. After studying this chapter, the stusents will bs able to: ! -

@ Derive the formula for kinetic energy fusing the squations of motion] WQO
@ Derve an expreasion for absolute potantial enargy of & body atacariain poaition intha

gravitalional Nald including sscape velocity]
# Deduce [he work done Iram force-displacemen] graph. \{8"
& Differaniiate between consarvalive and non-consarvatl :
& Siate and usehewrk-enwmeiammha'resw iurn b seive problems.

A /A J orkis oftan thougnt in temms of physical 'i';rri'urﬂal affort. In Physics, howaver, the
M ¥ termwork invoives two things {i__i h’_rue;and (i displacement. We shall begin with
8 simple situation in which work s l:lm"i_?a_ k_:grﬁ'cn hstantfarce.

41 WORK DONE BY ACONSTANT FORCE

Let us consider an object which s baing pulled by & constantfures F. The force displaces
the cbject through & displacement d in the direction of force. In such a case, work Wis
defined asthe pmdugpﬁm magnitiude oftha foree F and magniude oftha digplacamant
d. Thiscan bawl:iﬂan ds: Force

T
W= Fa (4.1)

Equation (4.1} shows that if the displacement is 2erg, no
work e done aven if a large force is applied. For axample,
pushing on a wall may tire your muscles, bul work done
iszaroas shownin Fig. 4.1.

The force applied on & body may not always be in the
direclion of force as shown in Fig. (4.2). If the force F
makes an angle ¢ with the displacament d (Fig. 4.3), the
work done is equal to the preduct of the component of
force abong the direction of the displacemeant and the
magnitude of displacement. Then
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W= (FoosB)d = Fdcose oo #2) |

or W=F.d ... {4.3) T

Equation (4.3]) showa thatwork is a scalar quantity. "

The unitefwork is jouls (J). From Eg. {4.1), we have

(=

o

| SNSRI B, |

1J=1Nm

:
!

When 8 constanl force acts through & distance 4. the
evant can ke plotted on a simple graph (Fig. 4.4). The
distance is nermally plotted aleng x-axis and the farce
along y-axis. As the force does not vary, [n this case, the
graph will be a horizontal atraight fina. If tha constant

&
-

force F {newlon) and the displacement d (metre) are in
the same direction, then the work done ks Fd {Joula).
Clsarly shaded area in Fig. 4.4 is alse Fd. Hance, fhe
area under 3 force-displacement curve can be taken as

L' 3

o ——> Fowsir v

to reprasent the work done by the constant force. In case e

the force F is not in ihe direction of displacemant, tha
graph is plotted between FoosB and d. Fig-44

From the dafinition of work, wa find (hat)

{i) Work iz 2 scalar guantity:

{in IF& <90°, work is done and it is said to be positive work.
() Ife=80" noworkisdone.

(iv)  ITe=20" thawork dons is said 1o be negalive.

v} Slunit ofworkis N m, also known as joule ().

42 WORKDONEBYAVARIABLE FORCE

A
(=

In many cases, the farce doas notremain constant during the process of daing work. For
example, a3 & rockel moves away from the Earth, work i3 done against the force of
gravity, which varies aa the inverse sguare of the distance from the Earth's centre.
Similardy, the force exerled by a spring increases with the amount of stretch. How canwe

caloulate theworkdone in such siluations?

Figure 4.5 shows the path of a particle in the x y plane as it moves from point P to poini QU
The path has bean dividad inte 0 short intervals of displacements Ad, Ad,, ....... Ad|

andF,, Fy, ......, F,ara the forcas acting curing thesa intervals, respactively.
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During each amall intersal, the force is suppoaed
to be approximately constant. So, the work done
for thefirstinterval can then bewiitten as

AW =F,. Ad,=F, cogg, Ad,

andin the sacand intarval

AW, =F,. 4d,= F, cosd Ad,

and so on. The lolal work done in moving the
object can be calculated by adding allthese tarms.
W =AW +AWA+........ + AW,

=F, cost, Ad,+F, cosd, Ad +......+ F cosé, Ad,
OF Wi = E;E o8, 80, v (4.4}

Wa can examinathle graphlcally by ploting Feosd
verses o gs shown in Fig. 4.6, The displacemeant o
has been sub-divided inle the same n equal
Intervals. The value of F cos @ at the beginning of
eachintervalisindicated in the figure.

Charpves | B Work, Energy awd Powsr ™

] Ad,
Fig 45

A particle acted upon by a
varable force, moves along
tha path shown from poaint P i
poinkC1. %

Fig. 48

Now the i™ shadad ractangle has an au_ta' F eos 6 Ad which is the work done during the
i"™ interval. Thus, the work done given by Eq. 4.4 equals the sum of the areas of all the
rectangles. Ifwe sub-divide the distance into a large number of intervals so that each Ad
bacomeas vary small, the work dons given by Eq. 4 4 becomas more accurata, If we |at
each Ad 1o appreach zero, thernwe obiain an exact result for the work done, such as:

- :
Win = Limil Zhomsaad ... (45
bl it ..'=‘;Fr s g, =)
If this limit Ad appmaches zero, the {otal area of all
the rectangles (Flg. 4.6) approaches the arsa
batwean the Foosd verses o curve and x-axis from
Pto (tas shown shaded in Fig 4.7

Thusg, the work dane by 2 varable force In maving a
parfide between two points is equal to the area
under tha F cosf versas o curve betwesan the bvo
pointzPand O as shown in Fig. 4.7.

&

&

LS

;

g —
Fig. 4.7

| Exempic 4.0 [ Aforce F acling on an object varies with distance J as shown in Fig. 4.8.
Calculate the work done by thae forca as he objact moves from o= 0o d=&m.

{ Salusion | The work done by the force is equal to the total area under the curve from
d =0 tn d =& m. This area is equal to the srea of the rectangular seciion from o = 0 1o
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d=4m, plus the area of tlangular sactonfrom d=4 m o 5.
d=6m. i3
H
Hence 23]
w e
Weork done represented by the areaofrectangle =4mx 5N ¢ % 2 3 4 B g
dim)—
=20Nm=20J i
Fig. 48
Weork done represented by the area nftrianglu-.%.xg mxsM
=aMNm=354J
Therefors, the total work done =20J)+5)=25)

4.3 CONSERVATIVE AND NON-CONSERVATIEFORCES

Conservative Forces

The space arcund the Earth In which Ite gravitational force acte on a body |z called the
gravitational field. When an object is moved in the gravitabonal field, the workis done by
the gravitational forca. If displacement isin the direclion of gravitational force, tha warkis
posilive. If the displacement iz against the gravilstional force, the work is said lo be
negative.

There is an interesting property of the gravitaticnal
force that when an object is moved fromore placeto S.__.... F202_  _E
another, the work done by the gravitational force does |

nat depend on tha choics of the peth. Letus explors it. o | Peth
Consider an object of mass m being displaced with g T in

constant speed from pointA'to B atong various paths i / Bl e m :
in the presence of 8 gravitational force (Fig. 4.9). In o mrmrmrs
this casa, the gravitatianal foree is equal to the weight Fig. 49
rgoftha oblect.

The work done by the gravitational force along the path 1 {ADB) can be split into two
parts {path AD and path DB}. Tha work dona along AD is zero, bacauss the weight mgis
parpandicular 1o this path, wheress the work done along DB ie (—mgh) becausze the
direction of mg s opposite lothat of the displacement | e, 8 = 180° Hence, thework done
indizplacing a bedy from Ato Bthrough path 1 ia:

Wn =0+ (- mgh) = - mgh
If we consider the path 2 (ACB), the work done along AC is also (-mgh). Since the work
done along CB 'azaro, therafora,

Wea=-mgh +0 =-mgh
Mow consider path 3, i.e., a curved one. Imagine the curved path tobe brokendown inloa
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gerez of horzontal and verlical efeps a8 shown in ¥
Fig. 4.10. There is no work dane along the horzontal L i
steps, bacausa myg ia perpandicular to the diaplacement -

for these sleps. Work is done by the foree of gravity anly
along the verlical displacements. During the segment CO,
mg s not negative; it is posilive. Buthere all Ay elements
are negative, so the products of mg and Ay for all the

W—— o ——p

A
elements will again be negative. Therefors, we can write: Fiy, 410
W, =- Ay F A Ay b A Asmood path may be replaced
e = =mg{Ay, + Ay, + Ay, ¥} Mg of infin P
As Ay + Ay, + AR Y . T AY, =H y displacemants. ork is done
Hance W, = - mgh ankyduring tl'mt_yﬂ'hplmarmh.

The net amount ofwork dane along the curved path AB is still (-mgh). We conclude from
the above discuasion that:

Work done by gravitational force is independent of the path followed.

Can you prove that the work done, along a closed path, such as ACBA or ADBA
{Flﬂ. 4.9}. by tha uraﬂla:lnnaifurca isPara?

If the work done by a force in movinga !':'Lﬂﬁﬂl:t betwean two pointsis
indepandent of the path followed orthe work done in a closed path
be zero, the forceis called a conservative force,
As shown above, the gravitational force is & conservative force, other examples of
conservative force are elecirostatic force and elastic spring force.

Non-Conservative Forces
All types of forcas ars not conservative forces.

Aforce is non-conservative If the work done by itin moving an cbject
babwsaan bwitvpaints orin a closad path depands an the path of motion.

The kinetic frictional forca Is a non-coneervative forca. Yyhen an objact slides over a
surface, the Kinetic frictional force always acls opposite to the motion and does negative
work aqual in magnituda o the frictional force multipliad by the length of the path, Thus,
greater amount of work is dong ower a longer path bebween any two points. Hence, the
work depends on the choice of path. Moreover, the tofal work done by a non-
conservativalorcain a cleged path iz notzero.

Crher examples of non-censernvative force are air resistance, tension n a siring, nemmal
force and propulsion force of arocket.

4.4 POWER

In the definition of work, it is nol clear, whether the same amount of work is done in one
second or in one hour. The rate, at which work i= done, is often of interest in practical
applications.
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Power iz tha measure of the rale at which work is being dona,
If work A Wiz dona in a time intarval Af, then the avarage powser P during the interval Af
isdefined as:
AW

Prp=——— aiiiessriape e 4.6
W= (4.8)

If work is expressed as a function of time, the instertanecus power P at any instant is
dafinad as:

Al

A U L BN
where AW |s the work done In short Interval of time AL
Since AW = F Ad
Harice peFad _pad
At at
Since 'E!t! =Y
Hence PREY i NS S AR

Thus, power may also be defined asthe scalar product of F and V.
Tha 81 unit of power is watt, defined a5 one joule of work dona in one secand.
Sometimes, for example, in the electical measurements, [7or your intormation ‘I

the unit of work is expressed as walt second. However, 2 e ———
commarcial unit oTelectrical energy |s kllewatt-hour, Device Power (W)
Cre kilowatl- hour is the work done in one hour by an :‘::;u"k;"_":‘.“ :‘f":g:
agency whose power is one kilowati. HL i Foker ?'ﬂ‘f].
Tharefera TEWh=1000 W x 36005 Coloured TV 120

v Flash lighi (fwo colis) 1.5
ar 1kWh=36x10"J=36MJ Packol ceicalarer 75010

| Essmple 2.3 NUA () kg man muns up a long flight of stairs in 4.0 5. The vertical height of
1he slairs I!M.E m. Calculate his power oulputin walls.

| Selutlen . Workdone = mgh §_Oo you kmow? [
m It tkes about Sx10® J of evargy o
Power = maka a car and tha car than uses.

absud 1010 J of energy fiem petrol
p= Tﬂkaxﬂ.ﬂms“xi.ﬁm i s e time.
4a

Pe7ixif kgms’ =77 x10' W

4.5 ENERGY
Energy ofa body |5 Its capacity to do work. Thera are two basic forms of anergy’:
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(i minstic snary (i) Potenlial enargy

Kinetic enargy is the anergy possesasd by a body due ta ita moficn and potential
energyis the energy possessed by a body due toits changed positien.
The kinetic energy and the potential energy both are the kinds of mechanical energy.
Kinetlc Energy

Let us derve a formula for the kinetic enemgy of 8 moving body. Consider a car running
with a constant speed on a read. If its englne Is switchaed OFF, it will stlil cover some
distance before slopping. As long as it 's moving, it is doing work against the force of
friction of tha road. In other words, during this interval, it will axart a forea aqual in
magnituda to tha force of friction £ Lel the diztance travellad bafore coming to reat be d,
then thework done by the carwould be fof. This work is done by the gardue toits motion.
The ability of a body to do work due 1o itz motion is s kinedc anergy. Therafors, Kinatc
energy of the car is equalto fd. The acceleration can be found by using Newton's second
law of motion, i.e.,
F=ma

As the car slows down and finally stops, its acceleration a is neqativa bacause it is
produced by foree of friction £ ecting epposite iothe direction of metion., Thus,

f=-ma
or a=— nfn
We can now determins thevalue of (i} by using tha third squation of mation, L.e;
2aS=1v <
Hare, Initial valocity w=v l { For ynor liormation ) l
Final valocity v.=0 Approxdmate Enargy Values
R e
. s ming 1 tn caal 1
el y A= Buming 1 lrepetrol 510"
Putiing values inthe above equalion of motion, we have  KE ofacaral 110!
5 —f 5 a0 lan h*
2% = d=0-v Running Personat 3x10’
1 10 lam b |
fd= 2 my Fissionofune glom  1.8x10
As fd iz equal to the kinetic energy of body, therefore, KE-ofa mﬁlmlg?‘ai Ex1g™
Kinetic anargy= izm v (4.8)

Since, kinelic energy is equal o work which the bedy is capable of doing, so the unit of
kinatic anergy must bethat of work, i.a. joule {J).

| Exwpte 0.3 [ A gar weighing 18620 N is running with a spead of 16 m &, Brakes are
applled and It |2 brought to rest In a distanca of BQ m. Determins the average force of
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friction acling an L.
i_oH.Ii‘i.rJ_urn'
Giventhal v=18mg  o=80m w=18620Nand/=7
Tha kinatlc ensrgy of the ¢ar s aqual i tha work done by It hefors stopping, Le.,

1 H
- fd
zmb‘ =

Putting the value in the above equation, we have
L %1900 kg % (16 ms'} = 7 xB0

2
or f=3040N
Potential Energy

The potantial ensrgy is possessed by a bady bacausa of its position in a forca fiald, 8.9.
gravitational field or because of its constrained state.
The anargy stored In a compressed spring Is the potental anergy possesead by the
spring due io its compressed or stretched state. This form of energy is called the elastic
potential anangy.
Absolute Potential Energy H-H-
1 -
The absolute gravilational pnperqthii energy of an object
atacartain position i the work done by the gravitational :
force in displacing the objeet from that position to infinity 4
whers the fores of gravity becomes zero. 3
The relation for the galculation of the work done by the
gravitational fores or potantial energy is mgh, which is trua
only near the surface of the Earlh where the gravitaticnal
force Is nearly constant. But If the bedy Is displaced through
alerge distance in space, letit be from point 1 to N {Fig. 4.11)
in the gravitationsal field, then the gravitational ferce will not
remain constant, since tvares Inversaly to the 2quana ofthe
distance.
In ordar to overcomes this difficulty, we divide the distanca
between points 1 and N into small steps each of length Arso
that the value of the force remains constant for each small
&tep. Hanca, tha total work done can be calculated by sdding
the work done during all these steps. If r, and r, are the Fig. 411
diatences of points 1 and Z reapectively. from the centre © of the Earth (Fig. 4.11.), the

|
D’j
-

e mm—— D= ——

m—————— b=
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work done during the first step .e., displacing a body from point 1 to point 2 can be
calculated as below. The distance between the centre of this step and centre of the
Ezirth will be:

r= nth
-] =—:=Ar then fa=r tAF
Hﬂrm Fa %‘w’:ﬁ*% (TR 141.'1“}
The gravitalional force £ at the centre of thiz step ia:
Mm
= G?—— .......... 4.11)

whera m=massof anabject , A =mass of the Earth
and &= Graviiational constant

Squaring Eq. 4.10

H
r"?' -E‘[-I-ﬁ{-]
2

S Thara la mara snargy raaching

L 1 Ezrth In 10 days of sunlight

£ a2 Ar [Ar P D than i all thefoasd fuels on the
=K+ 2!, ? ? ~ Eerth.

As [Arf == r% g0 (A can be nagj'pqhéa as compared bo 52,
Hance rP=rlerAr )
Putting the value of Ar=r, <7
F= i ¥R fe-n)=nn
Hence, Eq. 4.1 bacomes

Ay
U 1412
AT T
Asthisforcs Is assumed 1o be constant during the Infarval A7, sothe work done Is:
Wis, = FAF = FA7 008 180° = - GMm :";
E

The negative sign indicates that tha work has to be done on the body from paint 140 2
because displacemant ls opposite o gravitational force. Putting the value of Ar, we have
- 55
W, »; ==GMm R
or Wiss = -Gam| -1
L)




:F_ Ptﬂlj I1."' _- :\3‘; Chupie .'_" Work, Enargy and pﬁﬂ"r‘l;
Simitarly, tha work done during the second step in which the body is displaced fram point

2t0dis: .
. ¥
We-p. =- GMm [E = ;;.] . Thadblis __a-
; Kore cosl hes been used since
and the work done in the last step is: 1945 than was usad inthe whole
. 1 g ol history befom that.
Wy roy =-GMm —_—
et T

FHence, the total work done in displacing & body from point 1 to N is calculatsd by
adding up the work done during all these steps.

Wi = Wi + W33 connnnn * Wy on

o3 -l ]

On simplification, we have

- b |
Wien =- GMm ETEJ

If the point N s situated af an infinite distance from the Earth, then

e @ ’ 50 .I.:j.. =0

fu ®

Hence Wiw = -r%
This total work by definition i;the absolute potential energy (P.E)} as siated eadier
rapraaantad by U,

U= _G:-ﬁn
This is also known as the absolute value of gravilational potential energy of a body at
a distance r from the cantre of the Earth.
Mote that when rincreases, U becomes less negative i.e., U increases. { means when
we reise abody above the surface of the Earth, its RE, increases. Therefore, if we want
to raise the body up to Infinite distance, wa will have to do work on it equal to GMD a5
thet its P.E. becomes zero, B
Mow the absolute potential energy on the surface of the Earth is found by putting

r=R{Aadiusoftha Earth}, a0

Ahsalutepntentialmergv=un=—% s 1443

The negative sign shows that the Earth's gravitational figld for mass mis atfractive. Tha
abova expression gives the work or the energy reguired to taka the body cut of the
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Earth's graviiational figld, where its polential energy with respect to Earth is zero.
4.6 ESCAPE UE Lmlw l R your nfeemnation § i

It is our daily life experience that an object projected  Some Escepe speeda (km ')
upward comes back to the greund afterrlsing o acertaln  Heswenly body Eucaps speed
height. Thisis due to the force of gravity acting downward.  Moon 24

With Incraased Inltlal valacity, the objer! rises fo tha  Merury A3
greater height before coming back. Ifwe go on increasing &ﬁa \ﬁﬂ

the inifial velocity of the object, a stage comes when it will

hot retum 1o the ground. It will sscape from the influenceof e | age

grawvity, Mepune | | 254
The initial velocity of an abject with which it gaum () 370
goes out of the Earth's gravitational field, Jupltet &

known &g escape velodity.

The escape velocity comesponds to the [nitial kinelic energy gained by the body, which
carries itto aninfinite distance from the surface of the Earth.

Initizl K.E. = %m V2,

Wa know thal thework dona inlifting & body from Earth's surfaceto an infinite distanca is
equal to the increase in polential energy.

InceraseinPE. = D—{-G%ﬂ} =G "'%
where A and B are ihe mass and radius of the Earh respectively. The body will escape

ourtof the gravitational field if the initial K.E. ofthe body is equaltaincrease in P.E. Then

1 i~ Mm

7 MViw G R
or d E% .......... 4.14)
GM GM
e ¢=F o GR=F
Hence Veo® JZOR o {4.15)

The value of v comes oul to be approsimately 11 km 57
-

4.7 WORK-ENERGYTHEOREM

Whenaver work iz.done on & body, itincreases its energy. Forexample, if a force F acts
on 8 body of mass m, initially moving with velogity v, , through a distance d and
increasesits velociy 10 v, , then tha acceleration produced will be:

2ad =} —vf
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:L A2 8
or Edm ¥) {4.16)
From tha second law of motion:
F=ms

or =& ERATTO  [ETTEE T

: Al this ool your pat Inoona day
L‘:umpanng# Eqa;l.‘l € and 4.17. we have g siticat e Same senige b

2
Hnﬁm_f} 473 Ttre of patral

or Fd= 2my —smd e {418)

This expression (3 the work-energy theorem. [t stales fhat:

The change in kinetic enengy of an cbject is equal tof.baﬁwt dong
on it by a nat force. b3

W = Change in kinelic eneray = (K.E),- (KE)= ) myv; - | mv|

This is also known es work-energy principle.

The work-energy theorem i applicable Tor any direction of the force relative to the
displacement. For instance, an object with kinetic energy can perform work if it is
allvwed to push or pull on anotharabject Inthis case, the work will be taken as negative
and tha kinalic enargy of the object will decreass. The thaoram ramains valid sven fthe
Torea may vary from paint lo peint.

| Exmmpic 4.4 || A motorcycle nider weighing 60 kg is coasting

downa 24° slope. The weight of motorcycle is 30 kg. Atthe top of

the slope, the speed of molarcycle is 3.2 m 8", I the kinetic nan
frictional force iz 100 N, what will be the gpeaed of the motorcycle

T2mcownhil?

{ sanstlon | The normal force F, is balanced by the component of weight (mgooa2a”)
pmpmdi!:ﬂmfidths slope, Lat the kinetic frictionalforce s £ then the netforge Fis:

F= mgain2&-f where m=lotal mass =50kg+ 30 kg=80kg
or F=(B0kgx§.8ms *x0.4) —100N

F= 2B3EN L
Wakdona W=Fd=2628N=xT2m=1E201864J i -
Aszworkis positive, so applying work—energy thecrem, pd‘faﬁ

W= (KE) — (KE) e AR .
Form here, >

(KE) =W # (KE)
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Futting the values, we have

1 1 2
—mi = W —myv
I - W dmy

%xsﬂ'kngf - 182014 +15x9!) kax(32ms"y

Thia gives, ¥V = 4147ms’
or ¥, = Y4H47mfs® = 204ms’

4.8 INTERCONVERSICN OF POTENTIAL ENERGY IEL}ID

KINETIC ENERGY

Consider a body of mass m at rest, at a height & above the
surface ofthe Ezrh a3 shown in Fig. 4.12. At poaition A, the
body has F.E. = mgh and £ F. = 0. We releasa the bodyand
as [t falls, we can examine how kinetlc and potential enargles
asgociated with it interchange.
Lat us calgulate PE. and K.E. at the position B when the
body has fallen a distance x, ignoring air friction.
Now, height from the ground is (#-x), so that

PE =mg(h-x}.

and KE = %mv.?

Velodity v, at position B, canbe calculated from the relation,

W= +2g8

as V=g =0 : S=x
W =0+2gx
% =2gx

Therafors = —m{ZQX}

= mgx
Total energy at position B = PE. + KE

Total energy = myg {h - ) + mgx = mgh

\.('\:\*“'

RE

FE = mgh o

RE=0 — A
xY

RE=maltrdl g L

K.E = mgw i
in
PF=1
KE=mgh——
Fig. 4.42
(4.18)

At position C, just befors the body strikes the Earth, PE. =D and K.E = %mu@‘

whene v. can be found out by the following expression.
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% =\ +2gh=2gh as v=0 A
pfs uof i u '
ie., KE =—mi =—mx2gh=mgh

Thus, at point C, kingticenangy is equal 1o the original value ofthe L
petential energy of the body. Actually, when a body falls, s III
velodity increases i.e., the body is being accalerated under the Ya T
action of gravity. Tha increasa invalocity resultsin theincreass in ,

its kinetic energy. On the other hand, as the body falls, ite height |
decreases and hence, ils polential energy also decreases. Thus, w
we ses {Fig. 4.13) that:

Lossin PE. = GaininK.E
1 (
rngfi'h—i‘aj:Emm: = {4.20)
whare v, and v. are he velooities of the body st the heights . and /., respectively, This

resultis tue only when frictional force is not considerad.

If we assums that a frictional foree f is present during the downward motion, then a part
of PE. is usad indoing work against friction equal to Fh. The remaining PE. = mah—Fh
ls convartadinto K.E.

Fig. 413

Hence mgh =fh= % mv

ar mgh = %‘ﬁ}‘un .......... (&.21)

Thig Loss in PE. = Gainin K.E. + Work done againsi friction
Conversely,

Loes of K.E. = Gain in A.E. + Work done sgainet friction

0 Euu.-mf-icl -'.'--"-E
A car waighing 1100 kg is moving with a welosity of 12 m g, Whan it is at point P, its

engine staps. If the frictional force s 120 N, what will be its velocity at point Q7F How far
beyond Qrwill it go before coming to rest?

Wl 3oaution

The kinetic energy possassed by the car at peint P will !
partly be convertedinte £ E, and parily used up in doing o 1 5
work against friction as itreaches paint Q. Therefore, - !

Loss of K.E. = Gain in P E. + Work against fricion
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%M(-rfu v) = whafd
%xﬂﬂﬂhgﬂ#m"f—@] — (1100 kg=x9.8ms x1.5m)+ 120 Nx24m

550 kg (144 m* 57— )= 16170 kg m” &7 + 2880 kg m’ &7
_18170kgm's’ + 2880 kg m' " _
V) = St =346 m e
v =144 m’s® - 346m' s’ = 1094 m's’
Velocity at pointQ, ¥ =+1084m s’ =105m s’ (‘j“r
Now If the car stops at point R, then using the formulz: 0O
1 > '\(1_)
=my =I5 f_‘}
2 o)
%:11{:& kgx108.4 ' 6* = 120kg ms* xS
\
§=501 roximatehy
{ Exwpie 4.6 1 An ohject of mass 3 kg falls from a height of 15 m. If it strikes the
ground with a velocity of 16ms”, mmmmg;aanfrbmwum ofthe alr.
Usokaionll  Lossof PE=Gainin K £, +Workdone against friction
1 :
vy =0, mgh =§mv’ +(:.:}H:.l\

(144 mts*—

kg« 98ms’ x15m = 1*ﬁ‘kkgifﬁma“f+ﬂ1ﬁm

481 kgrmi's? £3BA kg st 4 1Emxf

1:3-_ 441@#5’“— 384 kgm's” 2
ar __.“1 f= T =3Bkgms™ =3BN

"

R
- (@ Muitiple Choice Questions |

Tick (') the comrect answer.
4.1 A1 kg mass has potential energy of 1 joule relative to the ground when tizata
height of:
fa) D.102Zm {e) 1m (€) 8.8m {d) 32m
4.2 An iron sphere whose mass is 30 kg has the same diameler as an aluminium
sphere whose mass is 10.5 kg, The spheres are simuitanecusly dropped from a
clif. When they are 10 m from the ground, they have identical;
{a) accelsrations (b)momentums (¢) potentialenergies (d) kneticenergias
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4.3 Abodyatrestmay have;
(@) spasd {b) walocity (¢} momentum {dy energy

4.4 The height above the ground of a child on 8 swing varies from 0.5 m of his lowest
paintio 1.5 mathishighast point. The maximum speed of the child s approximatsly:
@) 1.5ms” {t) 44ms"
c} #8ms” (d} Depends uponchild's mass

4.5 When a ball s hrown vertically upward and then falls back ta the around, which
force can be conzidered consanvativain this scenanc? _
{a) Airrasistanca (b} Gravity ~
i) Frictonbetweenballandeir  (d} Contactforcewithhand

4.6 Acconding towork-snergy principla in linear mation, the wﬂr*iublm\ an bady Is aqual
o ke
{a) changainK.E. (b} changsinPE"

c) zem (d} sumofKEgnd FE
4.7 Powerofalsmpls W, How muchenergt.r&nem lnn'mgwe putin2 min?
{a) 12J {bj 204 (=) 39 (dy 720J

4.8 Adry battery cen deliver 3000 J of enﬂ‘p:hn ‘a2 W small electric metor before the
battery s exhauvsed, For how manymingies does the battery un?

(a) 1500min  (b) 100mn () 50mn  (d) 25min
4.9 The kinslic energy acquired by & fass m after travelling & fixed distance from res!
underthe aclion of a constant force is directly propartional to:

(@) Vm ®) Hm @ m {d) independentofm

4.10 Abady rmovas & ::uatmt:arnﬁ 0 m along a straight lirs under ths aetionof 5 N force. I
the wark done |2 EE-MHE angle which the force makes with the direction of motion of
thebodyis:. ™

@ o ) (©) &0’ () 80°
[@ Short Answer Questions |
41 Wy is elacirical power required at all when the sevalor is descsnding? Why

ahould be-there a limiton the number of passengers in this case?

4 2. Abody is being raised to a height H from surface of the Earth. ¥hal is the sign of
work done by bain {body and the Esrth)? Justify.

4.2 Abody falis towards the Earih in air. Will its total mechanical energy be conserved
during fall ? Justify.

4.4 Calculate power of 2 crana In Klowatt which (fts a mase of 1000 kg to 2 helght of
100 min20secend.
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4.5

4.8
4.7

4.8

49

Atrolley of mass 1500 kg carrying sand bags of 500 kg Is moving uniformly with a
speed of 40 ke b on a friciionless track. After some time, sand starts leaking out of
whole sand bags on tha road ata rats of 0.05 kg s”. What is the spead of the frolley
after entire send bags are empty?

Give absolute and gravitational units of workin M.K.S and C.G.5 systems.

A body dropped from a height of H reachas the ground with a speed of 1.2 [gH.
Calrulate work done by air friction.

Adioydle hus a KLE. of 160 J. What £ E. would the bicycle heve if it had:
i) same massbuthas speeddouble?
fil} thraa timas massand was moving with one half ofthe spead?

What will be the effect on #.E. of the body having mass m, maving with velocity v
when its momantum bacomes doua? Justify.

410 Does |he international space station have gravitational PE. or kinetic energy or

4.1
42
43

44

4.5

46

4T

4.1
4.2

43
4.4
4.5
4.6

both? Explain.
[§ Constructed Response Quéstions ) |
When will you say that & foroe s conservative ? Give two conditions.

Alight and & heavy body have same lingar mementum, which one hes grealer K E. 7

Amotorcycle is running with constant speed on a horlzontal lrack. s any work being
done on the motorcycle, if no n‘_'-_.tfnme is acting on it?

Aforce acts on a ball moving with 14 m &” speed and brings its speed to 6 m ™. Has
the force done positive ornegatlive work? Explain your answer.

A slow moving truck cah have more kinetic energy than a fast moving car. Howls
this possible?

Whywork done agﬁnstfnr.tion i nor-conservative in nature? Explain briefly.
Does wind contain kinetic energy? Explain.
[ Comprehensive Questions |
Define & E. and derive an expression for the same.
How iz work done by a:
(i) constantforce {ii) variable force?
Define conservative field. Show thatgravitational field is canservative in nature.
Whatls meant by absolute P.E.7 Derlve an exprass/ion forabsaiuta P.E.
Slate and explain work-energy thecrem in a resistive medium.

Define ascape Eodty Show that an expresslon for escaps velodty can be
expressed as y2Ry, where R and gdenote radius of the Earth andacceleration due

to gravity, raspectively. Also find its numarical value near tha surface of the Earth.
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| Mumerical Problems |
4.1 A machine gun fires & bullets per minute with a velocity of 700 m s”. If each bullat
has ameaaaof 40 g, thenfind power developed bythe gun? (Anz: DBOW)

4.2 Afamily uses 10 kW of power. Direct solar enargy i incident on horizontal surface at
an average rate of 200 W per square melre_ IF 75% of ihis enargy can be converted
intpuseful electrical energy, howlarge arsais needed o supply 10kW?

{Ans: 4444 m™)

4.3 Thamass 0fthe Earthis 6.0 X 107 kg and mass afthe Sunls 1.89x 107 kg. The Sun
is 160 million km away from the Earth. Find the value of gravitational PE. of the
Earth. {Angr==4.97 x 1070}

4.4 An object weighing 98 N is dopped from a height of 10 m:lis speed just before

hitting the ground is 12 ms”. What ia the frictional force ectingon®?  (Ans: 26N)
4.5 AT75weattfan is used for 8 hours daily for 30 days. Find:

il energyconsurned in elecirioal units

(i} electricity billifone unit costs Rs. 22.57 [Ans:{i} 18 units {il) Rs. 405]
4.8 Ifan ohject of mass 2 kg thrown up from ground reachas a height of 5 m and falls

backtothe Earth (negleciing air resistance), caloulate:

(i)  waorkdone by gravity when the objectreaches at 5 m height.

{iiy workdone by gravity when the nhhc:l comes back to the Earth.

(i) total work done by gravily in upward and dowmward molion. Also mention
physical significance of the result.
[Ang: (i)-B8J {iiH+88J [ir0ywork dong inadosad path ina conservativafield is zera]
47 An electrical motor of ene horse power is used o mun a water pump. Water pump
tekes 15 minutes tofill & tank of 400 litres ala heightof 10 m (1 hp 746 wetta). Find:
{@) sctual inputwork done by electricmotor lofill the tank
{b) actus| guiputworkdone [Ara: {a) 671,41, (o) 39.2k]]
4.8 Apassenger Just arrives at the airport and dragging his suitcass to luggage checks
in atiha desk. He pulls strap with a force of 200 N at an angle of 45" te the floor to
displace it 50 m to the desk. Determine the value of work done by him on the

suitcasa. (Ans: T k)
4.9 A1200kg carls running at a speed of 40 km h'. How much pawer will be axpanded
by itloaccelerale at2 ms*? (Ars: 26.67 kW)

4,10 A 200 g apple is ifted to 10 m and then drepped. What is its velociy when it hits the
groundT Assurne that 75% of work done in lifting the apple is transferred lo K.E. by
the tire it hits the ground. {frs: 121 ms"}




