

of (a)

Ans of (c)

Work, Power & Energy
F F
Solution : a=———— fi=ma=m —— Ans.
—h (m; +m,) (m; +m,)
—>a
f, €<—
f, «—1
2F —f1 —fa=mea
—fo=—2F + f1 + mea =mia + mea — 2F
—f2 = (M2 + m1) —2F=F-2F=-F = f2=-F
(m, +m,)
m| —a
m, —> 2F
N
Ty
v (mz + m1) g
2F — pk (M2 + m1)g = (m2 + mi)a
F F
2F—(Mm2+my) ———— =k (M2+Mi)g > ———— =K Ans.
(m; +m,) (m, +m,)g
W = work done by friction force on smaller block ®I¢ e& W O g gRT a1 71 Hr
m,F
=fix= ————x
(m2 +m1)

Ans

Sol.

. (@)

A box having mass 400 kg is to be slowly slide through 10 m on a horizontal straight track having

friction coefficient 0.2 with the box. (a) Find the work done by the person pulli

ng the box with a rope at

an angle 6 with the horizontal. (b) Find the work when the person has chosen a value of 6 which

ensures him the minimum magnitude of the force. [g = 10 m/s?]

T&H 400 kg S BT G956 IR—GR &S g 97 W 10 m TR A & STaH1 55 & Aq1 gy

faai® 0.28 | [g =10 m/s?]

(a) &fIST & A1 O DIV I & Th TR H G5H Dl Eig =® Afdd g1 A 7 FR A wA |
(b) BRI ST BRI SId AfdT O BT VAT A1 FAdT & fb U YAdd GRATY BT 9l N1 TS |

MJ (b) 7692.31 J 7690 J
5+tan0
F
N
1 0
! , —a
UN<—
lmg
mg=N+Fsind ... (1)
uN=Fcos6 ... (2)
umg=Fcos 0+ pFsino
S LU N 3)
CO0SO+pusin®
w. H mgcos6(10) _ 40000 Ans.

CosSO+pusind 5+tan0

Fis min. if D = cos 6 + p sin 6 is maximum and its maximum value is «ﬁ + ;12
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Work, Power & Energy ﬂ—

Ans.

F =g & I D =cos 0 + psin 0 Afrbaw & den gl Afiead a9 1+ p° 2|
umgy1+p®  umg

ST T

umg 10

«ﬁ +p? «ﬁ +p?

pu=0.2, mg =4000 Nt
(0.2)(4000)10
W, -

" (J1+(0.22)
_ 400x20 8000
(\1+0.04)2 1.04

A small bead ‘B’ of mass m is free to slide on a fixed smooth vertical wire, as indicated in the diagram.
One end of a light elastic string, of unstreched length a and force constant 2mg/a is attached to B. The
string passes through a smooth fixed ring R and the other end of the string is attached to the fixed point
A, AR being horizontal. The point O on the wire is at same horizontal level as R and AR = RO = a.
m S BT Bl Al ‘B’ UeRia fas # Reud Swfer s drR ) e & fog waa= 71 sifaaRa
TS a 91 9 FRdie 2mg/a &1 ged! TRI AT BT U RART B A ST g7 © | X1 Sfeaq e
g R 9 UIRd Bkl 88 gk R 9 Rer fdg A9 ¢l g8 8| AR &S 8| R R fdg O g R &
T A WR R 39 USR8 f AR=RO=a
(i) In the equilibrium position, find OB.

AraraRen Refa §# OB S1d &R |
(ii) The bead B is raised to a point C of the wire above O, where OC = a and is released from rest.

Find the speed of the bead as it passes O and find the greatest depth below O of the bead in the
subsequent motion.

Od SR R W Red fd5 C % AN B $1 of ST Sl & | I8 OC = a Jo1 s9h] Rermawen | srel
ST g1 O WIRT B R Al H1 Al S1d BRI qAT AW dl T & fow O & i AR 31 aifdwas g9
BISEERE

Fmin. =

WFmin =

=7692.307 J Ans.

C

() OB =a/2 (ii)v=+l4ag ,d=2a

mg
mg =T cos 6

/\
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Work, Power & Energy

2N [ 22 gl | X
mg_a [a+x+a a} (\/324-7)(2)

a
X= —
2
[ Q!
a 2a*
o (N ) E
a
(i
; e a’+a’
1 2 1 1
—K («/2a) +mga=— K(2a—a)2+ —mv?
2 2 2
1(2m 1
~ (8 (2a?—a?%) + mga= —mv?
2\ a 2
=.40a =v
a J?a
o -— E
5
(i) VJ/ "
RN
1 2 1 EE
EK («Ea) +mga= EK(Ja +Yy ) -mgy
1 1
§K2a2 +mga = > K(a2 + y?) — mgy
1 2m 1 2m 1 2m
~emg 2a2+mga=——g a2+——g y2-mgy
2 a 2 a 2 a
2
3mga—-mga= gy —mgy
a
mg y*
2mga = T— mgy
2a? = y2—ay
= y?—ay —2a%=0
y2 +ay —2ay - 2a?
= y@+y)=2a(y+a
= y=2a
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Work, Power & Energy

8.

Ans.

Sol.

-

A particle of mass m approaches a region of force starting from r = + co. The potential energy function

in terms of distance r from the origin is given by,

M S BT BT r=+ 00 fH 901 & &§F B WP A a1 & | a1 a5 4 3 r & @ R ot

B e —

u(r = K3 (3a2—r?) for,0<r <a & fou
2a

=K/r for,r> a & forw

where <&l K> 0 (positive constant &S i)
(a) Derive the force F (r) and determine whether it is repulsive or attractive.
F (r) SITa HIRTT G2 9argd 6 I8 smadvr uafa &1 8 a1 wfasdor yawfa & 2|
(b) With what velocity should the particle start at r = 0 to cross over to other side of the origin.

BT Bl r=c0 ¥ fHF I & QY AR BT A2 6 I8 9o g & TR RS IR 1 AMQ |

fz K
(c) If the velocity of the particle at r = o0 is |—— towards the origin describe the motion.
am

I r=00 TR B BT I g B REH  |—— B a1 A BT FHMRM |
: 3k
(a) 9fa@yoT repulsive (b) v > am (c) stops atr = a & then reachestor=c. r=a W ¥& 9l ©
g fhR r = o0 R U B |
du K K
a =§(—2) = F(r)=a—3r
?(I’):(—Srjf for0O<r<a
a
?(r):ﬁzf forr > a
r
~K>0

. forceis +ve 9l YHIHD B
force is repulsive g Uf®yl & Ans.

lmu2+0=O+K3r::;2
2 2a
, 3K 3k
W= —= U=,|— Ans.
ma am
1 2k
—m—+0=0+P.E = PE=— = r=a
2 am a

Ans.
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Work, Power & Energy ﬂ—
9. A uniform string of mass ‘M’ and length 2a, is placed symmetrically over a smooth and small pulley and
has particles of masses ‘m’ and ‘m” attached to its ends; show that when the string runs off the peg its
..‘J M+2(m-m’)
velocity is ¥ .{———————ag Assume thatm >m’.
M+m+m
‘M STHM TT 22 R @ 96T IR e BI iR 9 wufid wu 9 <@ g8 91 ‘m’ 9o ‘m”
TIEM & FU 59d a (R A 99 U B | UeRid &1 5 o9 =0 g 31 vig W& B a9 sHdT 9N
M+2(m-m’
\/ ———L——ﬁlag BN AT m>m' B |
M+m+m
Sol.
Su
N
N
M2, | M2a M, 2a
a
mo eem em
. a , 1 .
—g[ma+ma+M§] =—g[m2a + m0 + Ma] + E (M + m + m“)v?
Ma .
2q2ma—ma+Nb—4§~—ma] J M= 2(m—m)
=V v= ,/aJ———— Ans.
M+m+m' M+m+m
10. A single conservative force F(x) acts on a 1.0 kg particle that moves along the x-axis. The potential

energy
U(x) is given by : U(x) = 20 + (x — 2)?
where x is in meters. At x = 5.0 m the particle has a kinetic energy of 20 J.
e WeN g F(x), 1.0 fBum & Ho1 S x-3181 & ey I &_er 8 R Hd FRar 2| Refos st U(x)
71 yeR @ STl B
U(x) =20 + (x — 2)?
el x #Iex § 8| x =5.0 M. W FH7 @ TS it 20 J B |

(i) What is the mechanical energy of the system ?
T @ Fif3e Sott fha & |
(i) Make a plot of U (x) as a function of x for — 10 m < x < 10m, and on the same graph draw the

line that represents the mechanical energy of the system.
—10m<x<10m @ foIY x & ®ald & ®I H U(x) BT 9% 915 TG Il U TR 98 IET g8
S e & Fifye Sot Byl e 2|

Use part (ii) to determine

1 @1 I B B AT | (i) BT [START DI |

(iii) The least value of x and
X &1 gATH A9 g

(iv) The greatest value of x between which the particle can move.
X BT NfHaH A 8 757 B 1Y H AHT 2 |

(V) The maximum kinetic energy of the particle and

B Bl AfHTT AT ol vd

/\
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Work, Power & Energy

Ans.

Sol.

(vi) The value of x at which it occurs.
$9® B @ fog x &1 911
(vii) Determine the equation for F (x) as a function of x.
X® B D U H F(X) B THIGIO STd DHIFoTY |
(viii)  For what value of x does F(x) =0 ?
X ® fba 719 & forw F(x) = 0 8w ?
()49 J

v
x

7.38f-------
o

(iii)
(iv) —29+2 ~7.38 m (v) 29 J
(vi)

(

vi) X =2m (vii) F =2 (2 -x) (viii) x =2
Ux) =20+ (x—2)
du

— = 2(x-2)

X

-F=2(x-2)
F=-2(x-2)
mx-2)=—2(x—2)
Let x=x-2

mx =—2Xx

1x =—2x

X=—2X Simple Harmonic Motion ¥Rl 3fmad Ifal
Mean position is A1 Rerfd 8 x=x-2=0 = x=2

7 |

®- T T @

. 0 J\. J/

W2=2
1
Kinetic energy Ifast Suti = 5 mv2

(1) (0?) (A2—x3) =x-2,x=5-2=3

20=— (1) (2) {A>-37%

A=+/29

20=A2-9 = A2 =29 =

/\
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Work, Power & Energy ﬂ—

11.

Ans.

Aliter :
for mean position A& 3@ & ferg
=—ﬂ=—2(x—2)=0 - x=2
dx
Atx=5
K.E.=20J

Ux-5=20+(5-22=29J

Total energy &l &ufl, T.E. =20 + 29 =49 J
At amplitude 3™ TR

U(X)max =49J =20+ (X - 2)2

29 J = (x—2)2

x=2i\/2_9

X=2+ @, 2—\/2_9
xmin = 2 — 29 =-3.38
Xmax = 2 + 29 = 7.38

K.E.max when U is minimum at x = 2

TS Soll ST sl d ReIfast Sfl =g 811 |
U(X)min =20 J

KEmax = 29 J

A 1.2 kg collar C may slide without friction along a fixed smooth horizontal rod. It is attached to three
springs each of constant K = 400 N/m and 150 mm undeformed length. Knowing that the collar is
released from rest in the position shown. Determine the maximum velocity it will reach in its motion.
[Here A, O, B are fixed points.]

1.2 ke
C ] E

A

A

150 mm

148 vy v
3|u v v, g
1A 0 /

150 mm ™~ 150 mm

1.2 kg @1 BfeR C STedq e &fds B & ey 9 wvdvr & fhaa Foar &1 I8 09 R | g1
g 2| UAF w1 R fgdis K = 400 N/m Term 150 mm fawaiRa owamg 2 | 78 oa 2 f& yeffa Rufy
{ PleR BT ReRTE=AT § BIST ST 2 | $S! A & IR 3ffHad 97 91d BRI | [ I8l A, O, B Rer fig
2]

1?5{(\/5_1)2 _(JE—1)2}1/2m/s ~3.189 m/s
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Work, Power & Energy ﬂ—
Sol.  Velocity will be maximum when a =0

I IffHTH B e a=0%7

For a=0,F=0 & forQ

This situation occurs for ve following arrangement of springs.

Vimax D1 ReIfd Ry & for1 aven & o 21

— D>

150 150
Natural length is ¢ = 150 mm  WT&Hfi®d & 1S ¢ = 150 mm
Now 379 Ui + Ki = Ut + Kt
Ui= %K{x/gc—c}2+ %K{\/EC—C}Z
Ki=0

Ui =2. %K{\/EC—C}2
%K{\/gc—c}2+ %K{\/§c—c}2

= lmv2+2.1K{\/§c—c}2
2 2

Solving the equation & putting the values THIBRYT B A B 9 HAM @A TR B YIS B &
we have

V= ?{(\/5—1)2 —(J§—1)2}1/2m/s = 3.189ms™" .

12. A block of mass 4 kg is moved from rest on a smooth inclined plane of inclination 53° by applying a
constant force of 40 N parallel to the incline. The force acts for two seconds. (a) Show that the work
done by the applied force is not less than 160 J. (b) Find the work done by the force of gravity in that
two seconds if the work done by the applied force is 160 J. (c) Find the kinetic energy of the block at the
instant the force ceases to act in case (b). [Take g = 10 m/s?]
TEh 4 Kg S99 &1 el 53° gd dldl e Fade R favmEsen # @1 2, $9&6] 99dd & FHR
40 N &1 90 91 iR Eial Sffal 2| 9o &l 9hvs & ford & &Ral 21 (a) s2isy & Rifda 9
gRT f5an o &1 160 J @ &¥ 81 2| (b) I NI 91 g1 fhan 1 wrd 160 J & @1 |1 Adhve H
ToEd 96 N1 f&ar 1 & sa diford | () Reafd (b) 3§ Jea &1 fas Soil = diford {59 &1 9
PR BIAT §1 BT ©
(g=10m/s2 < |) [Take g = 10 m/s?]

Ans. (b)-128J(c)32J
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Work, Power & Energy ﬂ—

Sol.

13.

Ans.

mg
(a) Taking F=40N,m=4kg, 0 =53% o1 ®®
ax = (F cos a —mg sin 6)/m

4
=(40cos(x—40x§ )/4 =10 cos a— 8

Fsina 40sina .
ay = = =10 sin o
m 4

1
X=0x2+§ (10 cos oo —8) (2)2=20cos oo — 16

y = — (10 sin o) (2)? = 20 sin o

1
2

WEe = (F cos a) x + (F sin a))y

WEe = (40 cos a) (20 cos a. — 16) + (40 sin o) 20 sin o

=800 cos? a — 640 cos a + 800 sin? a.

WE = 800 — 640 cos a

WE > 800 — 640

WEe > 160 J
(b) If af We = 160 J then a1 160 = 800 — 640 cos o = cos o =1

y=0and T x=20-16=4

Wa = (—mg sin 0) (4)=(—4x10x% )4

=-128 J
(c) F acts along the x-axis. F, x-31&1 & 31Jfqe HRRA 3 |
Wg + Wk = AK
-128 + 160 = AK Ki =32 J.

There is a vertically suspended spring, mass system. When block of mass 10 kg is suspended from
lower end of the spring, it is stretched by 20 cm under the load of block at equilibrium position. When an
upward speed of 4 m/s is imparted to the block by giving a sharp impulse from below, how much high
will it rise from equilibrium position.

10 U1, ST9H &1 TP [edhl T FHeR RO & R A dcdl & S ARl 3§ Icd & IR & BRI
20 . | Al g% © | ed DI GG A T eV MM AT A B AMB TE FW B AR 4 AL/ B
Tl YT B of | T8 AFATaR] A fhaer SR o ? f&ar mar g = 10 /42

0.56 m =56 cm
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Work, Power & Energy ﬂ—

Sol.

14._

Ans.

K
0.2m
mg = kx
m 1
_ M9 = ﬂ=500N/
X 0
1 1
— K(0.2°+ —mv?=m x 10 x 0.2
2 2
1 1
E x 500 x4 x 102 + §x1OV2=10x10x0.2
10 + 5v2 =20
v2=2

V= \/Em/sT

Since uis 4 m/s ( 1) so block will compress the spring.
Let x be the compression of spring.

T u, 4 m/s (1) B 3@ Ted R & TRRT H A x R # wwie 2

%muz +%K(O.2)2 +0= %m(O)2 + % Kx2 + mg (x + 0.2)

100 2
80 + 10 = 250x? + 100 x + 20
25x2+10x—7=0 solving this 1 &1 T
x=0.36m
So from initial position distance is ( 0.2 + 0.36) m = 56 cm
A IR awel | 4 g1 (0.2 + 0.36) m =56 cm

1 1 4 1
Ex10(4)2§+ x500 x | —— |= —x 500 (x)2+ 10 x 10 (x + 0.2)

A certain spring is found not to obey Hooke’s law, it exerts a restoring force F(x) = —ax — sz if it is
stretched or compressed, where o = 48 N/m and B = 24 N/m2. The mass of the spring is negligible. An
object with mass 1 kg on a frictionless, horizontal surface is attached to the spring, pulled a distance 1m
to the right to stretch the spring and released. The speed of the object when it is 0.5m to the right of the
x = 0 equilibrium position is

T e BT g M ®1 s/gurer T80 BRal 8 | §9e g1 U YAMAT g F(X) = —ax — Px® SR
SITar &, afe g8 diad & a1 aRifsa el 8, STEf o = 48 N/m @ B = 24 N/m? 8 | R &1 germe 9oy
2| oo &t 9dg W T 1 kg SAM @ UH avg R A ST g8 & a1 39 A 3R 1m Wigaw
BIGN AIAT & | 9% &I ared a1 B 99 I8 Araee (x = 0) & RIfy & gt 3R 0.5m &R 7|

52 m/s
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Work, Power & Energy ﬂ—
Sol.  dU=-F«dx - Fydy — Fzdz

TdU = I(ax+[3x2)dx

x2 X3
U= a0—+ —

2 3
AU = —AKE

Ui — Ur = KEi— KE;i

58 (3G 86T o

a_a B B _ V2
2 8 3 24 2
v2 =50
v=5 \/Em/s
15. Wind entering in a wind mill with a velocity of 20 m/sec facing area of the windmill is 10m?2 and density

of air is 1.2 kg/m3. If wind energy is converted into electrical energy with 33.3% efficiency, then find
electrical power produced by the wind mill in kw.

Ugq gD H YA 9 B1 97 20 m/sec AT I TGP P AW &A% 10m2 & | a1g & 1.2 kg/m?
2| I Tdd SHoll P degd il H 33.3% T&EAl | uRakid f&ar Siar & a1 9ad G9d@l §R1 kw AFS H

I~ dEg TR A DIfoTY |
Ans. 16
Sol. Energy entering in the windmill
Uae o] § GAgg Sl
= 1 my?2
2

po JE _ (1\,2) (d_m]
dt (2 dt

P-—[lvzj(AV)—l A V3
n=13 - 4

Electrical power output

e degd wiferl

Pout = —( pAVSJ
1
6

Pout = %pAV3 =

Pout = 16 KW.

x1.2x10x(20)°

16. An engine can pull 4 coaches at a maximum speed of 20 m/s. Mass of the engine is twice the mass of
every coach. Assuming resistive forces to be proportional to the weight, approximate maximum speeds
of the engine when it puIIs 12 and 6 coaches are (power of engine remains constant) :

UH oM aR feal &1 Af¥ddaq 20 HMo/Ho o a1 A Eig Adhal B $99 I A TG fod &
SIAM BT &1 A1 © | IR i B IR & FATURN A a1 $99 gRT 12 91 6 S Wi wR aifdaas
Tl 1 BN (§9T9 B wfad g <& R) —

Ans. 8.5 m/s and 15 m/s respectively

HHIT: 8.5 Hlo/To 3R 15 Ho/Ho
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Work, Power & Energy ﬂ—

Sol.

17.

Ans.
Sol.

(A) When 4 coaches (m each) are attached with engine (2m)
according to question P=Keémgv. ... (1)
(constant power), (K being proportionality constant)
Since resistive force is proportional to weight
Now if 12 coaches are attached

P=K14mgv«+ L (2)
Since engine power is constant
So by equation (1) and (2)

6
6Kmgv = 14Kmgv1 = Vi = ﬁ x V
= E X 20 = 6 x 1 O = @
14 7 7
= vi = 8.5 m/sec
Similarly for 6 coaches = Kémgv = K8mgv2
= va = — x20 = —x 20 =15 m/sec
8 4

(A) 519 4 B9 (IS BT SFAM m) 919 (2m SHFHF) S A1 Sl o 2 |
TeATIAR P=Kémgv (@) ... (1) (k FATGURN RIS 2)
Tfs eI 9 YR & FHGURN ST ®
9 I} 12 dra s fa S a1

P=K14mgvi o 2)
s So @ wfe FrEd @
I FHIH (1) 3R (2) |

6Kmgv = 14Kmgv1 = Vi =ﬁ x V
6 _6x10 _60
14 7 7
= vi = 8.5 m/sec
3 UBR 6 PIg & forw = Kémgv = k8mgva
= V2=§x20 = g><20=15m/sec
8 4

A pump motor is used to deliver water at a certain rate from a given pipe. To obtain “n” times water from
the same pipe in the same time, the factor by which the power of the motor should be increased is:
U% 99 &I 6 A T uigy & gr1 ARad ) | ul Adrem § Sudiv &R 8 | A UIgY §RT I

FAI H n A G UG BRA S oy Arex o wfe B T der uelt —

n3

- >
P ufed P= ., =
ower F-V

v (d_mj
dt

_v {d(vaolume)} {d(px?ﬁm?ﬁ)

FV

} p = density g9 d

dt dt
{d(volume)} {d(Sﬂ'ﬂ?ﬁ)}
= pV
dt dt

= pV (AV) = pAV2
Power oifdd P = pAV3 or P o V3
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Work, Power & Energy ﬂ—

18.

Ans.

Sol.

19.

A chain of mass M and length 7 is held vertically such that its bottom end just touches the surface of a
horizontal table. The chain is released from rest. Assume that the portion of chain on the table does not
form a heap. The momentum of the portion of the chain above the table after the top end of the chain
14
falls down by a distance g .
S M T w1 (@ UF 99 39 UHR SR @ ot ® 6 s fraen R 8 399 &1 ga1 2 |
: . . 14

o9 Bl ReR /a1 | BISl ST & | I8 A & [$ o9 99 WR &R T8l a1 8 | Hu) R B gﬁﬁﬂﬁ
B I o D A D HUR dTel AR BT AT RT EW 2

7
—M !
16 V9

l
After the top end of chain falls down by g the speed of chain is

%ﬂzﬁwﬁ’rﬁﬁmé o8 Y @ A A T § -

-

V= 2g£=@
\l 8 2

7 7
The mass of chain above table isg M. 39 & SR I BT ST 3 M. g1

momentum of chain is

o9 BT FT B
Tud9 75
8 2 16

Vv
The figure shows a hollow cube of side 'a’ of volume V. There is a small chamber of volume Z in the

cube as shown. This chamber is completely filled by m kg of water. Water leaks through a hole H and
spreads in the whole cube. Then the work done by gravity in this process assuming that the complete
water finally lies at the bottom of the cube is :

a Yol qAT V a &1 b @rRaenl o9 73 3§ e & | REgar sw’wmcl% AT BT Y T

&7 21 39 Y &5 B m [ A & U 9 W= AT S 7 | U U B8 H gRT e | v o
BT B | IE AIEAT 8 T H ART UM A B d H M A B, A 59 Uk § [wd gR1 A mn st
=Rl
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Work, Power & Energy

Ans.
Sol.

20.

Ans.

Sol.

5/8 mga
(C) Let h be the height of water surface, finally
AT 3T H U & g $I SHag h |

Ia/4 |
* ]
o _ _I
o Cagas o h)
anoa @ 2.2
2 2 4
C.M. gets lowered by a — a + a =a —3—a
4 8 8

5a
Work done by gravity = mg ?

Wﬁaﬁ'fﬂﬁma—(%+g)=a—
5a
aﬁzwmﬁvmwao‘rd:mg?

From what minimum height ‘h’ in metre must the system be released when spring is in its natural length
as shown in the figure. So that after perfectly inelastic collision. (e = 0), of block B, with ground, B may

be lifted off ground. (Take k = 40 N/m, g = 10 m/s? , ma = 2kg, ms = 4kg)

forael gAa| Hare ‘h’ ({iex #H) ¥ e B 8ISl IR (S79 RY o Uigfae o s | & o b = |
@ T &) @If < B gRT SHIF @ W1 JU1 SRR <dhR & (e = 0) IR <iid B A 9 35

A% | (k =40 N/m, g = 10m/s? , ma = 2kg, ms = 4kg)
A

g = 10m/s’

2
magh’ + %k(h’ )%= magh

and dm kh’ = meg
Solving 8 &*9 WX, h=2m
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Work, Power & Energy ﬂ—

21.#  Potential energy of a particle of mass m, depends on distance y from line AB according to given relation

U= % , where Kis a positive constant. A particle of mass m is projected from y = J3a towards
y© +a

line AB (perpendicular to it) then minimum velocity so that it cannot return to its initial point is NL
aNm

calculate N.

m SIAE ® B B RARTS ol ABYET ¥ S y & A1 U=% T D IAJAR Il B | Sfaf
y - +a

K eiTers forrdis 81 afe m Saq9= @ @91 @l y = 3a ¥ AB Y@ Bl AR (59 ovaaq) uafda fan
W%ﬂﬁﬂ%«yqqﬁﬂﬁﬂwwgﬂzmﬁﬁwaﬁwﬁm/aNLmﬁﬁmGrmT%?ﬁNalﬁ

P |
em
y
Ae —l e B
a a
Ans. 1
Sol. Ui + ki = Ut + ki
K. 1.2 K
2a 2 a
2
mV§ _ Ky [K
2 2a am
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