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CHAPTER 4
WORK_AND ENERGY.

# 4.1 WORK DONE BY A CONSTANT FORCE.

® WORK .The work dene on a 5547 b}’ a constan‘tforc@
l'i dtﬁy_;nec) ‘c‘lS;
ZDQFF__—‘ The I:Jrgciucit oI Hhe ma.fn'.i'ucies ST th =
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,Forc,e. in The d{recj[:on O_F__ the c:i{sflic.ernefd—,
™M athe mit;canj 5 s
WOYKI:—_ W=F.d = Fd cosd = d(FcaSS)__@

ne, 'ﬂ@e S:S]n\’ or cg.a't' Frcc}UCt G;I\', _ileit-‘l :‘ﬂcs)

Cls"SF]QC_thﬂjt and Yhe cqmrJgnenﬂf Q,}‘.'”\.Q

airs '-’za.LEr*\t’_nj: is zalled ,L’JQTK‘ W]’)Qre_ Th=

dluan"t?l‘f <F Ceo3 S> s ”ﬂme c_um]o.:nenjt ¢’¥ '1‘}1S)ZQY~QQ

’F-;) ‘n the Qiredtiron o{” The drs Y;):Ltem Q{\_t‘a\, {—F: -l;>
wWork is 2 scalar qURﬂt;'\Cy s

Explanzlion 5
Consider ,an objecl wrhreh
is l’oc:ng‘ Pu)le& 2 a
constant force F at an s
ansle ‘07 1o Tha drvreckvon +’c @

c K .
O‘F melron . Waorls 13 S2id to be Jdone when M5

,
H H
b....-:-.

forece cadsses 3 d"SFIJCEnqenT in The 1‘9037-
The werk s 2)ls s et}uéﬂ +to
the Frcéuc”t °F The magnﬂzuée
af Hha Foree and  The
COmF-:neri or Tha cl;‘sr'lszumcn‘l
Zl)or\g the c);retjtfoﬂ °,¥ Thee
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A SRy

UNIT | The sT Unit o1 werl is Nm or 'loule J
named (ca_\;ter [_l"au-nejE Prescestt Joule (!3'1%_)88‘7() ,D)
’.De‘F Werk done will be c?ual»‘ta 13, when

’ = -F°"'=—‘2 °,.¥ N 'act;‘r"tg on A be.c?\/. Q’Y‘ m ass
)lcz &;sip‘)a:es it theoush 2 distance o_;?m

2>

2 aons The Jdirection oy or
Dimension ’vshrK = Num = lcs —fn g—z,.:q—i-}co' h;z
Dipm, of Lisrik — ij - [M L:. T—’L} C
EAPLAINATION OF WORK DONE BY GRAPH.

“when 2 constanT force h
acks thresgh a distance d, AP
the evenl can be F?un‘cc) J

—_—

n

on & Sx‘mp?e g‘ra]:'?w b}a LE
[

takne dysTance Alons e Qs b >
. —-\F' c o Distance R 4
aﬂd the —f-o"te Zﬂon‘d 7’,_21':&?5, & ok >
rd
ARs T ~ Y
‘L\_Jz,_ —f—cr:_-a leQS T‘th‘ V‘QJ'/7 —F\S’@)

Tha 'Edr'ello}t will be 2 hoﬁ‘gan:tzl
S’tra.‘.caht line . Tr the Cor:—s_z;?ant Foree T:;(neufcorb
and The disyelacement d (metred are m the
Same direction Jhen the wor done is Fd Qjcﬂe)
Hence the ares Uncle_r’ a -Far:e_ci

fspla.';-ament' CUrve
can be tTaken to represenl The worlk done by tha

forz—a_ l‘
. g
In case The Foree F° s not m ths directien =1

dfsplltemerﬁt,ﬁk} \C'v"rﬂ]ol‘l 'S )o}oﬁec) lze.'tween
Fecos® and -
SPECIAL CASES.
1— Positive work - Tpthe ansle belween fore
and c\)‘sro):zr.ement is less 'Hxancqs l:E?- 6 <« qf)
ﬂ\e.n The toerk I SJ:‘& ts be FaS}f;YQ R
—_—F —3
W= F.d =Fd cas®
W = Fd (ma» Vlh:a) For co.\.e:-,)

1.e Werk is Poé‘(b‘v& When foree and &s‘thz_gmﬁ'\at“

&PfT- m)
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are n ’H—Le_ Same d,‘regt;‘aﬂ Qr ﬂﬂe..,?‘_.:rc_-a has Same

c.-amr:ancnt in The direckion b,\?_ d;SF lacement |

7 R— Neﬁa.t;ve work., I',Y_ The "m=>7e berween -S-'—OrtQ

'7ch &\s]olatemeni is czre.s.&‘er ‘ﬂ\aﬂ ST 1&)- 97°1Q
-

sqid +o be nes
C

'ThQn Thae woork s

e.¢.
buckel "%l vezker is 'fyteJ ac

(" Iy a
Ver7 s\m.g)/ “the ancele belween ccf,—-w,t
C

|Sr.>\3.t€mc_n.,)f )30 Haﬂte-
- F d - Fd CoasiSs = ——FOL

(“) The baé\7 mavYes adl‘ltnst The -')'—orct °,¥_,F_m varl on

s3.nst sfr:; v ’%7

4 ancﬁ

a haréoﬂ&lﬂ’ o) Qf‘lt .
3.—.28:‘0 work T 'Hv\_Q ;mé'\e ‘beltmqen —Farce anc‘\

dé,’:ﬂlcgme_rdf is C]Q 'ﬂxen no warlkk 1S done
W~Fc\ ~F‘CJC-=S°1~ = o ~ Ces9s = o

e. > The SUFFOrt\n‘P _Yov'c.e Q’zer‘t
to Lalance The wesdhk o%ﬂe bUcKti 4 a'?
Ye.rtl C_El’) g_..xk \Q 'H\,Q 'S F\l‘cemer\x | ;

-

is

is )‘\crgom)[:l) . S The SU}DFoo—‘t'n? -force

does sl worlc onn The byuckel . —

4.2 WORK DONE BY A YARIABLE FORCE .

cases the icrc.e does nsl rerm3in

In m:ln7l
‘coenstanl dur,no‘ 1he Prowess =f dcnn.n‘ s orl

For examplem As rockel moves 'lwa/ from the Earth
Loori \5 dene a‘-‘l:ﬂﬂs% —ﬂ-\_e —%Q"ce O'Y °‘r:Wx'E7'

'L\Jh;c\—; varmes ’15 The inverse Sjuare 04

e distance Frerm Eorths cenbtre.

@ The ,%qr:.e exertec} 57 3 Sfr.nc incredses
with the gmoun"t '3,‘: SterCh

Page3



Chapter 04 :Work and Energy
Punjab Text Book Board,Lahore

Please visit us at http://phy.mathcity.org

EXPLANA’T!ON
Cons'o\er a 1931-'1’,“—_18 i
XY - P ﬂne mcvm? _F.rcm f?om_&‘
EX te b -The F;’ﬂx has been
divided mte n’ sker't»n’teryzz] a
0,}2 duE_;lcem':f\Jbﬁs Ad Ac}
-y Ad and F

’F‘g(\a){)t Fﬂrt"tl’{
a ci_tJ\ U

———_3 .
F 2 5" "';Fn 'F°r°-¢9 moves 2 \ene 'qu ﬂﬂx

al"tOuJﬁ [ 1~ ’t ’tv
dre 'H'\-Q -Forv.QS a‘l)clﬂf" dUrfno‘ ’Fr m P " 3 b ‘
¢ :
'ﬂ\sz_ fnterygl)

on by 2 Ver.ZLLlQ'

s . Dun’n? célc%\ small ‘rterva)l 'H';{—FQP'LE, 1"5
SUPPOSQG\ to be QFPrcx constant Sa 'ﬂ;q Lner*]&clcne

-For-
the —Fn’s—t \n't'-erv:sl] <an Ee wr.ﬁcm as .
P
AW‘_ -Ad WFCQSS Ad
S;m.\ar'\]f . Worlk dene 'n the SQchc) interval s
-9 -

AWy = B 8d) = K oeesg ady

/X\/\} t‘l- Aa - Fntessn/lén
The total werx dona in moving The ob e can be

C
CQ]CU)D‘.:tE"’) b?’ aaa{ai .Zln ’ﬂfuést 'te?ms"rhergq:n,.q:
Worira) = AW & DY, oeiccc e DWW

- FCQ.':S AC& -)—-Ft'_bs@/bd I TR +F:nc¢5®n&dn

'rq ta) "“Z ,-c"’ss Ad _“—Q
GRAPHYCAL EXPLANA‘TION 9

We can ewamsne Yhis

or

<ra h 1] T iy

rap 1ed J b7‘ vPluﬁ:nz 2 : ~.Co3

f‘c_ose Verses d as shawn 2_ e = FCes®
" {-»C‘QaD The dxsFlat_emenQC LE' Teeiit

d'J, has been subdivided
)’ﬂta 'ﬂ-\a Same

n’ intervals . d
The value o,}: Feos® 2L the ;‘Q}p)
<

beétn»mﬁ N each interval is

tnci,ca‘t“qcp 197 he )‘:cm%ontﬂz lines.
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Now the 1th shaded rtc_’tang\zs has an ared F;:C°5®.Ad{_
‘ LN

which s The weri< done CﬂUan? the z_’”-a nterva).

eq . ) crsVP..s werlk dene mhsc}\ s EFPre% Qc‘ua\ ts

the sum =f areas °L all Yhe r‘ec't:znd}es as shewn 1
fre &) .

To i‘et 3 mare ac_cura)fe. result, e d:‘vaQ Th e ta't:lf

'&n'sFl;lchent nts a2 Vtr7 537‘6"2 Number e,s', ejuz] fn‘t‘erva')s
speh ’1‘5,,,,:1i each AO\ Brfrolt_htS Eﬂarﬁ .In this c3se the

~work dene \'5

W'Tot:ﬂ == Lxm,t ‘Z’_ﬂ F C,os@ Ad (:?)

Ad'—'?‘:‘ z=1
7

Thus 5 The wsric Aone bj a

Vamablc {:erte nm muvand a
Par‘txde be:tu&en two Pc)n'tg

FcoesQ——>

s eqp2l ts dhe darea under.
] <. o
The Feos9 verses o curve

\ - o

bétueeﬂ he tweo Poﬂ'xtj P ’Dfsra]:lqtmvzﬂ.t
oo . . ' d —
and b’ as shsun m SO

Fig )

v

b >

m - - um WS

EXAMPLE 4.1
A -f-crr;q ‘F" ac.t;nz‘ on
an cb:)-t& Narses waith

<
distance % 2s shown

"'_1 T Caleulate The werk :
O\cne b7 The .f.eruz as The ° )

FND 5

S WA

= \j*—d movyes .{'.rcm o —ata=Gm

Sol:

wWork élone reFrtsenth) by’ The area °_; T'Qtj:"mgle
= Am»3N 2o Nm - 27 @

-

Woric oLor;q refreSen%Qub b7 'H.LQ Qred °; 'tr?anx;-s]

2_‘_\2*2,m,(§N - 53 O — Are3el A

Aowbase = her é’}d;
-

,'. Ta’t‘:‘l] wor K dQT\Q — ZOJ*S:Y_.ZS J‘_———‘Q

—
=23
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~ P

%4.3 WORK DONE IN GRAVITATIONAL FIELD.
 GRAVITATIONAL FIELD.
'De_F “

The 5{3&:{ ;rouno{ The Earth [n which Hhe
z’r:lv."ttt.t.'gnnn force acts on 3 bacL/ s called
The «grav; )Céltc"cnﬂ} —F;’ela\ .,’
When an ebie<d Vs maved n The gr&v."t-ﬂtcnll .{::e)o"
The werk is done b7 the grav;ta.t‘en:tl —Farce,‘_l_qc___
éjsgp)a‘:{mer\i l.f. m Tha c)'”rett\ﬁﬂ o ?rlﬁ?t‘i&."bn-‘l]
I sree  The wsork s F‘:uS'vtf\/Q S0 a.d:h{‘nsbt :"ﬁ\& Work,
is n-edit't.’yq, ’ N
WORK DONE IN_ GRAVITATIONAL FIELD.

Let Us consider an

DJ'Q::L" Sp mass ‘m’ L»em.z‘
d»‘SF}Rctoh with censtant
veliti£7 Fram Fm’r\.j: N
te B 3lond warifeus
)O:tﬂ\s in 'ﬂ-:. presence
°¥ 3 SC’rQYT’fDi-‘ona] torce
CFrg 3) . In this was= 1he
fravitabional foree is e9ull 1o the weisht me
o The obiedk . ’ - °
I—WorKddonc along the ?Zﬂ\ AQE_
The work done ‘b; the Z‘PZV?’tai.‘an al Farce 2lons
the path ADB can be spit jnte tws parts;
(@) The work Aane a)onéd AD s Bere, beeause the
we;?)\i m? is f:e.—f;enc});cu)zr ts this Fzﬂx.
(b) The werkk Jdone a)ang DR s (—mgh) Lecause

the direction Q_}L T‘ng’ I olof:osi'te +a Thak °,.¥
the d»’srlla.t_emenj: \".e/- 8:}%5°

?

Hence, the worc cdone in displaving a2 bod From
< 2 <.’ . F < 7’
A 1t P ‘H-sreutéﬂ-\ ]o:lﬂw 1 s -

p]
WAP_B: © +<“m?L7= “'””f}" "‘*‘—@

Page6



Chapter 04 :Work and Energy
Punjab Text Book Board,Lahore
Please visit us at http://phy.mathcity.org

2 e Work dene alorw the paﬂw ACB .
1',\% we cans\derﬁe T;;Ln, Ac.'B,.t ran dlse bs
SF\ e upP ynte tuo Par"ts s
Qa) The work done Q_}onsf T P:L“Hn AC 1s ELSQQ mﬁ}\)
Qb) The werkk dene :Ziancci “Mhe Pﬂ.'ﬂr\ B Is Bers
beeause anﬁxle betwean we.cﬂ—{t and PZﬂ—x I's Yo .
'(r\'lus The tserk d.on,e n dasp)lt»nd The ijeti —Fram
A te BT by path 2 sy
WACB - _..mcsk ro = __mdh __“@
33— Work done aloqu The ¢urvecl pa’ib AB.
Let us now ans,o\er

Pgﬂ"\ 3 \-Q; curved one. v .
AN
Imlg\'ﬂ.e The curv-e_c) F);Lﬂm, o =%

to be broken down inte

S Serres Q’F hcr.’éon"tzﬂ h
an& vertreal s-ter as ::.72

Shown 1n -f-r?: B . There A _Asv, — —_—
is No work daene Q\ant.c.:‘ Q,j A Smaeoth Flﬁ‘» m3a

be rcPlﬂ:cc) by 2 Series
o1 Al ,nc'temn-.a) ke and Y

because md 'S Per]oendx:u]ar dss F?:ttﬁme.nts.wcfm s
done onl dur.ﬂ.d The

7 cl :Sfplat-emcnﬁ:

The wa’zaqbc:ﬂ 5t€IDS s

to the diss F)ltemer{t For
’ﬂ'\-?—St Ster “wWarl< s dom‘i
v - VL) o© 1 ) + r"t: .'17
)97Tke_ foree O,qu:w ) n72<>n§: he verlic
- c)rSFlatethﬂ'ts . Thus

Wag= =g (A7, v oy e oo v 870
s D?’\ +/37’1+ ------ -\-57'“ =h
Henece WA&"" _..mgSH @

CONCLUTION .
“% Work done i Fﬂ‘\.Q E‘QT“"L’S gr;"\/'}—t;lifgﬂa] ,
—F"elc\ is fﬂéepené ent OL'TKQ P27k fo))owed\ .)
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e CONSERVATIVE FIELD .
'De_\:

‘ The f—v'elé m which the worik dane s
fnc\efan&ant «:‘,Y_ the Paﬂ\_ —fgﬂcwec\ or
worike done i 2 closed «Paﬂ\ 'S BerS 4s

c:l\lgc) a canserv‘&tn/e —F»eWQ 72
For example ;

‘—-—- GraV; ;Lt.anil ,F;Qld
2 Eleclric .{.»Q)C,

B e M:Lg‘nefcu'; _‘::e\a\ ote .
CLOSED PATH .

De{,____‘_

R Faﬂ\ n which 2 5037 :l:i:’ttf PaSS»nQ ‘ﬁ'crouts\'u
several ‘oomis reaches the S't:?.rtn? Fc:m't
called 2 clesed ‘::a‘ﬂ—\ or §°f-
Conservalive Farces 0, Gravitakienal Force
& Elastic SF”'”“ ,.Yart:j;@ Electric force .

e NON CONSERVATIVE FIELD .

'De,y_—-—-—~ The —Y—nela " which ’ﬁxa Lo rk c&aﬁe n mav?nd
a Soo&7

'S

betwieern tuwo Pom’ts defen&s UFOT)

the path —Fcnoueo\ ket ween The two Fl*‘ks.
The -Er‘c.tona\ Force

s a

non. C.anSerY'.?j:)\’Q —‘FornQ

bezause JE an ObJeci, IS maVe_J? over A& rour-s]n Sur_FZLc'i

be&.ween tosQ Fo)nts e‘]lmno c)%e_reni rD'(}"L.S -ﬂ\l L9 g
C

Aone ‘Ldams’l T\xe .{_r c_t.qq;zl .—FQP“CQ c.«-.-.r-‘talr;)7 d‘ar’encls
on 'H’\,Q la:l'n\ ._i‘-anawga

Non Conseryal /ve Forces,
@ Air resistan==<
@ Normal Jfor:.e.

@Ten& Yol oin X S't'r,rzo

@ Pr‘DIDU)SvOﬂ —-FQY‘::_Q Q__;: E( )"Qc)ce't‘
& PV‘QF\J“&»\:H feree of @ malar ,
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7 4.4 POWER

'.DQ,F RZKL °§' dbtng CIOrEL 15 C.'.lﬂe.cﬂ pPower.
Maﬂ,ema:t.caﬂy, 3:_;_-__ aorl AW s dang n 9 time

m'tq:.rva\ Q't ’ﬁwe_n 'ﬁ\,{ aYCr:l‘P’Q quer &Urong‘ 'ﬂ\ﬁ
nﬂ"erv@-\ Dt \s ¢

INSTANTANEOUS PQNR
1,}’."5ke. raj:& 0,\"_ d.m'ng' wark is nq"t‘un:.y_crrn aﬂcp

weric 1s

2>

e'xFres.st as 3 ,F.uncb‘qn s time 'ﬂ\Qn

the instantaneous power at a any instant is dt{‘nec) as;
’.D?-,‘f_ « Rakro °,¥_ Fhe weark done to The time
‘;nterval when both are eodtrame)7 Smgw
s c2Ned jnstantanesus Power

= Limit AW
Eﬂb‘t.—_ﬁ A?,_ao Lt @

Mwhen the tosrie 1s dane 2k wniform rz:\te the averase
power and ms'l:zn,taneous pou er 2re, QC’\QIL)

UNITS . | !
| e T}"\Q. S Unv' o%‘; Power is wat! w !a,p:ar James Watt
®

-

Def Tp one Jevle o¥ work is done in One
Secand Fhan power will be one wall, 7
bwatt = 17 5§ —— @
1 Klowal = VKW =

=
Joad Wiaojs W ( Biﬁ'gev on;t Q’X_ f:owef>
1 Megawall o | MW = 1oow

1 G.;Ja wall o ) &w

.

—“«\:'W

2w ITn British End\ﬂccr.aé 373'&&»«; 'T\xa unst =f P ower
is horse pcwer (hp)

fDQ,F ___.i‘ \N‘hen werk iy done 3L The rale Q_FQS‘Q .‘;‘t 1L
n one Serend s c:zﬂte) hovse power.
, )hF=S'S=> thj}s = F4& walts @
UNITS OF WORK IN ° TERMS OF POWER.

In eleckrica)l measvrements ")l,_e un:t o_y_ workK is

e '(‘QS.S?c) a3 W-?Lt,( SQ!:oncl H;ueyﬂr, P2 comme.r{'c::l) un:%‘
O,Y- elwztﬁfr’)ta\ Qﬁ.erg7 15

s 2 Kilowatt-hour (KWh) It is

e

Page 1 O



Chapter 04 :Work and Energy
Punjab Text Book Board,Lahore

Please visit us at http://phy.mathcity.org
< /'f — i

'l]sa c;lne.al as BQQYA Q,F traJa un.t@OTU>
(4

:D“‘JE One K; o w3l hour isthe wark dane
onk hour b/ an »‘a%‘an¢_7 whese powar 'S
2 c :
one \4').:,“3.& c
- 1><w\n~ Jow O w*sc.msr_a.c,»wws

. o

- B Q*lb J = 8. GMS‘ _______@
DIMENSIONS OF POWER. |
) —2

Powear = MNerk \3' = MLT‘
Tim e

Drm. o Fewer—~ EP) __LML T 3} @
RELATION BETWEEN FORCE , POWER AND VELOCIT

It s Same’t\MEQCDQVQn.Qn’t to e.—x.};ress Powes "

t‘erm,s =f canstant force F ac_j:_,ng oy In ijecﬂf
moving ar censtanlk velocrb/ v . For examf)epwhen
The Prc‘aener o/? a motor bo&t cavuses The wa.tex‘
to exerl A concstank Foree T on the bba:L

moves with a2 censTanl v‘elcc,‘ty “3_

AS P = L:m; AW ?
: - in. L\t—-——aa A»t —Q

wWe Know AW = ]:. Ad —“\@

Potting values, we have

—
in ot— o T
4 =2 =
FHlence F = Lt ooV —————@
] Lt— o

o P=Fy | —

l(/- Pouer 1.s —H'\_g. dc:'t Pr\:.cgucj; Q; ,TFQN-.Q .'.2"‘1:! veloc»‘k/
EXAMPLE 4.2

A 3o kg man ruons up_ a long £ .cU; <1 stairs 1n
A4S .The ver"t\t.:d heuﬂ\l? kQ sEairs IS 4SS .
Caleulade his PQW‘:' DUACPUt n w?ﬁs N

Sc!- angr—-—mjl’ﬁ?O“‘)*q I mIFN A4S
T

~—

2 ~3 a
P?—-’?'q‘?‘\ul)‘gm s :[?,?%)QN
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#* 4.5 ENERGY
De_F ‘ Ca ac.‘t/ ts do weark is called ener¢7

MECHANICAL ENERGY.,

ZDQ,Y,M ‘Ene,ro\] Pcy;;esSao) 'b?' a }5%@87 due_ 't:.-:"bs

Si’ﬂj:e o rtst ar molien s e3lled MQ\'J’?&H;QJI
2> .

2>

ener97

TYPES THQrQ are two t_j PQ; b% memlwimm) eﬂQ"Q/
} — K\n?_tsc QﬂQr97/ QK E>
2 — Pettﬂtx } QTL‘Q_"27 (P E.)

OKE_

'De_Y_

Enertz?r Posse.sr‘tw\ b/ 4 )ooc)»y due -h?. ‘."cs
mehen & called XK. E,?

Formula . K.E =doamvy® o ())

—> )
or e 1.&.»”"(\\/-\«’)-— C
@ p.E

/ a Becf\;{z olua to "t's
pesition m A ferze field e- g U»—Zv;tii'caﬂ
.f.‘elc\ or becadse G_Y_ “fs cqnstra»ne_c/ sfa’re
7 s called PE
Fﬁrmu\a 3 The P.E o_'}; a bo 47 due teo cr"w.:tit‘qnilq
. fField near The surface =3 the &arth a.t‘ a he‘d\ﬂ't N
can be exFrsteJ) as ;
P.E =
| | (= mccah @
C This s called eravitabienal P.E , which is a2lways

=
/
Gl?—'t&fm?nerl I‘Q];d:,‘v@ ts same arL"tr'Lry pcs":tubﬂ which

is ass.pnao\ +the value of Zero F-E.The Earhs sw\:ace

osr 3 Fom% Qj: nﬂ__}i-m’tj .f-ram "ﬁ’u Earﬂ\ Can )DQ C\‘mSen
as 5e_r0 r'e,zf,e_ran_c )Q\/el OL zr:{\' b.'t.an:t') .t . ’I“n

Oresenal case S This rQ/F_QreleQ level i the SuVI;L.LQ
O,Y— e ERV’H’I as Phb t\tﬁ Q"_ XQI’Q P \:

UN‘TS The =T Un Q(F ene ) 1
: .—Q7 1 S )QU e (J)
DlMENS‘ON Eﬁ)im Q'P Qnt"g*/ LML. T zj
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ELASTIC P.E
:D-e;____r"'ﬂqe_ Qngrz/ posszsse& ’57’ ﬁ\:. Srerni C}\JQ ta

its comFr’esch) or sTretched state s
called elastie P.E . > '
® WORK ENERGY PRINCIPLE .
Stalement e WwWork dene on ‘HL( be q\7 s eﬁu:ﬂ -te.
The change in ite LE .
EAPLANATION |

wWhenever workK is » doﬂe_ an & boay ,4;'t iMmcredses

its enerey . Suppese 3 boé/ n_;_ mass m s mavfﬂg
w3 TR VQ\cht] \f . A Foree f" ‘lci“m:: "H\reue\n bord
A;stance ol ﬂcfeases the VQ)Qc.t/ 'ta Y, 7’71-.@—,
Trom 2+ &f’]uﬁ~cﬂ oJ% oation ot
22d = v ——~V1
or d = ; @D
}:rom_ Sezond 2w o;_ rn.:;'t:o”
= =ma _,______@
Multr P 7,nd <9 . @ ana\ @ . we c‘et

Fd = H*\(\Qt——-—— ?‘>
or Fd ::...-\**”"’VJ; "‘“) mV
=2
), —E),
A s g = Worl G)onq on The );;nc)7 ;

s W = Q:\.E')_P ,'QQE—)?;

W = Ch'—in‘g‘e_ n L E °,s: 'ﬂ‘\.t boé?’]

Thys s called Lpor)(_e_neroé~{ PP;(‘LC;PIQ4
N.B I_F_ werk s Posl’}:jv-e?'ﬂ—;a {Jnll <.E is _Cc‘rcﬁier Than “he

O i

inital K.£ and K.¥ increlses 'I'F the weeric vs an:u‘(_;vq,

e K.E decredses, When tiorX is gcroj"\l'lme K.E remaias

censtant.
I,F a ba<§7/ s ra»s-ec) U -Fram Earﬁns Surface ’H—»Q wurlcy

Aone inercdscs th = ?r;’v,t‘ﬁtcﬂ'ﬂ P E. Svmslaf” _¥ =4
Dfr:n? Vs LamPres_sec,)?'le Horik dene Qn_,_:C eﬁun Thg_ incred3e

’ts elastic P.E.
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* ABSOLUTE POTENT\P\L ENERGY
ZDe_P

The, wark clone 1N

mav,ine 4 bcclf —f-rnm
c
CEarth Surgiee t= 2
T:e.'mt far away Fremm
“he Earlh whers the value
°,Y_ (<.3} s ﬂe-}‘»'ia'??bla 1S
C C < - 2
caNed Absslute f.E.
DETERMINATION OF APE .

The relakcon {L\:r the
Cc‘ﬂtu'iai»on a_}‘_"ﬂxe WQ]’KC}LQT\.Q ):/
the '-gr:LY,'t’\i\Qﬂ:l) {che ay P.E= Mc\'\

RV

is Trye 0027' near The SUr_]r_ace Q’P '\'\xe
. Earth where The ?‘rl‘\{'}_‘f‘c'anéﬂ —Fmrte 'S can_\;tgn’t
Bul ;;F The body is d»splngagﬁ ﬂnreueh a larﬂ‘e. drstance

'n Sraca frem lel SETE G ts N (Fr “) n The
ér‘aﬁ’l'{*ﬁ\ﬂﬂgq ,_.{r_i‘@ld - Jﬁ'\l&n

T)\_o\ =1 rav.taj‘L Onal —FOT’C_Q
i ¥

will ot remasn canstant 5 Sinee it varies THVQ"SQ)y
te the Square oL The dustanee . Ss,

we &:Y;AQ ‘ﬁ—Le
Avstance bazi’.ween 1 and ™ nta Smaﬂ S'tqrs ez ch

°f xeng'ﬂm Are suvch “hak ﬁ\e value Q,Y. The force

remains anstar{t —s'or Qﬁ.c% small ste

P Hence
The tstal wWork done can be ca\cu)lﬁfﬁg b*/ BQJ*ﬂb

- 'H\&_ o or K C)_oﬂ.Q dur:hd Zl,n ﬂ\_QSE’ StQFS I,¥ V' and 7"
are the dslTances o

P¢.n>ts 1 and = reslaect»ve)z
From The centre o °f the Earth, then Yhe warnedone
dur.nz The Ji.urst s‘ter \e - &:splﬂcaﬁo a becby
From pami 1 +s Pam,’t > ean be t:i\tu |xted as-
The QsIance doebween The zenlre oL Th= S“tef and
the cenkre a1 Yo Farth will b=y

r = T tTe ¢ )

- .

I:'F' T'?_..__.r‘) — AT ———~—~(:)

the n o

s

Q
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Put’cfnz T™he value °_¥ r, In e9 *@, wre have

ro—= f‘l 7, 4+ OT - 2rl+br
z_ 2
r= o+ Ar @

Sﬁuarin@’ on both sides (e }331"'*;
C 2 .
2. 2.

2.
r:.r,—»—ﬁ;—» nar _ (35)

As QAr72.<< r‘,", Ss this term can be negle<ted as 'r',Z

C

H 2
ene< r’ = rn"+ nar —©

Puttrnz The value ST AT we have
' o 2
M= 7+ r (r:z-""'rl}

= %,;- r‘,rm———-r‘i

e, —®
The frﬂVT%ﬂifon{” —f—or:( = Z.t'ﬂx.e centre d%‘_ the S’th:ls;
Fa GMm G T SR S

r‘?—- M =Sl s AN OL'Q -
Fo GMm o (9 LA
As Thys —Y-orc.e s assomed to be constand c\ur:ni‘ Tha

xhtervlq AT | Ss tThe woric dene s
—

betnm(s;

-

= FL. AT = FAr CosiSe = _ GMmMxAT  osias
1—32 ne = —1
Th = n.qt,sn-t\"VQ S ¥n fﬂAy‘Cl&fs 'ﬁ\ﬂi Yhs oar)e .

C
has ts Cbe dene on The bcc%/ Fram po—m_t 1 1t =

becdus=e ch“SFLS.:,QmQJ is OFF(’S.;:te to .Ccrgv}—tﬁren;z) _forme,
Put’c:nz‘ The value s Ar, we sek

>
e = = &Mm - (e
mr,
e
Sfm:\ﬂr)il; . | |
wz—szz ﬂGMM,[E—‘T;

: | ]
"W — ,__GMM;[___ _—--—-]
Q"‘f)—%!“ L '~

N—]
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Hef‘lceyﬂut tot2]l werik cone in C&;_s)c.):lc_»na Q ):voa —Fre.m

Pa)ﬂj— 1 o N is Cﬂ]:u\:&i-ea) 1;.7 zdgynd UF tha marl"\ dane
C

Cll_)l’l'n'.z all These S'te]')s,

::.W + W S e 3
Fora) |—3 2 232 (N—=T—2 ¢

T (e N N
—1
On Sa‘mp'ﬁ%{caﬂ:{oﬂ , R qfe.}—
wta’tn\ = — &M M'EJ ] @
r N

I'; “the Pe'\ﬂx N s s.’r_,_.g_tt‘g —_lj: an 1‘n{?n’;fg‘ distance
Trom the Earth 5 S= ;

r = o0 'H'xgn ..—-)——-- = -l-—- =
N 2 N v
Henee ,
W‘t — C M m
otal -
There sre e Oen-e.-‘z] ! Cax ressSiean -Fcr'ﬁ\-’i ‘g"av—tﬁ'““a)

r.E 0'_?_ R be 0)7 S)’tuaie.p‘ 2k Clyb't:lnce Cr‘? —Y-er "”\1

Ear-’ﬂ'\ g
U= —&M™ -
| &M @
Thys s Xnaown a5 'HU.-_ 3}95& u""{ Va'\uq e_¥ C‘ra\"tﬁl{enl?

P.E O’T‘ 2 E-\7 a2t a distance r —'F_r-a‘ﬂ-p ﬂne cantre \"7\'

| Qrﬂ-\
é

Now, when r' :ncrga:itspﬂm srav;tational Jorce dses

eg'l:tw’e wark and U pncr-‘a,_fijﬁ_g (Q becomes less WQ?ZL"L‘;\JQ
when ‘P’ _decreases | the body falls Towards the Earth,

CHha work s Pcs;t‘»vQ and P.E de,:,,,dge5( R bctemes
more ne_caﬁ:.ve> U s Zero when (r=o9) Sha mass

™7 is m{_ n"’Ce7 33y from tha Earth Se vt s ﬁu»b& 2
ay ﬁ‘—ereﬂl choice for ma}l,nc = o :,zj: Seme arkitrar
P os: tr on_ Them_¥ere “the dwm’:e of zers F,o;rJE S Sr)DTtrar?;
and The anly ds fference °F P.E
anaother s S$gm Teand

sh suld nel be toas

J['-)—cm ane FQ).‘L’}; +s

, Se nesative values cj): LU
<.

allrm;nd
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Now 'ﬂag absolute P.E an the Sur,F:Lc-a oI The Earth s
—Found b-/ puﬁ?rng r=-R (RQC}»;U) Q’Fﬂﬁ E—*ar‘ﬂ;)

AP E ~ Ug = — &M mj

< R

The neqcf:t.t;ve Sgn shows that the EzrTh3 gr:rv;tﬁronzl
,{l{elc& -ilor' mass (m? IS zttra:vai . The Ibave e_c?.
g»'VQS The work or The @ner’z\/ reduired to take e
bcéy oul oF the Earlls grav‘.ﬂtai;an?l] _FFQL:Q 5 where
its P.E w.r.t Zarth 'S be_ra. ;

# ESCAPE VELOCITY.
When an ob\)ed s Pr-;:)ec.taél uf:wnrd

Tt Comes bl +o grcuné\ Q_F'}:q.— risiny ts 3 certam
. , . C
’he_‘?f\'\i .This s Que te T lf.o"‘cﬁ o Travity dctas
dowsn T ioity e ot
cwnward . With increx;ed mital velset ,'ﬁiQ cﬂ;jcr,t

rises ts YTha gcfrziier hereld be‘}er Camings blck., I*F
We o o

< c
; N incredsing the “critra) ‘vdac;b/ sp the
abjeti7 a S)ca«_;’e. Cemes when T Wil net reltura +o
e izrouné\ . It wirll eSc.‘l’Pe out bj"_‘ﬂ\g Tn§\uence Q_;
-;:r;av:*7 n_};*ﬂ\g E acth .

ZDe_l: ‘e

Tha fni't;:ll Ve}nc(‘l7 O'F an ob}etl rE N
which 33C ?‘ats gu‘t a_}: The Earﬁ\?s -;r:w:'b.t'cnal

i ¢
_’Z.‘e}a IS Known 25 €scape ve)acji7/ ..’,

- EAPRESSION FOR ESCAPE VELOCITY .

The escape vel:::;%;, c_crre_sloancis ts the 'mtral
Sained 57. Hh= ):m):/ ) whicth careies 3t +o 2n

C
nn_y,fn;‘}:v. d{s'tance _fr.;m the Suvrrac€ o E‘arﬂ, Is
Intia) k. E =L .my® _____&)
. L2 3 >
The werld Jdane 'n )a'y-t:m? a );o<§)7 Jl:r.;m' Earﬁ»s .SU!;}_IC-Q
to an .‘ﬂ%;nite dsstance is e_-ju:zl te the absslute
P-E c,f_ﬂk:. ):oo\;/ b E'&rﬁ\’s Sur,\%ac:e I's

APE. = gMm - (:)

R

K.E

/
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The Eooh~/ w3 ) escare osul Q,J. The ’gr'&v?t:tj:.-'ana1 _y_;elc)
\-,F e fn?’t;al < E Q’X__ﬁ\_e ):st/ S tjux] to 'H'\.Q QBSQ\UtQ
F.£. Then

2
.L%vt - GM_Z{
21 S< - R
or VESt = 1 2&™
= -—————<>
s @ - &M — _ &GM
A
Hence Vese :-FER' @

Puﬁ:’ng VJlUQ.‘_ , we hire

—Z [~
\IQSQr_J‘Z.x‘!.S ms x LLARIS

= —
= 1V %ia ms

YQ‘SC. = ”

[ P ]
Y\m 3 l

e

4.6 INTERCONVERSION OF PRE AND K.E .
Consider 2 ):::.A\/ e,;‘

¢ 2

™MASS m a:t re;f ?Lt a ‘P.E-—'ms"]'l .
C = . . 4
reihE e ahece the e T A

30":{.1:.2 of The Farth | _ T N
AT POINT ‘A . | o ¥
(P-IZ)P = m?"‘l @ P.Ezmg()l"'"o \L
and (K.E.)P - o ____.® K.E=mEA B ';[‘: h

' 4
s (F®)p ={meh |03 (h=0)
- wWhen Hha bedy s drar‘oe-\
%rom 2 cerlain hershl - its PE=- \L A4
¢

< B z:_m"f)', C
k..E and P.e are .Interckanéfe- ¢

C ' . '

AT _PoINT ‘B’. | g (2D
The P.E and K.g 2k e Pag:trqn <E) wwhen te l:nc\7

has {a\\e—n a distance (xg?fgr\orrnp air ,.Fm'ti:.‘aﬂ 15 -

PED, = rg (h —0) @
and Qo) =.-;Tm\/; —®
VELDCV&Y VB - lat TB’ can )DE_ C-Sl:ulﬁitcs) —Frcon—; "n'\e f‘:].‘f?)')
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z 2
\f; =NT + 28

c
Ae V‘Y‘=VB 7\/;-:_a 5 S= 2N , u-xe.hlve;
\/7_=.0+'2.<=->L = 2% @
S (<. E> = __,-m (fﬁx) = m’px —
Sa

(’T-E—)B: (P.E)g +Q<.E>B

Q@ E>g = mg&h——z} - mE'S'x
T-E)y =mgh | —&
AT POINT ‘¢’

At Fos(\:sen' 'c

lust be,}art THhe bcc\)7 strykes the E:rﬁ\
¢ot L&

(K.E) =ﬂ_aanv — Qe
where V Cﬂf\ BQ -)Lcurw? oul b7 e —f-eﬂuwmc r'ej
.F = V' +2.¢5

| ="
Ve =Ve v;;a 5. S =h (-

As

7 3

T
> NS = z.céh ___C)
Ve s (K E—> *m *{gk — g

_® %’ ha
(l-b) = . E) +(< tj

= o ,;_md]n

n

‘ . W
Q‘ E) e = zh l "‘—’C> , -F»“(b)
Thus at Feu\_l: C

K.E Is c:}ual to the or; dm.;l,l . E
°,Y_’H\t b-°37' Rc'huanf wLen 2 5037 _;'_3175

ts vdac.{y

increases .e: the bc&y is },:e,ncs atcelcl‘ﬁ&& ond er ’Hu_e

zci’:cﬁ oL O‘r-:lv»}&/ THE lﬂcrca.SQ n VQ)c.c.}_y results vn

the inerease i its k.E _On “he other HanA As the °<)7'
£aVWs _st )\g"fki decrcases And h?}“‘er its ‘P-E als
CAeer=235's . S . o

U;OS.S m P.E = Gamn in IK.E
°r; md (h —h > _._..~.m QV __..V

"wk'erz \ll QRJ 'V Qare VQI-:»r:,f-cg o,_Y_'H"Le. °‘57 a¥-ths
M:?Li's h, and h, res ’ozc‘k vg17; w hen nd Tr

tren 5 inv"m'\\rc.ci_-
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WHEN_ FRICTIONAL FORCE 1S PRESENT.
I_{; we assume that 2 —Fr,’txfana‘z Joree {,F’
's . }:‘!rz.se.r\"t AUN"\? 'ﬁ\e dcw.xnwarg mc’t-’ﬁﬂ 7'ﬂLEn ]

F:lrt é-,’s’. P.E s USQA 17 dafnfg wiar X 2\_5:7..;1S'L .-Y_rfc_t-'oﬁ
C L

eyl ts  ILh. The remaning P E = moh — T hH
! I = (= =S +3
\ - - C C
'S canVertech 1) K.l:;
H':ﬂr.e
4 \ @
c . 2
2
or meh = 1 _my o h
C =
Thus
i Wt
lLeoss m FP-E = Gain »n K. E e ricdens 2(_:5:7”15
Fri e,

NOB P\’}'ﬂ'}_’f_l’ ﬂ'\_Q )DQQ7 h;'z-t!—fli .H'\Q ch_rounCA, 'Tk-Q. RE
and .E are csaverfed ints seund and hexk

enerYe€s This 1s c_:ZNQ:) Aissrpation o__s' enesrd~ .,
. < f - ¢/

# 4.7 LAW OF CONSERVYATION OF ENERGY .
Statemenl < Ene.-éo7 cannst be destreyeJ,It

can be 't‘r-Zﬂ,s_Fer-mec) from one ind
nte Qnaﬂ'ﬂ?—"P bul the tsta) QTT}\';U”}_}:'D__.F

. =verfy rem3ins censtank d
EXPLANATION |

The Kinelic and Patcni.‘éﬂ ener-gfes are ball,

d{FFereni -farms D,F'n»e Same basic jq:bﬂ.tftf x:Q;
mechianieal energy Th s the tebz) mechanieal

enerey s Tha sum e,? its k.8 and £.E . It s zn
ex‘?er)‘meutn) 'Yg'tt Thal one form of enerpy can ba
converted mis ansther -i'—crm. €~9C", an ele<krical and
chemi=al eNRr2y Are mare cass ). ‘br:zhs_y_e»—.-e_cb int <
heal. Alss Tha P.E of The %3”’”‘2 objecl chansges ts
<. & Lul en strkinsg tha ?YDUY\(J)"H‘\.Q <.t chanée; inte hedt

. . c i
~and gaund\-I,F b Seems W 2n Q.ﬂ&"?'y transfer A3l seme

encrey has dfsﬂFFQﬁl‘(c“9’ﬂ’\JL lest eneroy i3 e,\;‘ten
converted M s hexnl . Ultimalte dy , 21 enccrgy transfers

T'qul't ‘n Heﬁ?ngﬁ or ant-pc;nzm-en.i,
(- I
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EXAMPLE 4 3 A bricek O,Y_ mass Zk-é 'S c&rafzfzaé -f-rem

os.i:.en Sm abuve The ?raunc) W]'\s:t 's ts

Z V=%
?

I

a r=st
Velac?’t7 a herght s} 3m 2bave The Q'rvaunc, ? -
DATA . m= 2kg rnital he.«:ki. =h,=5m ,
.-F,n:zl htasskt ,-zh,__'am , ® = 3. % m 5V,
vV, = VQ}“—‘*C'{'—/ oL briek ak h-e;'f}vj: hz
Seol. As Leass va P.E = Gamnm n <.
se pfe (h,—h) .._x_.n/gvl__v?)

=‘— A AR

9.¥ ms (5—,,-,__3,,..7:___(\[:_—-—- 7

2.

Ko

:’} 25V w2 :L Q.= m;1 l

# 4.3 NON CONVENTIONAL ENERGY SOURGES.

rake—
Consump'ttan is aboul

:llw';vs eaF\or»n
u‘ture needs . Some og.

—Fuljf.,} 'ﬂ\-Q
l— ENERGY FROM TIDES.

is being

) Qr\é toda

i
S »io

EHQJ‘Q 9

. <
g 'ﬂ-ua.

C

consumed 2t an
he Presen.t armuﬂ)

Sewh .

= ﬂ\e new SouUrctes o

elormaous

S::eﬂi{sfs are
__Y__ Ener97 ta

These ar< as .

‘c:ncvo/ can be

obt&aqzc‘ frbrn tcles

r.?'h't'ﬂj:»cn:l.) -fort-% _g’

: "l‘ke_ mean 9«\}? s e ‘L'Q

tides
tid=s raise the water

n 'H-»e sea .The

in the s<a roug}ﬂ?v twice
[

b 91517 I:,F_ the waler a2l

'Hvz— )\O‘]ﬂ toaz. s ’L‘raP\cec)

U‘) 2 basin b Cans'fruci.n,u

a cs\am Then T s Pass.Blo-

to uvse This 2s 3 Souree

°F @nec2y, The Jdam s

LAND

wa,te;r ;_s be.#fmn.d to

°—¥— bE'lcS\ﬂ o

..Fleu.b OU
cckaAdn -

Arivine Turbines,
<
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i —
- Lt T

fled at h;?h tid e ’:mc)

wakesr s relrlsed m 2 —TTIT o oo
contrell < way 2t Jow = oo
trde to drive the
turbines. At Tthe next
h\‘qé\'» tide thae dam is
Friled asain and the
rushing water also drives

+ N 5 -
vrbines and Sene ates High tide:

Water s 2Nowed to
-Flaw back yats the

e e e e e
—_——— e T

,;:2 €D VALVE CLoSED

Watesr level eﬁu:{’sqc) -

.Q\Q&rrc7%7 as ‘Skow‘f‘l'

Trda)
rdd basin, cﬁr:v:nc.cf turbines
Powcr %’taj:.‘cﬂs have {.’9':7{311 swer P};nt
c R [
been installed m Franes Turbines 3dre localted inside
== the dam.

Alask _ Argenling ete.
C

2— ENERGY FROM WAVES.
puck pledds

The tidal movement

and the winds blowins
aAcress the SUr%‘_-’Ice <=-,E

The ocean predyce

Etroncé' waler waves,

Their energy wan be
u‘h’\be_.) ts feneratc
c\zdcr;c:t7, A method

_of harness.‘ngx Wave enerey
s ts Use )arcé‘z {_\oaj:s which meve up and olown
with 1hs waves . One such device invented by
Progressmﬂ S alter s known 23 salter? duck . It

Co.n ssts Qﬁ‘ two Par’ts s
() — Duek slozk
(“) — Balantc 5:&::&?

The wayve enﬁrt7 mRKQs‘AULK %’Q:Lt mMmoyve relli:ve to

the balance fleak. The relakive motien of The duek
-‘,‘—]oﬂi is Then Used to run e]ecir‘fcff7 cxener?i‘or,s‘
c
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Z_ SOLAR ENERGY .

The Earll, receives huse aAmount Q_F eners-) C)I-T'QC'X)ZI
< <
from The Sun ea<h «:L:n.y

. EY’]Er‘%7 frem Sun s called

salar :}?ﬂcr2~/ . Evtr-y Vear The egrﬂv abgorb: Qlae-urt

4 x1a Kwh or s<lar erergy - If we csuld u‘H?je on)7
O-?/ﬁ °_F the Tnc,'o[en't Sclar Qﬂ&r?\/ 7’;"2; would be mere
ﬂnan S,u_Hj»'c{erft —E—orf The Qn't.'re L_,.J()F)Jg energn/ r'eclq?re_

men‘BCs_ Solar enerC97 aj? Nnorma)l Tnc?d\ence Qu’ts{c!e The

Ea:-ﬁ-;i &tmtu?,hare is 3boult 1.4 K,Wh:z uu)'h';}v IS 7‘6,{61’7‘&0)

as sslar censtanlt. wWhile passing Throush the
C

C
aimcst:]-.erez,'ﬂne 1ol Qﬂerg’\/ is reduvced dyue o

re%]e_rﬁ:»'aﬂ - Sc:l'ﬁe_r)’np' and ;LESQP]Q’E.’CW'; b7 Jdust

. C
..Par'bc.']es = waj:er \Iafqur.s 'ar)J mﬁ\e.—- §3.5Q5_On a

C R P
c_,ie:tr &37 a.t MNMooen _)'ﬂ\.e fn’tens:‘ty ST "ﬂ-\.e salar enerse
+ c

7

re:‘tc‘h;ni The Earths Svorface s ;-:Lblou't 1 RW m =2 This
€nery can be ysed cbf:—ec.i“]y
to heal waler usino
l:u:ze Salar re_}f]eciors Capc)
thermal abssrbers or ba
converted +s e\eti‘n‘c".%7.
In One methed the
P2l plae  colectors
are vsed Jor he;li*rmg
wakter. A t7P;c:i? coector
i's shown in 7o - Tt has a
blanckened Sircace whieh e

seimome 1 ot waker

5{':;)‘2;1
tanx®

Cala
waker

Glass cavered
beax

_Dull black
Sur%:lcQ

'BLsgp—bs =neroy d\'redlj From salar radiatien | cold

w:b’fer pPasses aver The SUY—FRQQ an& s hQDi-Qc) U‘D‘t-b
about 7—e°c.

Much h:c,crher *temrv. can be achieyed b7 csncentratine
sslar rac\{at\‘en on ts a =s=mall
huge re'}j}tzd’ors (m;rrou—s>

-—F—::r Y‘unn;nz‘ a 'tUr;:{n-Q.

c
SUr,YZLCQ Irea b7; USino

C
or lenses teo \OY‘QC)LH;Q steam
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The ©Other methed is Tha Jdire<l cenversen ot Sunl’dh’t
yht s ele<trr L\Jc/ -‘\"p,rouq;]-, The Use o_g Semi tsndu JQP
devices called soiar CQ”
voltaic cells
DQ_F “

ai =a Mnswn as P‘hbte

-

A Salar cell s = c!.ev{ge which s used
?>

~

to converl sslar energy mta eleckrmic enersy
Solar eells are Thin wafers made from silicen.Bledtrans
in the silicen cr'\,n enerey Srom sunl.pht to crexte
a Vo\{aze.'\—k: voﬂ:-apq F)rQAUQ{cD ):7 b} Smcp}Q valtaike
cell s Ve_r7' low . Th c..c)er + 5 zrei‘ SUH':'Qnt h,;sh
VDHIR‘SQ Tor Pr:uot\c:ﬁ Use
are Cannectﬁ':) in  Sermes -—FQ?‘M”’LQ‘ 2 Solar cell Pan&)

" For chm:) cl3.75 or n,uh’ts electri’e enersy
can be stored c»LJr:nD‘ The Sun ,cs\-\“t Y Nickel C;_cgm;um
b:l,ﬁ_e.nes b/ ccnﬂe_c’}: m:’ Them 't: Salar F:an. s. These
LbaMeries can than Prov,&e power ts eleckrics)
QFP iances gl n»?h'?:_s or o c\oug/ c:)37ts_

Solar cells gltheoush _ 3re expansive
2 DA
bul 1ast a lens time and

USES OF SOLAR CELLS

Q’)____%m\:r' cells are Used to P ower satelliles
having Jarge solar panels which are 1“*’-‘)“-“’t
< (@ F
—Fﬁ.c{né e Sun.
C
(“} J— Solar Cen 2Are USQC/‘ -for t’emc'te G’V‘Quﬁcy
baze_o) we&ﬂ\er SE:lilch_s QNC) raan -"-Qres—t
Lammumcc‘it»mﬂ S7s'°Ce'r~rws.

(‘.;;) —— SDI;"‘ C:L\c_d’)édfor_s are ;1155 )6 uie,
ete.

4__ ENERGY FROM BIOMASS =
Biomass s 3 Foterﬁt;a] Sevree © renewabl e
eﬂQrQ_C7I SThis .'nc_]uJes 2all the owg’nn':g materrals
such as crep residue , naktura) VQ?Q'\:ai'.'on?'treeJ)

animal C‘wn? andl  sewade . Rronass enerey or
¢

2 ‘:ree na, @ SLKC\'\ ce”.s
c

have low runnine tesT-
c
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bisc conversyan reyers ta The uUse > This mater;z)
as {-u:\ or ts canversion 1ATS -—F-uds_TherQ are
many methsds Used For The conversysn e biamass
wts 'Y—U&}S . But the most common are

(b——.:Dn'reci combustion

(ﬁ)-—— Fermentat:ion.

:Dp‘reci Qombus'tu'en methed

s Usuany :zf?fheci to
Felt @nery from waste preduchs tamw\cnb« Know n
as SQM_J ‘*‘\\Zl.'é'te,
ogx‘c—futlk such as ethans)

(a1ca}\a')> s 2 )‘QP]thmed
a_Y_ Yg’aSa)ff\Q . It s obtained
’07' 'f'ﬁ\'m en‘l‘ﬁl:t.‘an °,¥‘ biomass

USv"‘g eﬂ5\/mzs anel 1:7
Cﬁetcm

o2
<

Fesf’t\‘ﬁﬁ 'H'H‘OLS?)‘\ blcjt&r;“l}v

c

. C g

actica m Hhe 2bsence ° ai'r(oxygerb_ f
® The f‘oft"ng O_Y_ bromass in. 2 clssed tank called
2 df{ges"ter Proéu:ej B.‘egﬂs u.r}-n“glv-, can be PFPQJ)

out to use %or Coakim= and heakss
- ° C
® Th=a w3ste m?.i‘e.rfa] ‘o;_ e provess

s (7D

is 2 S'c-.:é)

oreg:lnﬁ: —fer'tq')bem Thus - Frcc’)uci‘»‘e‘o =,
’Pre\/)‘aes US  en=roy  Source and
C

ﬂx?_ Problem <

c

!::fc o2
c

lea sa] Yes

organ)é ~aste c}fsPoSZl]_
S__ ENERGY FROM WASTE PRODUCTS -

Wasta Prec)u:is bike weod waste 5 Crep res;c?ue,
and Par“c{cu?ar17 munc;}on‘l sslid wast can be

USsed t= t:é‘e't 'Qﬂeri;7 b\/ dsrecd csnversyan .. Tt s
Pro}p:t]abr the mest cormmaon)

m tohich waste
C_aﬂ_tal.r\ Ry

uSec) Canver s)yon FrDCEsg

mlter{&) vs burn’t tn 3 C.Qn_}'_-“nec)
. Heﬂj' P"QC)UCQJ m This wa ’s 'd)'ric)bﬂ?:

U'tx'};k%zc) n 'ﬂ\e Eo?ler +a PradUc_g S’tqam 'ﬁ'\an\: T2n
run 'txjr‘bn‘na ccp’eneraior.
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6 — GEOTHERMAL ENERGY
This Vs ﬂ\.e 'ne&t Q.ﬂerg-./ Qd.'trictQCD _Fr-m ?nsécLQ
e Earth m the form of halt walter or steam . S

within the Earth g‘thr'&iQC) byaﬂr“e '}Qn:’w;n&s presesses.

(1) Radicactive decay
[ 4

The enerey heating the rockKs , is CQ”Sta"t)f
[+

being released b 'ﬁ:\.e deca7 <5 radisadhve elemerits.

(‘“.) Res(;;olual heat of the Earth

At seme P\anes hat {gﬂequs rockKs 05u31]7 within

1o Km ey the Earthd swurfaceare m 2 molten and
Par’tlf rﬂoﬂ:zn s’fﬁie.'\'h‘a7 c.oncluc.t he&i Qner27 '{-r‘:m

The Earﬂ‘\g ntertor which s st Ver7 hoL .The 'bsz.

<
'o,F“ﬂxe.se rocks s aboul 2¢° ¢ Sr more.

(i) Compression of material

The :QmFr{)S\'Qﬂ D% m‘ﬂ.ﬁ‘:ﬁ.‘r:‘&‘) dQQ.'lP \'ﬂs,'eke_ the
Earth Q\sn cayses ?enermt-eﬂ <>_¥ he:d; Qnerg\/.
Tn
Some P\zms water benealh the %SreuncJ) s n wenkacd
u.);'H-\ k::t rockK s Elncg 'S ra.‘se& +a hxg}\ 'tﬁmf), lﬂa
Pressure ,Tt zomes te The sSurgflce 3s helt .SFr*'nz_sJ
Cée.ys:r_s , er S’taﬁm \{e_n*s ke sTteam can b=
o\{.-a.cre‘} + = "turn "t‘.urb{nej Q"_‘ Q\Et_tf):t g‘th":LfQ"S.

Where wates s nel f)resef\)l

and hol rocks are nel Ver7 dee\c,
Phe waler is Pum‘OaJ down 'ﬂ'\r-bug‘w
them which reﬁ‘urns as steam QL?D
The steam Yhen can be used o LA
drive turbines eor Sor direck he:xt’ng‘.
An x'nte.res't:ni \a}lenamznaﬂ

c; 3’&0 thermal e_ner2~/ s a Fti ser .
It is a het SF .—;noé‘ 4 ok c!xlsclnarscfes
§‘2’:e_2m ana hat (_,aatgr ” \h%erm?ﬁ&f\’ﬂ7’

C
W A
iy

P4
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rc.}eas:nc_s’ an - Ex}a'\l§s§ve Qolgumn );)'th 1h 2

air .Mos% 2’2752r_s Er‘urz't a T ;'rre.guhlr n'n’te.r\/21$.
T\’\¢7 usuall Scceur 1’n Yelecanic reg.‘«ans.Eaxr?.ctfeﬂ
O% ‘.2":0 ﬂrxerma) heak energy c;.’ten occyrs claser
to geyser Srcg‘n’ts. This exTracdkron s.er.'gusL/
d{s'turbs ge7lser 575'tam l->7 r‘ec)udné" head —]:Iew
ancj' aﬁUi ar Frassure, ﬁc)u‘»'ﬁer. is 2 )27’er o_g;
roc haldisne wakter that allews oizder +.

PechlaiQ ’ﬁxﬁauq‘h vt Wik pressure.,
C .
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