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| of force and displacement. It is a scalar quantity.
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WORK: At

The work done by a constant force is defined as the product of the magnitude of
displacement and the magnitude of the component of force in the direction of
displacement. ' ; :

If the force F and displac.cmcnt d make an angle 8 with each other, them work
done is given by. ' - .

- W=d (FCos 0)
Or W =Fd Cos 0
W =F o4

This shows that the work is the dot product.

POSITIVE OR MAXIMUM WORK:

When the angle between F and d is zero then the work will be positive and maximum.
W =Fd Cosf

6=00

W = Fd Cos 0°
W=Fdx 1l - b (05 0° =1
W=Fd

MINIMUM OR ZERO WORK:

When the angle between F and d is 90° then the work will be minimum.

- W=FdCos 8
A =90°
W =FdiCos 90°

W=Fdx0 -+ Cos 90° = 0

[(W=0]
NEGATIVE WORK:
When the angle between F and d is 180° then the work will be negative:

W =Fd Cos 8
5 = 180°
W =Fd Cos 180°
W = Fd x (-1) .+ Cos 180°= -1
|
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. [n S.L. system unit of wm;k is Joule and is defined as “the work dane by a fone af

iN in moving a body through a distance of Im in the direction af farc e te
H=INxlm .

In the physms of molecule and elementary particles, a much smsller unit is used.

This unit is known as the electron volt (ev).
lev=160x10"%] .
Commonly used multiples of the electron volt are 1 million electron volt
1 million electron volt =1 Mev = lﬂﬁcv '
The above units are also used for energy.

GEAV!TATIONAL FIELD:

* The space or region around the earth in which its force of attraction which can be
felt by other bodies, is called “GRAVITATIONAL FIELD”.

CONSERVATIVE FIELD:
The field of force of force in which work done 1s mdependent of the path
followed is called 2 “CONSERVATIVE FIELD”.
T R s
The fieid in which the total work done along a closed path is zero is called
“CONSERVATIVE FIELD”. g
Gravitational field is conservative field.

GRAVITATIONAL FIELD IS A CONSERVATIVE FIELD:
Consider a body of mass “m” at point “A” in the gravitational field. Thc body is
moved along a closed path ABCA, as shown in the figure.

g o AR —

LctAB—S BC*—S and CA S,

Work done in moving the body fromAtoB |

WA—PB =F.S: = FS] Cos a
Consider AADB . |
Coso = -A—D— _
AB
s = —
Sl
Wa-p=Fh ;
But F=W=mg
& Wasn ——-'mgIEI : e
Stmilacly.

Work done in moving the body fromBto C
Waac=F- S =FS, Cos 90°=FS; x 0
Waoc = g
and work done in moving the body from C to A, b
Wean=F.S, =FS; Cos (180 - B)=FS; (-Cos B) - Cos (180 _B) =—Caos
=—F8; Cos B "

a0~ wWww.educationinkarachi.org
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Cos o= —
8
S;:Cosa=h |
WC AT T Fh
But F=W=mg
Wean = = -mgh
The total work done in moving the body along thc closed path ABCA is:
Wispscan = Waos + Waac + Wc-¢.4
= mgh + 0 +- (—mgh)
= mgh - mgh' “ s
Wisnsbsa = = 0

This shows that the total work done in moving a body along a closed path is zero,

such a field is called conservative f Teld.
Thus the gravitational fi eld is a conservative field.

The second result i.e. work déne in moving a body is independent of the path
adopted can be proved by dwldmg the whole work into two parts i.e.

_ Wasaae +  Weaa R N e (])
On the other hand " R 4
= Waac LB © Wc-n\ =0 i Gty - (2)
~ Comparing eq. @ and @) | - |
- Wit Weoa =Wac +  Weaa
WA-—hB—-)C = WA—%C

Thls shows that the work done in moving a body in gravitational ﬁcld is
dePEHdent of the path adopted Thus grawtat:onal ﬁeld is a “conservative f feld”
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The rate of domg work is called power i.c.
Work

Time

f“AW” is the work: donc in time “At” then ‘average power

(- ; AW
Pa\«-

Power=

L‘\t
reand approaches to zerc then power will be ms.f.dntafﬁeous and is glvm by.
fimit AW
Pi'li ==
* At>o At
i work is ‘done at uniform rate then average and instantaneous power becomes
equal and we simply write :

P i)
: At

Power is the dot product of force and velocity:
The average power is given by formula
- AW

Pz —+ (1)

At
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if ¥ be the force acting on a body through displacement Ad then work done AW is

given by -
AW = Fs Ad .
Put this value of AW inn equation (1) 2 S’-’o "i’,‘r’:fn,
S At 5 & b u ‘{?V;'//'
FeAd e, 5 g M)
p =+%4d _1_-%0} e, &G’S‘r/ ff,ci?
Ll s, 0t or, LI
- 2, 4y ki e YO
= Ad 80 SopiNe, Cop, “IHE
P. =Fa— : S AP
bad 0‘? . /r Ry 4
At 27, s P19, ®
?523';’/,,. 73
But = £d —~ vy, =average velocﬁ_,' . ' L
m :
P - F Y

ay

__._)
If the body is«noving with instantaneous velocity V. then instantaneous power is

given by.
-3 —
Pins = F vy,
f the body is moving with constant vclocxtyv thcn power is givenas. . 2
gl B !
P=Fav

Le. power is the dot product of foree and velocity, It is a scalar quantity.
wanics of Fower: .

In international system of units, the unit of power s watt and in British
engineering system, the unit of power is horse power (hp).

Wate:
When a body does work 1Joule in ISccond then its power is said to be one watt.
U
e ] watt =
The multiples of watt are: ) T

1 kilo watt (kw) - = 1000 watts =10°W

1 Mega watt (MW) = 10°W

| Gigawatt GW)=10°W www.educationinkarachi.or
Horse Power:

When a body does work 550 fi-Ib. in one second, is called its one horse power.

DIMENSIONS OF POWER:

2
The dimensions of power are L;—I =ML T

UNITS OF WORK IN TERMS OF UNIT OF POWER:
Work

Time

- Waork = Power x Time :
The unit of work in terms of unit of power is “kilowast hour” and. is deﬁned as thC work
done in one hour by an agency working at the constant rate of one Lllowau i.e. 1000 j/s.
amlowau hour = 1000 watts x 1 hour -

= 1000 Power —g x 3600 S

Smce Power=

= 3600000 J
=36%10°)




ENERGY:

~ Energy is the capacity of doing work. There are many forms of energies i.e.
mechanical energy, heat energy, chemical energy, nuclear energy, solar energy ete.
'{ Energy can be converted from one form fo the other.

KINETIC ENERGY:
The energy possessed by ihe body by vsrtac of its motion i called
kinetic energy (K.E). ; o

‘Expression for K.E:
Consider a body of mass “m” which is projectcd up in the gravitational field with
a velocity “V”, after attaining a maximum height “&”, the body comes to rest. The work
done by the body against the gravitational force is given by work done by the body =

Force x Displacement.

- -
i Work = Feh =Fh Cos 8
But 8=0° and Cos0°=1 also F=W =mg:
Work done by the body = mgh Cos 0°
Work done by the body = mgh ———— (1)
“h” can be found by using formula

2as = V= Vi?
Where = Vi=v = = initial velocity of the body.
Ve=0 . = final velocity of the body.
a =-g
s =h = maximum height attained by the body
2(-g)h = 07~ Vi?
2oh = _VZ 1
= A WWW, educatlgnmkaracm org
o= S
2g £ S50, B
& o u iy
Substituting the value of “h™ in eq (), @de@ ,:’9 . @& %(;
s y f.f_ o &/ T
W =g X %"‘ 5?3.9;;/’5’:0 . 7{ 4\5‘,;? /;37 %
g . S o "'.R i
L 2 2 0‘_? f 4,. é} /fg
= —mv ) _ <’;‘J . S,
5{3 4y "
6g 7

. AL
we get work done by the body = 3 mv-,

This work done is the measure of the K.E of the body.

K.E = lmv1 '-
2

POTENTIAL ENERGY:

When a body is being moved against a field of force, energy is stored in it.

This energy called “POTENTIAL ENERGY” e. g. when a spring is compressed or
elongated, work is done on it in the form.of Elastic Potential Energy. When a charge is

moved against an electrostatic force, work 1s done gn it. This work is stored in the form

~of Electrostatic Potential Energy. §
When a body is moved against gravitational force, work is done on it. This work

_done is stored in the form of GRAVITATIONAL POTENTIAL ENERGY.
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EXPRESSION FOR GRAVITATIONAL POTENTIAL ENERGY:

* ™ Gonsider a body of mass “m” which is taken very slowly 10 small height **h™ in

"the gravitational field such that the acceleration of the body is zero. The work done in

moving the body is given by:
Work done = ¥a . TeFex h Cos 8

—

Where “F » is the external force applied on the body. Since the extemal force

applied on the body and the displacement are along the same direction, therefore work

" + o g vy 7 2, b s &
R B B SN, T S SR ger N e - o
DTC Y CNOEEG st Vo A5 HAVERE By I et CosQ° = 1)

: 45 tae acceleration of the body is zero theretore magnitude of externai force is
- equal to that of the force of gravity L.e.

Fex =mg
.+ We =mgh (1)
Work done “W_7 by the gravitational force Fx » is¥)
given by: ' :
" WE = Fg = F
W, = Fgh Cos 180°
- Wy =-Fzh
Fg and h are in opposite directio =
Since Fg=ang . : Szn‘:ﬁ’tﬁ’ pﬁxfl
. L . F:B Op # ‘
W, =smgh —— (2) g 6 & qq/dfg;' £2 U
— —r l? ,.' s . ¢ ‘:"
OR Mgggtoch —— () 03,,5.;;,73, Hg;xr.,, 2?; Ceai T4y
Comparing egs. (1) and (3) 080, /‘33 fa) ;,.Z’ B S o
= ' L e
Wex =-W : 26 ar
B ‘?2759

By putting the value of W, from eq. @), we get
Wey = -Wg = -(-mgh) = mgh

This work done on the bedy by an external force against the gravitational force 1S
stored in. it in the form of potential energy and is known as gravitational potential

energy represented by “Ug”.
Ug = Wex = -W, = mgh

This gravitational potential energy is the relative potential energy of the
body with respects to some orbitary zero level.

ABSOLUTE GRAVITATIONAL POTENTIAL ENERGY:

Absolute gravitational potential energy at a point is the amount of work done in
moving a body from infinity to that point.

CAL CENTRE
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EXPRESSION FOR ABSOLUTE GRAVITATIONAL
POTENTIAL ENERGY: www.educationinkarachi.org

Consider a body of mass “m” at point A (0 or 1) in the gravitational field. If the
body is lifted to a far off point B (or ‘n") in the gravitational field then work dione in
moving body can not be directly found by using the formula:

Work done = Force x displacement.
Because the gravitational force will not remain constant for such a large distance

To overcome the difficulty, divide the distance between A and B inio = large
namber of intervals each of width Ar. Ar is so small that the gravitational force
throughout this interval may be assumed to be constant.

If ¢ be the average distance of 1| and rz Spai
-_ Pl FRpp
GmM - ol iR PrWTWG

s Fe 5 2 .__.._.._p-(])’ b 0;:);;5 5 PHﬁ?"—q
r oY b B84y p . L AT
A, 7 €4, Block.q TCentra
Where G = Gravitational constant 02 T‘-’Sﬁzsoriaf H Dsp”; ; ear Jg ma’n‘
%15 a
M, = Mass of earth and 29080z, 9321'-}(&2";“?
63

F = Average force from | to 2.
and r = Average distance of 1) and ry

_hth T 1y
P vg. <4}
fo oy
ra—r = Ar . i ;
? L
Ia=— AI’ e ?1 ! "
-t Tn ,
Sa r=- = ¢ !B
? e |
25 + Ar =
r= 1 L -
2 A
;A +4rA+ A
; il

2

Ar is small,so Ar? is negligible

o FRERER PRINTING & »
i

rz:ri_l +1(n,—1) i Shop #6 g 47

r? =1 +nAr

A0TECTaT

= ‘_'F‘B 2 11 AS}'f C‘_
% : , Smorial Hosmisd) g o o0
S 24 E”! Ka s
r' =g _ J 0315-829080 / 0321.25;2!1'9
Putting 2 in (1) : 3
| GmMe
F= +(2)
hh i
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Work done in lifting the body from point ‘1> to ‘2’ given by:
' e o e e BT
= N Wiﬁz = F,Ar = FAr Cos@
Since Fand Arare along the same direction. R
; sAte
0=0and Cos 0° =1

s -0 4
Wiy =FAr

AT

' L ; v
By puiting the values of “Ar” and “F” from eqs. (1) and (2);—'?{?3 Eg{ﬁb \Qgﬁ'\é\@\;‘.\ﬂ-ﬁk
! :‘p’r‘_a‘:\ : %
e e@%\ O'L (%
GmM, B
2 . g -
Wisa = - “(r,—1,) = GmM_ [rz r‘} < Cqet, ok
LT Ln ) Q.':"\
: ;o
. = GmM, |~
8 ,r1 r, L5
43 S
e W:-—;;"—"GTD.NL -**——-*J
S W T ¢

Similarly the work done in lifting the body from point 2t0 3, 3 10 4 —~and{n - k)

to n is given by:

1 1 |

Waus =G (- | e pRTING & PHOTESTAT

' ¢ Shop # 6. BS4/1, Asif Cenfre, «
TE F B Area, Block-1, Near Usman
Wi = GmM. _‘_d,_) Memorial Hospital, Karachi i
02415-B290802 / 0321-26227¢69

g 1)
Wea1y—n = GMe ["——“‘—)

I T

o= ]
The total work done in lifiing the body from point ‘1’ to *n’ is given by:
W= W o2+ Wans + Wiy + - Wy

_ i - S
bt T2l 1 ] Bl EE &
OR W=GmM, | ———+———F+———F ./ = 5 8 O
,_ri rl r:l I! r] rl . rn*l % & I'Lt‘:- ;E g
= - o e ST AW e 'C‘t—._ .t.‘; 2‘1, k:t 'r}'
11 o o
WZGmMc A T E r——h":' -‘:g
r ot = ¥ < o
, Sk em O 6
This work done is stored in the body as potential energy. =5 T 3
I &5 - g o
; s % : . : o o)
Thus P.E of the body at B with respect to pomnt A AEE S b
. : S oK
e ' RO =S
P E = GmM, [ —_— B o
r T P

The P.E of the body at point A with respect to point B is '
su--w Www.educationinkarachi.org
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OR AU = -GmMe. P—-l}

T! I-n

. 4 i ; I
If the point “B™ lies at infinity then r,= o« and — =0
o7

AU = -GmM, Li\
_ | )
This P.E of the body at point “A” is called ABSOLUTE POTENTIAL ENER GY

AU = (P.E)ass
FP.E).M = — Gul,
r!

I “R,™ be the radius of the earth then the absolute potential energy of the body at
the surface of the earth is given by:

) T GmM
P.E - o £}

T

ABSOLUTE POTENTIAL E:NE:&&:Y AT CERTAIN HEEG"’“’

. The absolute potential energy of the body at = height “a” (& << Rg) above he

surface of the earth is given by:

OomM - omM
(PEhinr =8 = it
B M, T R
R « e, M”’ﬁ "
= _ G, ]:-+- 3 03*’490)’96,{ & S /ﬂé’{f
R ' R Zs O Sita e, ,-%;»
e 3 sl q}//?, C,{- ‘4‘9_ cf;}:-
000‘? F:{i/ff /{_ 3
A g s _ ! : e o
Using Binomial theorem, we can write =S <y : ; %oy Sar '5/[ 2, A
5 3 : ’ . "‘3;, é:.:,;f S’b 7
r = (T - Zn.
(‘+—h~ ), h«'t-\‘])( = h}Jr """" :
TR I R, “E s N -

: s . h
Since h<= Re. Therefore we can neglect the terms containing the higher powers of —.

R'c R‘:

; ' GmM [, h )
Thus (B o™= ~ - kl - J
R’e RC

www.educationinkarachi.org
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“point P which is at a height “%” from the ground.
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WORK — ENERGY EQUATION
~ OR

INTER-CONVERSION OF POTENTIAL AND KINETIC ENERGY

Consider a bo&y of mass “m” pladéd ar a

The body possesses a gravitational potential energy
equal to “mgh” with respect to the ground while its
kinetic energy is zero because its velocity_ 1S zero.

P E. of the body at P = mﬂn

K.E.of the body st P=0

Total ma'g}foka)dyalP:kE.+P£.:0+rrlgh
Total energy at P = mgh (1)

If the body is allowed to fall freely under the action
of gravity then its potential energy will go on

k4

decreasing while its kinetic energy will go on increasing because the velocity of the

body 15 increasing.

If there is no force of friction acung on the body then this P.E is converted to K.E

of the body.

When the body reaches just above the ground, 1ts potential cnergy 18 nearly zero

while its K.E is maximum 1.e.

1f “v™ be the velociry of the just before hitting the ground then K.E. ot ibe

L i
body = - mv?,

P

The velocity of the body can be found by formuia:

2gh = V£ < Vi A EQ&"\:‘-

WY - - > { 3

Where Vi =initial velocity at ‘P" =0 o : \l\\%‘\‘\\\%% L C.G-“ue'.;i
= " - "F’.T"‘- o 1\ m

Vi =final velocity at O = v 8 ;,T;-*-i‘:‘ 'BEM‘& | Hedf %jch\ i
! ) c. G N B&DC- Al (&} i _'..-.9
Zol= ¥ _ ;ﬂ . we'd.\a\ \{05’9“%.7,* g3i21%
v‘}" o) h N\Enl\oglg &0?.\

P __g S A

got

E9- ar ) = 1l:'-\' Zah = gl

P.E at O (near the ground) = > &

Total energy of the body at ‘O"= K.E+ P.E
= mgh + 0

= mf'h -—#(2)

From Eq. (1) and Eq. {

WWW, e_ducat1on1nkarach1 org
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IN THE PRESENCE OF FORCE OF FRICTION* .

[f there is some force of friction “f™ acting on the body then a fraction of its P.E is
lost in doing work against the frictional force while remaining energy is converted into
the K.L.

ie. Lossof P.E = Gain of K.E + Work done against friction
OR . Gain of K.E = Loss of P.E — Work done against friction
But Loss of P.E = mgh
| Work done against friction = fh.
IGain of K.E = mgh —
The above equation is termed “”’orla"—Erxergy Equafion 0

LAW OF CONSERVATION OF ENERGY:

According to this law, “Energy can neither be created nor is it destroyed. It can
only be transformed from one form to another. A loss in ene form of erergy is
accompanied by an equal increase in the other forms of energy. The toial energy
remains constant”.

According to Einstein’s mass energy relation:

: E = mc?, energy can be converted into mass and mass can be converted to energy.
PAIR PRODUCTION is the cxample of conversion of energy into mass.

On the other hand NUCLEAR FISSION and FUSION are examples of
cconversion of mass into energy.

PROOF OF THE LAW OF CONSERVATION OF ENERGY:

: Consider a body of mass “m” placed at a point “P” wluch isata hclghl “h"“ frcm
the ground. - - . e

P.E. of the body at P = mgh

K.E of the body at P =0

Total energy of body at P= K.E + P.E= 0+ mgh

Total energy at P = mgh ——— (1)

If the body is allowed to fall freely under the |
action of gravity then its F.E will go on ‘decreasing
while its K.E will go on increasing. &

Just before hitting the ground the P.E of the body
~will be minimum or zero while K.E of the body will be |
maximum. 1f “v” be the velocity of the body just before f

{ hitting the ground then K.E of the body = —;—mv: ;

The velomty of the body can be found by formula:

20h =VZ -V}
Where V; = initial velocity at ‘P’ =0
V; = final velocity at O =v
2=V -0
Ve = 2g




1.

KEaQO= %m X Eghlz-mg_h .
P.E at O (near the ground) = 0 _
Total energy of the body at ‘0" = KE+ P.E
= mgﬁ_+ 0 | :
= mgh ———(2) |
Let at any instant the point Q which is at a distance “x” from P.
1TV’ be the velocity of ih_e bod); at point ‘Q’ Then:

.KEMQ:%mW_

P.E at Q = mg(h — x) = mgh — mgx Ny =
V' can be found by formula: |

; ah, = 3 ¥
2gh =Vé=¥, | . 5y
(.:3?:‘?"‘""“1
where Vi =0, V=V" and h=x S Y2y
: o N2 Iz ; 5%* Q=
e G SSsE
=(V')=2gx - ; SR i S
(V')'=2gx e

KEatQ= ]Em X ng =mgx
Total energy at Q=K.E + PE . N Dt §

= mgx + mgh — mgx

Total energy at Q = mgh ———— (3)

Froom equaiions (1), {2), and (35 i can be seep inat the towal energy of the body

remains constani every where provided there is no force of friction involved during the
- motion of the body. :

If there is some force of friction acting on the body then a fraction of P.E is lost in

i doing work against the force of friction, Thus,

Total energy = K.E + P.E + Loss of energy or work done against force of friction.

Examples of Conservation of Energy:

When we switeh on an electric bulb, we supply clectrical energy to it which is
converted into heat and light energies. L.e. ' ;
Electrical Energy = Heat energy + Light energy

-

Fossil fuels e.g. coal and petrcl is stores of chemical energy. When they burn,

A o=

chemical energy is converted into heat energy 1.e.

Chemical Epergy = Heat energy + Losses

The heat energy present in the steam boiler can be used to drive a steam engine.
Here heat energy is converted into kinetic (mechanical energy), i.e.

Heat Energy = Mechanical energy + Losses
In rubbing our hands we do mechanical work which produces heat, i.e

Mechanical Energy = Heat energy + Losses

www.educationinkarachi.org
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VARIQUS SOURCES OF ENERGY:

1.

z,

*

Wiad Energy (Wind Power):
The source of this energy is wind. This energy is used in m:n;ir:g flour mills_ jt can
also be used for'various purposes e.g. for sailing boats, for rotating wheel.

Hydro Electricity (Water Power):

The source of this energy is water at some height. To store this water at height,
various dams are consiructed. This water is also used to derive electrical
generation. The electricity thus produced is used for various purposes.

. Fossll Fael:

Fossil fuels are remains of plants and animals which died millions of years ago.
The fuel can be liquid, gaseous or solid.’ Coal is being used by man since long as a
source of energy. Fossil fuel 15 used for running machines, for driving the engines etc.

Nuclear Energy: g i

The nuclear energy is produced due to the fission of a heavy nucleus. If f{ission
reaction occurs in a controlled manner (in a reactor), the nuclear energy thus
produced is used for the production of electrical power. This energy is usually
mere economical and not polluting. If the fission reaction is uncontrolled, the
enormous energy produced in the form of heat causes heavy destruction.

Fusion reaction if uncontrolled can cause much more destruction than caused
by fission reaction. On the other hand controlled ﬁjsmn reaction may generate
enormous amount of energy for us=ful purposes.

Geothermal Energy: .

Geothermal energy is the earth’s natural heat, which is conducted out from the
interior of the earth’s surface at a rate of 1.5 cal/cm?, and over a time interval
of a year, this flux to the entire surface is 1020 calories. -

Geothermal power is used in two ways. One involves the piping of steam from
naturally occurring reservoirs of steam deep in the earth and using that steam to
turn turbines to generate electricity. The other way involves the tapping into very

hot water which is some times found dccp in the earth, and using the steam from
the water to run the mrbmcs

Solar Energy: : :
The source of encrgy most easily available to us is sunhght Our lives absolute ly

. depend upon it. Mirrors and lenses have been used to concentrite the energy of

the sun’s rays into small spots. Every year the carth absorbs about 4 x 10'7 Kwh
of solar. energy. If we could utilize only 0.1 percent of the incident energy, that
would be more than enough to satisfy the entire world’s energy requirements. The
most practical way to utilize this energy is to allow it to vapourize water into
steam, which can then be used to derive turbines to produce electricity. The
voltage produced by a single solar cell is very small. In order t. get a large
voltage, a number of solar cells are connected in series forming a panel of solar
cells. This solar panel provides the electrical power directly from the sunlight.
Nickel-Cadmium batteries, according to our requirements, are connected in series
with solar panels in machine to store this energy. Then, these batteries can bhe
used to supply power to our electrical appliances. '

Tidai Energy:  www.educationinkarachi.or
The water rises along coasts due to gravitational pull of the moon on water
twice daily forming tides. This back and forth surging of water can be turned in
narrow tunnels and used for power generation.
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