Chapter 4 (' Year Physics) Work and Energy

WORK AND ENERGY

Q # 1. Define the term work. Also derive the expresson of work done by a variable force.
The work done by a constant force is defined as:
The product of magnitude of displacement and
the component of the force in the direction of the displacement.
Consider an object which is being pulled by a camtsforceF at an
angle 6 to the direction of motion. The force displaces thbject from one '
point to another point through displacemant The work donéV by the force l.éﬁ"“’se i
is described as: — . ‘ -
W = (F cos0)d = Fd cos 8
W =F.d )

Thus the work done by a force is the dot produdbaofe and displacem)e\n{’l‘!ﬁis a scalar quantity an
its IS unit is joule (J = N m). 0&

« If 8 <90°, work is said to be positive Qﬁ)

« |If 8 =90", nowork is done

&

Work Done by a Variable Force

« If 8 >90°, the work done is said to be negative E "
Consider a variable force act on a body whic it from one point to another point.

We want to find out the expression of w ety variable force. For this we divide the path
followed by the object into n short intervals o a@n?entﬂxl, Ax,, AXj, ... ... ..., AX, @ndFy, Fy, F3, oo
F, are the forces acting during these int Wy, AW,, AW;, ........., AW, are the work done during

displacement intervalx,, Ax,, AXj, ..%%..., AX, respectively, then the total Area = AA=F.Ax
work doneW;,;; by the variable for be: 2

Wiotar = AW, + AW, + 4@ ......... + AW, e 1)

The work done d@v g displacement intervad; = AW, = F;.Axy =
F; Ax; cos 0
The wor ne during displacement intervad, = AW, = F,.Ax, =
Fy-Ax, cos 6,

vork done during displacement interdal, = AW; = F3.Ax3 = F; Ax5 cos 65

Now

/Q'{/

The work done during displacement interdal, = AW, = F,.Ax, = F, Ax,, cos 6,
Putting value in equation (1), we get:

Wiotar = AWy + AW, + AW, + ... ... ... + AW,

Wiotar = F1 Axq cos 0y + F, Ax, cos 6, + F3 Ax3cosOz + ... + F, Ax,, cos 0,

n
Wiotar = Z F; Ax; cos 6;

i=1

This is the expression of work done by a variabled.
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Q # 2. Show that the work done in earth’s gravitatnal field is independent of path followed.

Consider an object of mass m being displaced w™"
constant velocity from point A to point C along iears paths in
the presence of a gravitational force. In this dhsegravitational

force is equal to the equal to weight mg of theeobj

" Path 1

Work done along path 1
A Path 1 B
The work donéW, 5. by the gravitational force along the
path ABC can be split into two parts i.®,; andWpg,.
Wape = Wap + Wpe  ~oromememe- 1) 3\\
The workW, is zero because weightg is perpendicular to this path. The wdtk, mgh; the

negative sign is due to the fact tiag is opposite to that of displacement. Thus the équeg\)crﬂj ecome:

¢
Wape = —mgh  ------mmmmme- (2) /\ \\
Work done along path 2 (o~
A ©

Q

If we consider the path ADC, the work done alonthpaD is W,, = mgh. Since the work done

along path DC i$V/;, = 0, therefore: P

Wape = Wap + Wpe = —mgh +0 = —mgh ~ =—eeeemeeees D:ﬁ ----------------------------------- RS

®) i i
Work done along path 3 '\LV‘}

To find out the work done along this curved patb;dwide it irto
series of horizontal and vertical steps as showthé i$ There is Ai ----------------------------------- NIB
no work done along horizontal steps, bec is perpendicular to o
the displacement for these steps. The work,do yorce of gravity 74/
along vertical displacements will be: %y

Ay, Path 3
Wye = —mg(Ay, + Ay, + ... oo iedF Ayy) Ay,
As Ay, + Ay@r. et Ay, =h A

Therefore

WAC = —mgh @&' """""" (4)

Thus from e%bn (2), (3) and (4), it is provéadttwork done in the earth’s gravitational field is
independent of t followed.
Q # 3. Show t ork done in a close path is zear Show that earth’s gravitational field is consenative
field. &.
ansider an object of mass m being displaced wethstant velocity along the path ABCDA in the
p%nce of a gravitational force. In this casegitawitational force is equal to the equal to weigty of the
object.
The work done along this close path ABCDA will be:
Wapcpa = Wap + Wpe + Wep + Wpp -oommmmmme- 1)
e The workW,z andW,, is zero because weightg is perpendicular to displacements along thesespath
* The workWy, = —mgh; the negative sign is due to the fact thag is opposite to that of
displacement.
e The work done along path DA#,, = mgh

Putting value in equation (1), we get:
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Wagcpa = Wap + Wpe + Wep + Wp,

Wagcpa = 0 —mgh + 0 + mgh

Wipcpa =0

So the work done along close path is zero. Hereedlnth’s gravitational field is conservative field
Q # 4. Define the term power. Show that power is thdot product of force and velocity.
Power

The rate at which the work is being done is cafledver. It is a scalar quantity and its Sl unit iatw

(W).
If the work AW is done in time intervadt, then the average powey, during this time Q@@ is
described as: %\
AW ¢
fov = 3¢
If the work is expressed as function of time, th@minstantaneous powBrat ar(\(lsthnt is defined as:
AW
P=lim — A
At—>0 At Sy
Relationship between Power and Velocity 0
If the work AW is done in time intervalt, then the instantaneo@?}kat any instant is defined as:
P=1li AW
T a0 Ac
Since work dondW = F.Ad: \é.«'?
P =i F.Ad
- A%r—r}o At (&
Aslim 2 =v &
At-0 At Q

P = Algr_% F.v
Hence proved that the power is the dot produch%and velocity.
Q # 5. Show that 1 kWh = 3.6 MJ

In electrical measurements, thémt of work ipressed as watt second. However the commercial unit
of electrical energy is kilowatt-hour:

1kWh = 1000W x 3

= 3600000@
= 3.6
1kWh = 6&

Hence proved:

Q # 6. Define the term energy. Describe the differ¢ types mechanical energy.

Energ
){' Energy of the body is its capacity to dorkvdt is a scalar quantity and its Sl unit is jpyl). the
kinetic energy, gravitational potential energy ataktic potential energy are its different types.
Kinetic Energy
The kinetic energyK. E) is possessed by a body due to its motion antvé&ndy the formula:

KE—1 2
E =5mv

Wherem is the mass of the body moving with veloaity
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Gravitational Potential Energy
The gravitational potential energd.E) is possessed by a body due to its position ixig#onal field.
The potential energy due to gravitational fieldmibe surface of the earth at height h is givethayformula:
P.E =mgh
Elastic Potential Energy

The elastic potential energy is the energy standtie spring due to its compressed or stretchée. sta

Q # 7. State the work energy principle. Also derivéts mathematical form.

Statement \
Work done on the body equals the change in itstikiemergy. ’\
Consider a body of mass is moving with velocity;. A forceF acting through a dlsta%ncreases

@

the velocity tov, then from the 4 equation of motion:

Y
3
2ad =Vf2 _VL'Z (/A

\ 9,
1 A e
=d=L1(u2-v?) e 0 N
From the second law of motion: %‘V
F=ma e )] Q ’

Multiplying equation (1) and (2), we have: 1_,
. #
Fd = ;m(vy* = vi?) \'\\
Fd =%mvf2 —%mviz ------------------- 6&‘(}

N4
Where the left hand side of the above%@tionsgihe work done on the body and the right hand side

gives the change in kinetic energy of the y. €heation (3) is the mathematical form of work efyer

principle.

Q # 8. What do you know a}b&'@ute potential emgy? Also derive its expression.

Absolute Potential Energy -
The absolut t|aI energy of an object at .

certain point is t e&one by the gravitatiofake in

displacing th ject from that position to infinifwhere

the force g%r.a ity becomes zero).

— b W

@ relation for the calculation for the potentic ¥ar x
en '§P E = mgh, is true only near the surface of the ear ‘
Wh§; the gravitational force is nearly constanit B the ; E
object is displaced through the large distancesn tthe ,.15 ":;
gravitational force will not remains constant, rit varies ;
inversely to the square of the distance. -s’| R

In order to overcome this difficulty, we divide the 2‘ % , v
whole distance into small steps each of lenigtiso that the e M N

value of the force remains constant for each srsiap.

Hence the total work done can be calculated byraddll the work done during all these steps.
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The gravitational force at the center of this step
M
F=Glg s 0

Where G is the gravitational constant, m is theqmdthe object and M is the mass of the earth.
If r, andr, are the distances of points 1 and 2 respectifiedy the center O

of earth. The distance between the center®o§tép and center of the earth

will be:
2
If Ar=r,—1r, =nr =r +Ar
2 1 2 1 \\
Hence %
n+n+Ar  2r +Ar Ar /%
poBIAET ST T A
2 2 2 €y “
Squaring above equation we get: ( /\ N
2 Ar /A2 O
Ar r r -
r2=<r1 +7> =r12+2r17+(7> A

As Ar? « 1,2, so we can neglect the

. g/
Thus the equation (1) will become: \}(\

HIZTT «S&

As the force is assumed to be constaﬁ@ingrﬂmﬂamr, so the work done in displacing the object

from point 1 to point 2 will be:

W,_,, = F.Ar = FAr cos 180° = éér = —G (A1) = =G (r, —7y)
12

2
11y A

Wl_,z = _GMm (r___
1

T;
Similarly the work done duri&e second step Iricl the body is displaced from point 2 to poirig 3

T )
2-3 — T T3
The work done d the last step is

oM ( 1 1)
_1oNy = —GMm -—
V&@ N T™n-1 TN

ane, the total work done in displacing the baatyrf point 1 to point N is calculated bt adding bp t
work dome during all these steps.

WfOf(ll = W1_>2 + W2_>3 + ot W(N—l)—)N

1 1 1 1
Wi = =M |2~ 2) + (2= ) +
1 2 2 3

On simplification, we get:

v

)

1 1
Wtotal = —-—GMm (T’_ - 1'_)
1 N

If the point N is situated at infinite distancerrdhe earth, s@, =
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1 1 1
thal = —-—GMm (r— — ;) = —-—GMm (r— - 0)
1 1

GMm

n

total = —

Therefore the general expression for the gravitalipotential energy of a body situated at distanf@m the

center of the earth is

GMm
U=-
T
The negative sign shows that the earth gravitdted for mass m is attractive.
Q # 9. Define the term escape velocity. Also derivis expression. A \
Escape Velocity b 4

The velocity given to the object on the surfac¢hefearth so that it escapes the %l’{n'gravitatfm
and reaches at an infinite distance from the saréd¢he earth is called the escape veW{ty.\ -
Derivation of Mathematical Expression for Escape Viecity éﬁ

Consider a object of mass m which is given theahitelocity v, to aage the earth’s gravitational

field. The K.E corresponding to the initial velgcis will be (j)

. . 1 2
Initial K. E =§mvesc

We know that the work done in lifting a body frohetearth surjacg{;pﬂnfinite distance is equahtwaase in its
potential energy. ‘\

I mP.E =0 GMm)—GMmk‘«bi
ncrease n r. = —(— F = T’Qy

Where M and R are the mass and radius of th&e@th,

The body will escape out of gravita?q;
P.E. of the body in lifting it up to infinity:sThe

1 Mm
2 _
Emvesc—G —_— @

fieldhie initial K.E. of the body is equal to the incsean

As g= F
Hencev gR
é?

The value ofv , comes out to be approximately 11 Kms

Q# 10.@) fibe the inter-conversion of potentianergy into kinetic energy for a free falling objet
nsider a body of mass m a rest, at a height keath® surface of earth as shown in the figure. We
Wa%to discuss the inter-conversion of potentigrgy into kinetic energy for a free falling objeatder the

action of gravity.

Energy of the body at point A T -
The potential energy of the body at point A %2 =0 A
P.E, = mgh and the kinetic energy at this pointKsE, = 0. x
Thus the total energy of the object at this positidll be: BB —mpla—5) B l h
T.E,=P.E,+K.E, K.Eg =mgx T
(h—x)
T.E, =mgh+0=mgh br -0 l
K.E. =mgh 4
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Energy of the body at point B
During downward motion, the object passes througihtdB. When the object is at point B, the body
has fallen through a distance x.
P.Eg =mg(h —x)
And K.Eg =%mv§
The velocity at point B can be calculated usfigquation of motion.
vf = v} =2aS

Herevfsz,vizo,Szx,azg

v:—0 = 2gx ’\\1\'
Vg =./2gx /% /

1 A )
K.Ep = Em(ng) = mgx /\ \\
The total energy at point is A b
T.Ep = P.Ey + K.Ep 0‘

T.Ez = mg(h — x) + mgx = mgh &v

Energy of the body at point C
At point C, just before the body strikes the eatttle, potenti?I g}nergy and the kinetic energy well b

P.E.=0 :
1 >

K.E. = —mv?
c vac

The velocity at point C ca)rﬁ)g calculated udfi@quation of motion.

vf — v} = 2aS \«

Herevf = V¢, Vp= 0?5 =ha=g
2

vE—0= ngbb

UC = 1[225 !

1
K.E. = -m(2gh) :@
PO

The total energy at p&@

T.E. =P K.E.

T.E; = mgh = mgh
Conclusi @

@)m calculations of energies of falling objectsdiffierent points, it is clear that potential eneran
bé%\ sformed into kinetic energy and vice veloséthe total energy of the system remains the same
Q # 11. State the law of conservation of energy.
Statement

Energy can neither be created nor destroyed but it can be transformed from

one kind into another.The total amount of energy remains constant.
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EXERCISE SHORT QUESTIONS

Q # 1. A person holds a bag of groceries while stdimg still, talking to a friend. A car is stationary with
the engine running. From the stand point of work, low are these two situations similar?

Ans. In both the above two cases, since there is mq@atiement, therefore the work done will be zerondéein
this respect, the two situations are similar.

Q # 2. Calculate the work done in kilo joules in fting a mass of 10 kg (at steady velocity) througla
vertical height of 10 m.

Ans. The work done W on the object will be stored infitvem of P.E. Therefore: )\\
W =mgh % Y
= (10)(9.8)(10) /
=980J rA \"D
=0.98J / /\ !
s
Q # 3. A force F acts through a distance L. The fae is them increased to 3k &ﬂ%ﬂ then acts through a
further distance of 2L. Draw the work diagram to sale. ‘_ 0‘
Ans. The force-displacement graph is shown in the figure Q t
As the work done is equal to the area under tbecef =
displacement curve. Hence .\{_Vq g 2F
WorkDone W =(FxL)+(3Fx2L) ‘\‘/\ .
= FL+6FL &‘b‘
=TFL . < 0 L 2L 3L
Q # 4. In which case is more work done? Wh Q,SCQ lbag of books is Displacement

lifted through 50 cm, or when a 50 kg crate std through 2m across the floor with a force of 50 N

Case 1. b’

Mass  m=50kg (ba
Height h=50cm= 0.5@
Work W=7

Work

Case 2.
. m=50kg
@ ance S= 5@m= 0.

‘Q& Force F =50N

Work w=7>
Work W=FS

=(50)(2
=100J
Hence in i case, more work is done.
Q # 5. An object has 1 J of potential energy. Expla what does it mean?
Ans. It means that work has been dome on the body byoatfve of 1 N which has lifted the body through a
distance of 1 m. This work has been stored in tiay/bn the form of P.E. which is 1J.
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Q # 6. A ball of mass m is held at a height;tabove a table. The table top is at a height,labove the floor.
One student says that the ball has potential energyngh; but another says that it is mg(h + hy). Who is
correct?

Ans. The T' student has taken the table as the point of neferéor calculating the P.E. While th& atudent
has taken the floor as the point of reference. @b are correct according to their own points éérences.

Q # 7. When a rocker re-enters the atmosphere, itsose cone become very hot. Where does this heat
energy come from?

Ans. The atmosphere of earth contains a large numbelusif particles and water vapors. So when a rocket

enters into the atmosphere and passes through phesees, due to the force of friction, the kinei?w of

the rocket is lost in the form of heat. That's wtsynose cone becomes very hot. %
N o D
# 8. What sort of energy is in the following:
Q gyisi wing A VD
a) Compressed spring /\' \
b) Water in a high dam P
A ©O

¢) A moving car

Ans B
a) Elastic Potential Energy Qﬁ‘)
b) Gravitational Potential Energy
c) Kinetic Energy .\é.«'?
Q # 9. A girl drops a cup from a certain height, wh:h(g\;;}s into pieces. What energy changes are
involved?
Ans. When the cup was in the hands of girl, it r&ygmidnal P.E. When the cup is dropped, its P.E. is
converted into the K.E. On striking the grourﬁgxxhergy is converted into sound energy, heat grang
work done in breaking the cup into pieces.
Q # 10. A boy uses a catapult to throw one whiaccidentally smashes a green house window. Listet
possible energy changes.
Ans. Initially, the catapult had ¢ P.E. when thene is thrown, its P.E. is converted into K.E. €driking

the window, this energy F@ erted into soundrgyeheat energy and work dome in breaking the waind

into pieces.
>
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