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WoRrk AND ENERGY

about ways of describing the motion of
objects, the cause of motion and gdravitation.
Ancthereonespt that Telns nsunderstand Snd
imterpret tnany naturs! phenomena is “worl'

Clossly r=laled & work are enesgy and oower
Inthisc chapterwe shall shady these concepts.

All Hving beings need food: Living beings
hayve to perform severzsl basic activities to
survive. We call such scirities Tife process=s’.
The ensyy for thess processss comes from
food. We nesd energly for other activiizs e
plaving. @inging. reading, writing, thinking
Jummping, cveling and running. Activities that
gre sirenidnls FEqlire Imnic ERETEy.

Animals too get endaged i sctivibes F:!IT
esmmple, they may jump and Tan. ThEey kawe
to fight. move avway from encoues. find feod
ar find = safe place to Iive. Alsg we engags
suime amimals to lift weights, carrvicads. pull
carts ar plough fields All such actviti=s
vou have come arTess: What do they need for
their working? Why do some engiues require
fuel lik= petrol and diss=]1? Why do-living
beings and machines need enesgy?

10.1 Weork

What 5 work? Thars {5 a differ=nee in the
way we uss the #rm work’ in day-today life
and the way weuse it in science. To make

10.1.1 NoT MEcH ‘“woRK' IN SPITE OF
WORKING HARD!

Eamiali = preparing for examinations. She

et 2

draws disgrans,. orgamisss her thoudhts,
coliscts guestion papers, attends classes,
discusses problems with her fiiends, and
perforims experinents. She =xpends a lot of
emergdy oo these achivities. In common
pariance. she 35 ‘working hard', Al this ‘hard
work’ may involve yery little ‘worle f we go by
the E-EIEE.iIE_ jeﬁmnm of m

Istus 551.'1':1":' md-._n—ﬂ_*l.{m-tmﬂrr dE:_FT.tE_EH
the =Hort. You get fompletely -exhausted.
Howeyer, you have not donie any work on the

: ri.f;tas there i5 o disfincement of the rock

You stand'still'for a feor minutes with o

heavy load otverhead. You get tired. You
“have exerted vourself and have spent quite a

mt uf;imzr FRETRY. Areyoe doing work oo the
toad? The way we understand the term ‘work
m-gcients. work is not done.

You ciimb up the st=ps of 3 st=irrase and
redich the second foor of a building fust to
s (he landscapes from there. You may even
climb up a tall tree. Hw= apply the sc=ntifc
definition, theseactivifiesimualve 3 ot of worlc

In day—to-day e, we conmider any useful
piysical or mental labouraswork. Activities
like playving in a f=ld, talidng with friends;
hinmming & e, wabcling 8 movie, attending
8 fumcHon #re sometimes Ool consider=a o
be work. Whet constitiies ‘work dgpends
on the way we define it We use and define
the term work differently in science. To
understand this let us do the foliowing

Activity 10.1
®  TWe hgve dizsensszed in the above

paragraphs 2 number of achvitiss
whirh we normsliy consider to e Wik




i dev-today life For each of these
activites, aik':t:_i-zﬂmm.g E;uﬁﬂnr.s
and answey them:

(% What is the woerk being done on?
{1} What ts happening o the ohjecs?
{11} Who |(whatl s doing the work?

18.1.2 ScCIENTIFIC CONTEPTION OF WORE

To understand the way we view work and
define work from the point of view of scenes,
let us-consider same situstions:

Push a pebble ving on a surface. The
pebhle moves thrmuch a distance. You everted
2 force on the pebbls and the pehble got
displared. In s sthastion work is done.

A gizl pulls a trolley and the trolley moves
through a distance:. The gzl has ex=rizd a
force on the irolier and it is displaced.
Therefore, worle s dons.

Lift a book lrough a height. To do this
vou nast apply a fooee:. The bodk Tis5es up.
There isa foree applied on the bock and the
botk hes mboved. Henee, work is dom:

A closer jogk st the sbove sitnstions
reveals that two conditions need to'be
=atisfied for work to be done: [ii = force should
act onan object. and [) the objegt mst -BE
displaced.

K any one of the ahove conditions does
ot edst, work is oot done, This is the way
we viEw Work in srienirs,

A bullock is pulling a'eri The oot
moves. There 5 a foros on the cart and the
eart hss moved. Dn'.m_tr_bmkﬂ::twﬂrh!_.
dirme i tos siteatiom?

Activity 10.2

® Think of some :Til'!_,ﬂﬂﬂns-_frﬁm YEAIE
dafly life tmohing ek

s [istthem

¢  Discuss with vour frkandB whisther
work-is bﬁngm:t in eachsimistjom.

¢  TIv D ressor gt your resremss

[l H—m‘:"diiﬁinﬂ widsich = the=fygre arfing

om thie oiect®

®  Whar is the ohjec on which the work
is deme?

s  TWhat happens © the chject an which
work 15 done?

114

Activity 10.3

s Think of sinatiors when the: objeet
is not dispiaced in spite of a force
gcting o T

s  Alsothink of sincisnswien an objes
get= dispiarsd in ths ahsenes of a force
ecdng onir

# lisr ol the shistdens thar you cam
tuink of for cach.

* Dhscuss with your fHends whether
work {5 done in these smiatione

10.1.3 WORE DONE BY A CONSTANT

FOBLCE
How is work defined in sciefce® To
understand this, we shall first copsider the
chss n‘hmﬂ]f{mszar:tmg_n"ﬂE direction
of displacement.

Leta constant foroe, F&i:tl:ﬂlanﬁ'sjfct
Let fhe abject bs displacsd through a
distance, s in the'directing of the fores [Fig
10, 1 Let TWhe the work done. We define work
to be equal withe product of the force and

Work doge = force » displacement
W= Fs (10.3)

Fig 161

Thus, ook done by & roe acting on an
dhjert is squal to the magnmtude of the forre
multipiied by the distance moved o the
direction of the force. Work has omly
smagnitude and oo ditecoon,

IEEq. {101} #F=1 Nand == I mthen
the work done By 'the feeewill be 1 N m
Here the unit of =ork 1S newiton metye [N m)
orjoude (J). Thus 1 Jis the amount of work

L s
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done on an object when a force of 1 N
displzces it by | m afong the line of action of
the forece.

ook at Eq. (10.1) carsfully. What is the
work done when the fmce on the object &=
zz=rn? What would be the work done when
the displacement of ths dhijert = z==m? R=fer
to the-comditions that are to be satisfied to
say thai work is done:

Examnple 10.1 A force of 3N is acting on
an object. The object is displaced
through 2 m in the direction of the force

ig. 10.21. l the force acts on the object
doneisSNx2m =10 Nmar 104

< ST ]

sn—e ) 7

Fip. 10.2

nestion

I Aforrceof ¥ Nacts oo ap 8oty
The dispiaoement gy BIm. o
i direriion of ﬁ;r force
F=. 103l it teletlal
foree acts ooy e byect thiough
the dsplcement; What is the
Wik tkmie i W cmse?

Lot 1

"'-I—P[.;=_I_-|

Fig 13

Cansider another sitnation n which the
foree and the displacement are @ the sams
direction: ziﬂhw'-]mﬂmga toy e=r par=llel to
the ground, h:&:lwnm Fig. 104 Thebaby
has exert=d B force in the direction of
displacement of the car: In this sinsation, the
work done will be equal to the product of the
foree ‘and displacemsnt. In such situations:
the work done by the foree is teleen s posithve.

T oc B

Fig 104

Cansider a sitnation o which an ohject is
moving with a uniform velocity along a
{5 applisd in the opposite-direction. That is.
the angle betwesn the two directions iz 120°.
Let the object stop after a displacemet 5. In
such = situation the work done by the force.
F is takenr as negative and denated by the
]]]IEI.'-LIEE].EEL The work done by the forze is

« [—=] pr F « =5, .

it is clear from the ahove Hiscussion that
th:'ﬁﬁﬂ-;dm}gh aiﬁmmmathﬂ'?aalhvr

.m'n@ﬁ Tﬁuﬂigrﬁtaﬂﬂ&ds let oS do the
.-_fﬂ]nwmgm .

" Activity_ 10.4

. H&mtﬂtcfﬁp Work is dons by he
foroeecertad by you on the object. The
ailje-*tnmﬂ umvards Thedfmeevon

“Exerrsd 1= in the direction af
dsplacement Howensy. there is the
foree of gravity scting an the object
Which ones of fhese foress & doing

ll.""i'...

positive work?
®  Which on=is doing negarive work?
*  Give ressons,

Worik done is pegative when the Eace ads
Gp‘pﬂﬁ'lt to the dirsction of displacsment.

ork done is positive when the force s in the
ttEl'E:.."t_Iml of d_sspia;me:m_

Example 10.2 A porter bfts = luggage of
15 kg from the ground and puts it oo
his hesd L5 m above the ground.
LCaiculate the work done - him on the
lnggage.

Salution:

Mass ol lugdage, m = 15 kg and
displacement == 1L.5m
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Wiakdams, W = Frs=mg> s
= 15kE=10m="=15m
= Z253kdmsEm
= A5 Nm= 22533
Work dome 45 235 J.
[eslions
[. When do we sy that wonk {5
dom=?
2 Wiite an sxwe=som for the ok

dore when & fmoe 15 aotos] o

an et in the direstion) of 85
chispyaresners

3 Dedlvse I J af wirk

4. A pEir of bullivks ex=ris @ itce
of 10N a1 = plougl: The Seld
fring mivnsghed f= 15 fomgs
How much werk iz dons io
g the el of tlie feeldT

10.2 Energy

Life s impossibiz without ersrgy. The demand
for energy isever inoreasing.  Where doaws
get ensTgy from? The Sun is tnehi@j.t
naturdl source of energy to us. Maoy ofgur
energy sourcesare dedved from theSum., We
can also get =nergy from the nuclel of stoms
the interior of the earth, and the tidext Can
v think of other sources/of energy?

Activity lﬂ 5

& A few soWiées of energy are ]]rEd
shore There @€ maEny oiler Souroes
of energy. (st thens '

. Dlsﬂ_ﬁsm_ngﬂg!j@s hﬂwmln
sotrces of énergy are e 1o the Sun.

* Ayethere sourcss of snendl wiich are
not due 1o the Sam?

The wad enersy

: ’E“;rcr_wf!ﬂ:used.mum
daily lifs, But ipsci=mee we goe it a definite
and preciss ::a:;m:r.&.g Let u= consider the
following ._mr_plE- when 3 fast moving
cricket ball hitsa stationary wicket. the wicket
is thrown away. Simifarly, =n object when
rzised to & certain heigat gets: the capability
to do work. Yon rmust bave seen that when s

11s

ratsed hammer falls on 2 nail placed on = piece’
of wol Ut digves the nail into the wood. We
{such as 3 toy ] #nd when the toy is placed
ems the floor. it starts moving, When a talleon
{5 filled with air EIE].W‘E press it we notice &
chignge D s Skipe. As ol &8s we press it
gentiy, it ren come back to = originz] shape
when the fooe 15 withdessm, Howerer i we
press the balloon hard. it can even explode
producing = bissting soond. In sl these
examp:es. the objects-acguire; through
different means. the capahbility of domg work
An object having a capability to do work is
said to possess enerdy. The chject whﬁllﬂﬂes
the work & dane geins snergy,

How does an ohject w.ihmagrd::wurk‘?
An gbject that possess=s @éi'g. can exerta
foree @ another ohject. WEEul‘thIs tmppems,
enefiyis transferred ﬁ‘ﬁmtne formerto the
Iﬂﬂf.r The sscond abjﬂﬂ mEy move as it
*mﬂ#‘menn_@ and fherefore do some= wark
Thuos, the ﬂ.ﬁfﬁ’fqeﬁhﬂacﬁpﬂﬂtﬁ' to do

:h-prh_ This .ll:ﬂﬂlﬁs that any ooject that

pﬁemmﬂﬁmﬂﬁ:“ﬂ

'ﬂ:em:e:'gg. possessod by an object is thus
me:mn'ﬂdm terms of its caparity of doing
m%mﬁdmﬂgﬁm the same
‘®s thit of work: that is. joule {1). 1 J is-the
ererdy reguired to do | joule of work
Sometimes & larger unit of energy called kilo
joule kJ] t5used 1 k] equals 1000J.

12,2.1 ForMS OF ENERGY

Luclaly the worid we ive mn provides energyin
many different forms, The various forms
inchide mechaniral enerdy (potential enesgy
+ kinetic energyl. beat energy. chemicat
energy, electrical energy and Hght energy.

Think it over |
Hew do you know that some enbity 1s & -

h’mﬂfﬂﬂﬁ[ﬂﬁﬂﬁmﬁmﬁlﬂqﬁ
=nd tead:ﬂ-::s.
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James Frescoit
Jouls was an
outstanding

British physicist.
He 3 best knoen

electnicity =nd
thermodynamics,
Amongst other

things, <13
formulated a law

11815 18

for the heating
=ffzct of =lestric
cuzrent. He zlso

verified experimmentally the lzw of
corservation of snergy and discoversd

the value of the mechanical equivalent

of heat: The unit of energy and work:
calied joule. is named after him

for his resemrch i

10.2.2 KiNETIC ENERGY

Activity

Activity

10.6

Tzke s heayy ball Twop it on 2 oheek
bed of sand A wet b=l of sand would
e better. the ball on the sand
bed from height of abour 25 om, TH=
bell oregtes 2 depmession .

Repéat this arswitv from heighi= of
Ensuge thot 2l the depressims are
darmerirristhls. | W '
Hark the depression=to ndcars (e
height from which the Il w==

Compare their depths.

Which one of them is deefiest?

Which one = stallowes” Whv?

What kas cased fhe B2l to make =

deeper dent?

10.7
5£t1.'|;| 'J:Im apparstis-as shiown in
g 06 '

Fiars a wooden black of imown mizss
in frome-of the trolley at a convenlent
fiwed distance

Fizcs & kmovm moss on fhe pan io
that the trolsy stors moving

T oc B

Fig 10.5

*  Thenvilley moves forward and hits the

wooden Hloslk

. Fix-3 stap on-ths tabledn Surh &

manner that the mrolley stops aftar
hn:tmg the hisck The blbcKigsts
displaced

. ‘-1::.:_1: down the displatement of the
hlock This means wopk ladime onthe
hirei b five u:t:dh:r =% the blnek hax
gatrisd enesgv "

_ From “i"ﬂ]ﬂ'ﬁ_ﬂﬂ&ﬂ this aneTyy come?
Repest this S=ivits by Increasing the
MESE on .hEE.H_tl 0] which c2es is the
displafement more?

In wiich esse is the work done more?
i thigzrriviey, the meving oollev does
Frorkand hetice H possesses energy
A:mgving obiect can do work. - An object
movymg faster ¢an do more work than an
ical object monng relabvely slow: A

Cea

‘moving boilet. blaveng wind, = rotafing whes],

a speeding stone cz=n do work, How does =
bullet @erce the badet? How does the wind
meve the biades of 2 windmill? Objecis in
motion possess exergy. We call this energy
kinete snergy.

A falling cocomut, & speeding car, & rolling
stons, aflvingsircraft flowing water, blowing
wind. = running athlete etc. possess kinstic
enezgy. Insher-lonehe energy is the energdy
possessed by an ohject due to its motion- The
kinetic energy of an chject increases with its
speed.

How much sr=tgy is poss=ssed by a
moving body by virtue of is motian? By
defirition. we say thot the kinstic ensrgv of 3
body moving witha certainvelocly s equsl to
the work done oo it to maks it acgoire
thatvelonity,

117
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Let s now express (e kKinetle energy of
an obyect o the form ol in equalien. Consider
an object of mass, m moving with a untiorm
vellocity, w Lel 1t row b displaced through a
distance s when o consiant loree. Facts on it
in the direction of lis displacement.  From
Fep (1L 1), the work domie. W is Fs, The work
done on the objeet will canse a changde n s
velocty: Let s veloclly clmange from wlo o
L'l a be the acodlerlion produced.

Wi siudied Lhree equaltions of motion. The
relation connecting the Initial veloeity ()
and final velockiy (1) of an object moving
with a untform accelemiton a. and the
displacement. s1s

- =2axs
This glves
e
2a
From section 9.4, we know F=m a Thus,

using{Eq. 10.2) in Eq. (10.1), we canvwrite Lhe
work done by the loree. Fas

Lo
B

{111.2)

Solution:

Mass al the alject. m= 15 kg, velooily
ol the objct. p=4m s°,
From Eq. (10.5),

i
E,.=§mu'

!
—=15kpxidmes'ndms’

= [20}.]
The kinetle energy ol (e object ts 120 J.

h:l

Example 10.4 Wht s the work (o be done
lo increase the veloctty ol a cargom
A0 km h'lo GO km bt i mem.mﬁul
e car 1s 1500 ka?

Selution:
Mgiss ol 1he g, mf—mﬁm kg.
o nttial veloetty, nl“tﬂr = 1360 Kt [y !

5

it \ _ A x lﬂﬂﬂm
W=muwl u” | - B Eﬂﬁp_&ls
or .I W =ﬁh ms
{ N B r, El_giﬂﬂil}f.’ttm fnal veloctty of 1he car
w’:EHIlﬂj—u:r ‘1':_Iﬂgpﬂl Il';-r:ﬁ-ﬂhmll"
' = » W F =50/dm=l.
Il the obfect = stariing from s sEbonary .
posttion, that ts, u= 0, ther. Them{oce, the. tnittal ldnelic encrgy of
f [ | the car.
W= —m o .
lltl #' E, =%m i
Il ts clear ll::]l he work done 1s uqlfhl lu e
cliange m the kinelle cnergy ol an objool: 1
e ) = E':-' 1500 kg «{25/3 ms '}
1 1= 0. the work done will be '-imu" = 156050744,

Thus, the kinetle energy possessed by an
pbject ol Thass; mmlﬂ'nmvirtgmﬂlﬂuﬂitmn

The final kinvile energy of the car,

velnity. nis - 1
- E, = 5 1500 kg ={50/3m 5 'f
= S
B (7% <al (105} =B2RO00/3.1,
Thus. the work done = Change 1n
Example 10.3 An object ol mass 16 kg Is Kinolic cnergy
moving with o untiorm volocity ol 4 =E -E
m s, Whal is the kinetic energy i Wifey
possessed hy the objeci? = 156250 0.
118 Soxwx
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nestions Activity 10.11
1. What is the Kisfic eirrgy of an # Liff en object thivugh a cerain
clgect? heizht The chiect can now do woric

2 Wionr an egreseor v de beeiic It begims ) fall when 1eleazad

ETESTEY i o1 (et

#  This implies thar it hes acquired som=

2 T knetic s L_mi.__;_# =t o snargy. I raised to a greater hsight it
mnaEs .—.{,‘E% with 2 veloaty i:mdun:ﬂrﬂﬁmjr_.md_hﬂzepnﬁessﬁ
of 5:m 5 (= 25.). What will be it= < TR I :iki
fdnetic enery when s vl i e gty
is doubled? Whet: will be iis
Firzedsr .;—._l_:;—.__;ﬂ e 5 v =y In the sbove sihuabons, the energy gets
s Mireass] tiree tmmes? stared due tn the work dones on the object.

The energy transferred to an chjsct is stored
10.2.3 POTENTIAL ENERGY as potential en=rgvifit ismot ussdtocausea
§oe . change in the w=locity Erspeeﬂm-ﬁf_-:}h]aﬂ.
ﬂ.l.hﬁtllt}' Iﬂb You tansfer epexdy when vou sieich 2
. rabber band. The ensigy trafigfer e to the
& Taks'a nibber band 5 PR Ty
§  Held 1 ot one end and pill fom. the b@ﬂ_ﬁiﬁpﬁmﬂ&l ensrgy. You dowork wihile
affer, The band syeiche winding the key of 2ty egr. The energy
»  Release the band &t o= of the ends transmed_u:-Lh.tsgﬂaJ:g_'iﬂsldEissturEdas
* What happens? potential emergt?, ThE potential emezgy
*  The band wii Eﬁmlﬁﬂmﬂ?l “pessessed m;hqnhkc:ﬁtnﬂmﬂtg:mm
length OQObwvipusly the band had i irn = Hion or configuratiom.
acgitired energdy In ts-stretched i!ﬂ el S o
; .
® How did it acquire ensrgy wl'.r:n iy A(‘Hl.l'l-}" 10.12
stretched? _ # Tk & hambio SHck and mike = bow
e e 4 aﬂﬂ-ﬂmn.n*!g 10,6
+  Taks 2 slinky == shown below . H.WT&'.:&:-E-:E]ﬂfu‘ppﬂrEd by the
# sk 3 frend 1o hold-ape of 1= ends. jj EracrocsaEng . )

You hold the ctfererd and move vy - ﬂfﬂﬂlmEMJ!gaﬂﬁraﬂ&Erb:

ﬁ: friend. Fouy you releass = LW

amv:.'-ur * Nodee the: arrew fiving off the bow

".Dtir::t'tecﬁaﬂm_mﬂlcshaptufﬂm
bow

/M\ *  Thes porerris! energy storsd in the bow

diie to the change of shepe = thing tigsd
M in- the form of knetic energy in
. }mmdﬁ:eslmhm,dmﬂnﬂg— o o ST '
smrerched? L
s Tould the shnlt acouirs snergy when
s mmpx&ss.'ﬁ‘ﬂ?
Activity 10.10
* T=zkes :;a:.i"!rar_.‘i'i'lmi 1t using 6s ker
® TFlare the car on the ground.
* Didit move?
&  FPron whssdid it aoquire aeins?
®  To=s the ener u.Ef[i.lﬁIEﬂ depend on
mmf Fig 10.6: An arrow and the siretched sizng
*  Fow can vou t=s2 this? o=y the e
Woas o Emso 114
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10.2.4 POTENTIAL ENERGY OF AN OBJECT
AT A HFIGHT

An shject increases its ensrgy when r=ised
through & height This (s beranss work is
dﬁn!nnﬁa_gaiﬁstgzaﬂ’cgwnﬂf_ it is b=ng
gbject at a point above the ground is defined
a3 th= wiork dome i matsing t from the groumd
to that point against gravity.

it is =asy to arrive =t an expression for
the gravitstional pot=niial energy of a0 object
=t & height.

werrirrrrrrey e

&
FIFTETRE

gy 107

Cﬁﬂﬂﬂﬂ'mﬁbjmtﬂmﬁi,mL,l'{ﬁl
ralssd fimough a height, .ﬁfrEmtl:Eﬁ.‘uUIid_
A foree |5 required to do this. The o
force requirsd to Taise the ohjet s equal to
the Faghlﬂfﬂmvl‘ged,ﬂﬁ;n'ﬂﬂ@hﬂm
:E@rﬂpmjmhgtmkdﬂmmrt L=t the
wrk done @ the objest against gmvity bs
W, Thzt is, '

work done, W =forcs « displacement

e ags h
=mgh
q@ﬂtEﬁrkdﬂ‘Eﬂn?hEﬂh}Eﬂ*mEquﬂltﬂ
mgh 2% mnergy egual to mypfanitsis geined
by the object Thisis the potential energy (E])
of theobject
E_=mgh [10.8)

120

The potential energy of an object at
a h=ight deperds o the grovmd level
or the z=zo level you choose. An
ohjertima given positiomcanhave a
te one level and a different value of
potentisl energy with respaet to

.
o
=2
l:..
5
L=
=

It 1s useinl to nete that the work done by
gravity depends on the diffevence in vertical
heights of the initial and final positions of
the otject and not o the path alons which
tha ghifet is moved. Fig. 10,8 showsa case
where & block &5 raised from positom Ao B
by taking two differesst paths Let the height
AR = hmbaﬂaﬂzemmﬁmtﬁamaauz
o the object is moh

ol e
LW e
e

i

T X & Pl X

Fig. 10.8

Example 10.5 Find the enssgy possessed
by an object of m=ss 10 kg whenrit is at
a height of & m above the ground, Greer,
g=B8ms~

Solotion:

Mass of the objeet, m = 10 kg,
displacement (height], 2=6 m. and
acceieration due to gravity, =38 m s,
From Eq. (10,6].
Fotential sr=rgy = mgh
= DkgE=9.85ms"=s
= SER.J.
Thke potential ensrgy = HEEJ.

E£m
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Example 10.6 An object of mass 12 kd is
at a‘certain height abave the ground.
If the potental energy of the ELT_[ECLlE.
480 J. find the hE!ght at which the
opject is with respect to the grovnd.
Giver. ¥= I0ms™

Mass of the object, m= 12 kg,
potenits] sn=rgy, E =450 1

I =mgh
503 =12k~ 10ms"x k
480.J

=4 m

# = 120kgms”
The object I at thehelghi a3 m_

1225 ABE VARIOUS ENERGY EORMS
INTERCONVERTIRLE?

Can we covert ensxgy from one fpm to

anpther? We find n mature & mumber of

instaness of comversion of snergy from o=
form to dricther. '

Activity 10.13

Sit in amall groups :
comversion il natiure.

» TDiscuss fﬁL&WLng q&wﬁm:a in your
grop:
la} How'do green plarisproduce fopd?
(bl Whers da ther got thelr enesgpfiom?],

o place?
[df How =r= fitels, suclhess oosl
pereeTn e

(£ What ndds of sfergweinvirsions
guigisin the Wotsfoeels?

Activity . W 10.14

» Mg gf fhe hatman @ctivities and the
gedgets we use hvalve comversion of
=nsdviiom ons frm © anothe

»  Mzke z list of such actvides and
gadg=s.

®  [o=Twifv In edch aovity/gadget the
place.

T oc B

et 2

10.2.6 Law OF CONSERVATION OF ENERGY

In actinities 10, 18:and 1814, we lsamt that
the form of energy can be changed from one
formn to ancther What hapoens to the tois!
energy of a system during or after the process?
Whenever energy gets transformed. the fotal
eneTgy remains unchanged. This is the law of
conservation of energy, Acconding to this law,
energy can only be comverted from one feom
to another; it can oeither be created or
destroyed. The total energy before and after
the transformation remains the same. The law

of crserratim of evsTgy is valld. i
all situstions and for all Kinds of
o frmations,

Consider @ simple example Lahan object
==y, mbEﬂHd_lﬁﬁﬂﬁ'EE]!}’ﬁma height
1. Al the start, the potential enerfvis mehand
kinstc enerty is zeton. Why 15 the kinstic
extegy z=re? Itis.zert berause its velocity is
zETD, Thatnla:elﬂnh-ﬂfﬂl?ﬂb;ﬂet;sﬂmsmgh
Asitfalls:it= potentiabensrgy-will change info

‘kinetic enetg [Fyis the velocity of the object
at a given instant. the kinetic energy-would be
- tarm®. &s thefall of the ohject continues, the

potential erergy would decrease while the
kinetic epergy wonild mnorease. When the object
4s abott to reach the ground, =0 and ywill
be the highest Therefore. the kinetic energy
wiould be the largest and potential energy the
ls=st However, the sum of the potential =n=ray
and kinetic emergy of the object would be the
same at all points. That is,
poteniial energy + binstie ensTgy = constant
or

m{;h - --;--n-mr= O - (10.7}

The sum of kinetic energy and potentis] enersy
of an ghject i= it= totel mechanical eneszy.

We find that during the free fall of the ohject:
ths decrease in potential energy. atany point
in its path, agpears a5 an equal amount of
inrrease in lonetic energy: [Here the effect of
air reststamics o the motion of the object bas
been ignored.] Thers 15 thus = continual
transformation of gravitational potential
enesgy mkao iEnete enerdy.
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Activity 10.15

*  An objedt o mass 20 kg & depped
irm aeight of £ m Fill in the blanks
in the following table by compuiing
ihe pot=ntal =nergy and kinsde
enetgy-in =ach cass.

Height at |Potential | Kinetic |E +E
which object | energy

=

it by -
thie Sroomdd)

* Foor =Sngifying the cabolatons take
thevshe ol g 10 m ==

Think it over |
What would bivs haoper=d linatur=had
ot alloewed the Tansimmation of energy?
Thereis-a view that life could not havs
nzm;ﬁ:smhleniﬂmhﬂnafnrmmn\nf
ensrgy- Do youagree with this? o

10.3 Rate of Doing Work

Do all of us work =t the same rate? Pa

machines consumes or transler energy at the
sanmie raie? Agents that tamsfer energi=do
wore = different tetes. Let s understand s
rom the fellowing actviiy-

Activity 10.16

" Consider v children =3 A =nd 5.
Let e szy they weigh the same Eoth
stz climbing ap 3 fope separataly
Enthrearh ah=ightof Sm. Estus=ay
& tmiges 355 Whlle B E takes 20 s to
accompilish the sk

" Whar I th# wodk domes By =ach?®

®  The work dones i= e same Howeven,
A has 3k=n === 0me than B @ do
the woric

* Who has dome mare Wik in a-glven
tme. sav i 152

128

A shronifer person may do ceriain workin
reistively less time. A mewe paweriul ywehicle
woald {:r_r.l'm:l':letE A joinmey in A shoreer Hime
thizn a sz poweriul ons, We talk of the powsr
of machines lile motorbilkes and motorears.
Thesgeed wit wiich these vehicles changs
encigy or do work is 3 basis for their
classificalion, Powerimeastoes the speed of
work dome, tEat s, how fast or slow sk i=
dors. Power is definsd 55 the rate of doing
work or the reir ef transhy of caogy, Han
agent dossia work W in Hims &'then power s

given byl
Fower = work/ ome
“F
or F=— (0.3

i

The unit of power is watt in'hooour of
Jarnes Watt (1736 — 1819)] having the symbal
W. 1 watt is the power of &n agent, which
does work at the rate of lyjottie per second.
Wegan siso say that vovwer is-1 W when the
il consunphonp: energy s 1 J =

f watt=1yulsfssdrond or 1 W=1Js

"We express largermtes of energy transfer in

W lowatts TV
Fhlowst = 1000 w=ts
1 %W = 1000 W
} R = 1000 J 5.

The power of an agent mey vary with Hme
This means that the agent may be doing work
at differ=mit rates at different intemials of tms,
Therefore the concept of averzge power is
i=stil, We obi=in averaies povwes Dy dividing
the tita] enegy consomed By o total e
==

Exsmple 10.7 Two gitls. earh of weight 200
W elimbupatooe threugh aheightof B
a. We nmne ore o the gifs A and the
other B. Gil Awmkes 20 = while B inkes
ol 5 to arcomplish this'task Whatisthe
powED eXpETEiEd Oy £3ch gin?

Solution:
fi} - PovsT expended by gl A
Weight of the gir]l mg=400N
Displacememnt (heightl, A=8m

smeds



Time talen, £=20s
Fruom Eq, [10.5).
Fémver P = Waork dons ftime token
mah
L
JO0'NxB m
= —-Mﬁ
= 180W.
lif} Power expended by gl B:
Weight of the girl, mg=400N
Ensplacement (height), h=8m
Time taken, =350 s

.
Fower, P= Tfi

ANMIN =Bm
= Blis:
=81 W

Power expended by @irl Alls 160 W
Poverespended by grl Bis 84 WL

power, P= Work done ftims taken
i

=
BOON x 6,75 m
Gg

=37a W.
Poweris370'W.

nestions

l. What = powes 7

2 E\E‘I:—'m 1 watr of powen,

2 A lamp corsmmes MWD J of
r:ir-"—i_r_r'f exmegy in 108 I'I‘I:a.tr
t= prwEr?

Di=irie MEL'_‘;"FW'

p

Example 10.8
up @ staircass diﬂ:&pﬂﬁ;%ﬁh&

height of each step s 15 o find ks

power. Take o= Iﬂmf"‘.
Solutioo: :

‘Weight of the bay. i

mg= gi}kg-clﬂms‘*a—.ﬁﬁﬁ‘i
Height of the stairvase,

h=d45 ::.r.riﬂﬁﬂ=ﬁr:tm
Time taken ta climb:, -

From Eqg. (10,8,

i -

Fomac E=sa

ﬁbﬂ?fﬂ'mssaﬂiﬁﬁtﬁ

A::mr:tv
. S,

l-ll'll""-'j;:

: 10.17

mﬁi@ﬂkﬂt&dﬂkm

mﬂﬂﬁmmhnuss_ Obesrre f1s

ﬂ’ﬂhﬂiﬂ'ﬂbﬁﬂ?

‘Eikcﬁlfreaﬁm of the meser sach
- ﬁrﬂﬁﬂm&&i&&ﬂm

T this acrisity for about 2 wesk
NHow many ‘unitsT ars consumed

' during day tme?

How many ‘uniis’ are used during pight?
Tabmlata your shesTvations

Thr=w mﬁrﬂm from the daiz.
Compars your ohasrvations with
the d=tafls given In the monthiy
electrictty bill [One can ales estimate
the slectrietty to be consumed by
knowmn wattagss and hours aof
operaton). '
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you have

learnt

Work done on an object is defined as the magnitude of the
fores multiplisd by the distance-moved by the object in the
direction of the:applied foree. The unit of work s joule:
1 foule =-1 newton = 1 mebe.

Work done on an ghject by a2 force wonld be zero if the
displacement of the object 15 zero.

An ghjest having capability to de work is°said o possess
enerdy. Ensrgy has the same unit as that of work.

An chject in moton possesses what is kmown as the L‘.l:rteﬁc
en=rgy of the cbject. An object of mass, m moving with

velocity v has a kinstic spergy of ‘—'""’j

The eriergy possessed by abody due tr:.gh tmh:nge i1 positon
or shape is caileds i_hp Pmﬂlhal El:El-.rgjd' The dravitational
potential energy'of an object of mass. In raissd thﬂTLLgh a
h=ight. hﬁﬁg@qﬁhsquﬂggmb}mga
According to the Iy of conServation of ensrgy. emsrgy ean
only be ransformded from ot fofm to another it can neither
be -l:rﬂaj;edznﬁr dr_ﬁh'qﬁ_wj. The izl snezgy béloez and sHer
ths tramsiormation aiways remains constant.

Fwnergy exists mn meiute in several forms such gs kinstie

| Emergy. potential endrgy. heat energly. chemical energy ete.
THe sum of thekinetic and potentiz] energies of an ohiject is

czlled iis-mechanical ensry.
Power is defined &5 the mie of doing work. The 51 unit of
power iswatt ] W= 1 Jd/fs.

Exercises

“d. Lock at the aciivities list=d below. Heason outl whether or

% ¥ oot work is dome in the light of your understanding of the
tern ‘wotk

. Suma is swimming in a pond.

+ A donkey is carrving a load on s back.

. A-wind-mill is Hiffing water from & well

. A greem plant Is corying out photosynthesis.
. An engine is pulling & ain.

bt} B
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13.

14

¢  Food grains are getting drigd 'in the sun.

M A satlboat is moving dus to wind energy.

An object thrown at a cerizin angle to the fround moves in
a curvad path and falls back to the ground. The inital and.
the final points of ths path of the ohject lis oo the same
hmramtal Iime. What i3 the work done by the foree of gravity
on the ghject?

A-battery lights: & bolb: Describe the energy changes
iovolved o the process,

Certain forcs aching on a 20 k2 mass changss its velodty
from 5 m 57 to 2m s°  Calenlate the work dame bv the
force,

Anass of 10 kg is'at & point A on & table. [t is moved to &
point B. H the line joimng A and B is herizonta!, ‘what is
the worlt denz on the object by the grevitational fores?
Expisin your answen

The potential energy of & freely fFJlu:kg“:ﬂ!jE:i ‘decreases
progressively. Lloss this violst= the law of cons=rvation of
ensrgy” Why? _

What are the various Eﬂerg}* tramsfarthations that eceur
when you sreriding 2 bicyeis? '

Does the trapsfer of energy take place when you push a
huge ook with all VOur mgh_tt:u]i f=il to move 11?7 Where is
the energy you spend geingd

A gertdin housshold has consumed 250 units of ensrgy
during I onth. How miuch energy i= this in joulss?
;‘&.nﬂ"b]m Efmmlﬂkg is taised to 3 height of 5 m above
the ground. What is its potentizl energy? U the object is
:g.[[amd"u fa]l. find its kinetic emerdy when it is halfway
dOWEL

What'is the worle done by the fores of gravity on o satellite
moving round the saath? Justily vour answen

Ca:r: there be displarement of an ghject in the sbsence of

_ahyfﬁitfar'uﬂgunlf?thmh Discuss this guestion with

wonr fMends snd teacher.

A person hoids = bundle of hay over his head for-30 rmminutes
and gets tired: Has he done some work or not? Justify vour
ENSWEE.

An slertric heater 15 ated 1500 W, How murh sn=rgy doss
it use m 10 hours?

Mlustrate the law of conservation of energy by discussing
the gnergy changes which cceur when we draw 2 pendubsm
bob tc one side and allow it to oscillate. Why does the beb
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18,

18.

.l

20,

21

eventually coine to rest? What Geppens to its enerdy
eventually? Is it a visletion of the law of conservation of
energy’

An object of mass, z1 §s meoving with a constant vejocity, «
How much work should be dons on ths object in order to
bring the ohject te Test?

Calenlate the work required to be done to stop a gar of 1500
kg moving at a velocity of 60 km/h?

In sach of tHe Bllowizg afoce, F {s-actmg on a5 object of
mass, m. The direction of displacement |5 from west to sast
shown by the longer axrow. Observe the diagrams caxefully
and s&te wiether the work done by the foree (s negative,

positive or ZEIv.

Seni says that the accelaation ma&uﬁjenlrﬂtﬂﬂ.be;ﬂfm
mwhﬂlﬂgﬁml.@-mmachﬂgmﬂ;ﬁﬂmﬂgr&mﬂz
her? Why? '

Find the Enﬂ'g'_l.' joules cunsummi in 10 hours by four
geviges of powEr W e=ch,

A Freelmyfalling/object sfentuilly stops on reaching the
sroursd. \";'Ilﬁ_f.‘ happenss o = kinetic ensigy?

bt} B



