. After studying this chapter, the students will ba able to: -

&  Denve the formulafor kinetic energy {using the equations of motion]

& Derive an expression for absclute potential energy of a body at 5 cartain position in the
gravitational fiald [including escape velocity]

& Deduce the wark done from farce-displacement graph.

4 Differantiata betwaon consarvativa and non-consanativa Topces @o

41 WORK DONE BY A CONSTANT FORCE
Let us consider an object which is being pulled by a constant force F. The force displaces
the object through a displacement d in the direction of force. In such a case, work Wis

defined as the product of the magnitude of the force F and magnitude of the displacement
d. This can be written as:

W= Fd (4.1)
Equation {4.1] shows that if displacement i zero, no work
is done even if a large force is applied. For example,
pushing on a wall may tire your museles, but work done
is zero as shownin Fig. 4.1.
The force applied on a body may not always be in the
direction of force as shown in Fig. (4.2). I the force F
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W= (Fcosd)d = Fdeost .ooem 14.2)
or W=Fed e (43

Equation (£.3) shows that work is a scalar quantity.
The unit of wark is joule (J). Fram Eq. (4.1), we havea

&
W

1J=1Hm | JFmEB

When a constant force acts through a distance d, the Fig. 4.3
event can be plotted on a simple graph (Fig. 4.4). The
distance is normally plotted along x-axis and the force
along y-axis. As the farce does not vary, in this case, the
graph will be a horizontal straight line. If the mnatﬂﬂt Pl
force F (newton) and the displacement d (mefre
the same direction, then the wo :

meﬂ‘ua definition of work, we find that:

(i) Work is a scalarguantity.

(#) [f6 = 90°, work is done and it is said to be positive work,
(i) If 6= 50", nowork s done.

i) I8 =807, the work done is said to be negative,

(] al I.litnf'wcrk i3 Nmknown as joule (J).

In many cases the force does not remain cunslantdunngthe process of doing work. For
exampla, as a rocket moves away from the Earth, work is done against the force of
gravity, which varies as the inverse square of the distance from the Earth's centre.
Similarty, the force exerled by a spring Incraasas with the amnuntofstralch Hnw
calculate the work done in such situations?

ﬁu pDImC'a




ing each small interval, the force is supposad
to be approximately constant. So, the work dona
for the firstinterval can then be written as

AW, =F,.ad,=F, cosb, Ad,
andin the second interval
AW, =F,.Aad, = F, cosbAd,

and s0 on. The total work done in moving the
object can be calculated by adding all thesa terms.

W =AW + AW+ AW
=F cosd, Ad+ F cosd, Ad+......o+ F cost, Ad,

oF Wi = IF costad e (4

yarses o as shown in Flg. 4.6. The
has been su i B
intervals, ThrEr valu

Po A,

Pig. 4.5
A particle acted upon by a
variable force, moves along
the path shown from point P o
pointil,

[ nral Thus, the work done ghran by Eq - 4 equals the sum nl‘ the areas -nfall the

rectangles. Ifwe sub-divide the distance into a large number of intervals so that each Ad
becomes very small, the work done given by Eq. 4.4 becomes more accurate, If we lal
each Ad toapproach zero, then we obiain an exact resull for the work done, such as:

Wi = Lm'r .E.F’ COBO AL i (4.5)

I this imit Ad approaches zero, the lotal area of the
rectangles (Fig. 4.6) approaches the area betwean
the Foosi verses d curve and x-axis from Pto Q as
shown shaded in Fig. 4.7.

Thus, the work done by a variable fores in moving a
pariicle between two points is equal lo the area
under the F cost verses d curve between the twa
points P and Q as shown in Fig. 4.7.

-DF; 4]

Displacement 0 —
Fig. 4.7
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o =4 m, plus the area of Iriangular section from d =4 m to
d= 6m.

Hance

Work done represented by the area of rectangle =4mx 5N
'EDH m=20J

Vilork done represented by the area of tiangle = xzmxﬁﬂ

Fib) —»

T —
Fig. 4.8

IE Nm=5J
Therefore, the total wark done =204+51=25d

4.3 CONSERVATIVE AND NON-CONSERVATIVE FORCES

cunsarwatiw Forces m

The space around the Earth in which its 58\ r::allsd the
gravitational field. When anubja lafipna Id the work is done by
magrmﬂtahnnalfur spla it ufgmwtahnnaﬂfnme thework is
positive. If the disp ‘ gravitaunnﬂ force, the work is said o be

negative. ] ‘ T
VW&%W property of the gravitational
fo at when an object is moved from one place to  ©__

another, the work done by the gravitational force does 1
ot depand on the choice of the path. Let us exploreit.
Consider an object of mass m being displaced with E:
constant speed from point Ato B along various paths m
in the presence of a gravitational force (Fig. 4.9). 1N wferrerrr
this casa, the gravitational force is equal to the waight
mg ofthe object.

The work dones by the gravitational force along the path 1 (ADB) can be split into two
parts path 1 (ADB). The work done along AD is zero, because the weight mg s
perpendicular to this path, the work done along DB i3 {=mgh) because the direction of mg
is opposite to that of the displacement i.e., B = 1807, Hence, the work done in displacing a
bndyfmﬁ.tﬂﬂﬂ'mughpem 1is:

o= 0+ - mgh) = - mgh
If we consider the pa1h 2(ACH). th&wk dori alnn«g AC s
done path 2 (ACB) along CB is zero, ms@fu

. ﬂ'remved path to be broken downinto a



sanes of horizontal and vertical steps as shown In v

Fig. 4.10. There iz no waork done along the horizontal T_) by 8
staps, because mg is perpendicular o the displacement N rffT
for these steps. Work is done by the force of gravity only ,-'f"“\k‘\ ¥

along the vertical displacements. During the segment AB, J gj 8
mg is naot negative; (1 s positive. But hare all Ay alemants i A A l
are negative, so the products of mg and Ay for all the J‘:-t‘é ---------------------
elerments will again be nagative, Therefore, we can write: Fig, 4,40

| We=-mgliy, + Ay +Ay,+ L 44y g;mﬂ;ﬂl;‘ mm
Ag Ay, + Ay, ¥ A+ o AR =H ¥ displacements. Work Is done
Hecd W, = - mgh onty during the y dEsplacemants.

The net amount of work done along AB path is still {-mgh). We conclude from the above
discussion that:

Work done by gravitational force is independent
Ean You prove Ihai thi work done, @nn 3

AzBhown al:lcwe. the gravitational force is a8 conservative force, other examples of
conservative force are elecitrostatic force and elastic spring forca,
Non-Conservative Forces
Alltypes of forces are not consarvative forces.
A force is non-conservative if the work done by it in moving an ohject
between two points or in a closed path depends on the path of motion,
The kinetic frictonal force i a non-conservative force. When an object slides over a
surface, the kinetic frictional force acts opposite to the motion and does negative work
equal in magnitude to the fricional force multiplied by the length of the path. Thus,
greater amount of work i3 done over a longer path between any two points. Hence, the
work depends on the choice of path, Moreover, the total work dong by a non-
consanvative force ina dosed path is not zera.
Other example of non-conservative force are air resistance, tension in a string, normal
force and propulsion force of a rockel,
4.4 -PGWER
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Power is the measure of the rate at which work is being done.
i work A Wis done in a time interval Af, then the average power Faeduring the interval At
% dafined as:
AW
Pu= A e (4.6)

If work is expressed as a function of time, the instantaneous power F at any instant is
defined as:

P: e—— fomm ey 4-?
L#ﬂﬂg._ﬂ T (4.7)
where AW is the work dome in short interval of time Af

Sinca AW = F Ad

Hence

Sinca

Haht

=
=0 gq‘u. :
egsuremeants, the unit of work is expressed as !

wall second, However, a commercial unit of : """"“""""”:::r 1

electrical energyis kilowatt=hour. - . -
Jumbo Jot Arcrat. 13610

One kilowatt- haur is the work done in one haur by “Car at 90 km i’ 1.1x10"

anagency whose power is one kilowatt., e 2o’
‘Cobaured TV 0

Therefore TEWh=1000W x 3600 s Flarsh light {tweo collt) 15

or TKWh=3.6x10"J=3.6MJ s i A

Example 4.2: A70 kg man runs up a long light of stairs in 4.0 5. The vertical height of
the stairs i= 4.5m. Calculate his power output in watls,

Setiion:- ek

Power = —— It bakas aboul Sx10° J of energy to
f & ﬂ!hlﬂiﬂ and tha car then umes

_ TOkgx9.B8ms™x4.5m about 1X10™ J of energy from geto

&= we S

P mtals e in it life O@@
e

K. Thare are two basic forms of snergy:



i) Kineticenargy 4l
Kinetic energy is the energy possessed by a body due to its motion and potential
uwi&huwmhyammmhwmw '

The kinetic energy and the potential energy both are the kinds of mechanical enargy.
Kineatic Enurgy

Let us derive a formula for the kinetic energy of a maving body. Consider a car running
with a constant speed on a road. If its engine is switched OFF, it will still cover some
distance before stopping. As long as it is moving, it is doing work against the force of
friction of the road, In other words, during this interval, it will exart a force equal in
magnitude 1o the force of frichion £ Let the distance travelled before coming to rest be d,
then the work done by the car would be fo, This work is dona by the car dua 1o its motion.
The ability of a body to do work due to it motion Iz s kinetic energy. Therefore, kinetic
enengy of the caris equal o fd. The acceleration can be found by using Mewton's m

law of mation, i.e., n @ @@

Polanial energy

As the car slows down and fi 5 (e apeaberslion < negative because it is
pmdumdhy!‘nrm@)iﬂ& paite tothe m::tinnnfmnﬂ-nn Thus,

o f
o A

Wetan now determine the ‘-!aluer of {fd ) by using the third equation of maotion, i.e;

Zas5 = '.r —v
Here, Inifial velocity v = For Your Information
Final velocity v,= 0 Approximats Energy Values
Distance S=d ""‘"’" — ‘""’“Mﬂ,‘f"‘
F f Bur ning 1 kan coa
Acceleration as- }{i Burning 11itre petral  SxA0°
Putting values in the above aquation of motion, we have W& “"““’:ﬁm i Ll
23_[ r]d’ 0=y Runining Perscn at Axin
10 hm k'
fd 1 Fissicn of one glom 1Ex107
- Eﬂw ~ of umnum ;
As fd is equal to the kinelic energy of body, therefore, SR ol B
Kinetic energy = ‘Emv’z (4.9)
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Solution:
Giventhat v=16ms’, d=80m, w=18620Nand f=7
The kinetic energy of the caris equal to the work done by It before slopping, i.e
%mv’ = fd
Here m;ﬂ;w;-]gm ,
9 O0Bms ik
Futting the value in the above eguation, we have
%x'tﬂl]ﬂ kg = (16 m s1)'= =80
or f=3040M

Putential Energ'f
200y gﬁ%f‘sm e.g.

otential Energy b

The absolute gravitational potential energy of an cbject :
ata certain position is the work done by the gravitational a4
force in displacing the object from that position to
infinity where the force of gravity becomes zero.

The refation for the calculation of the work done by the 1 $ﬁr
gravitational force or potential energy is mgh, which is true
only near tha surface of the Earth where the gravitational
force is nearly constant. Bul if the body is displacad through
2

alarge distance in space, let it be from paint 1 ta N (Fig. 4,11)
in the gravitational field. then the gravitational forca will not
remain constant, since i vaneas inversely to the sqguare of the
distance.

In order to overcome this difficulty, we divide the distance |
batween points 1 and M into small steps each of langlh Arsg

= st miae e ]

e — - e ——




53 nedurmgthefrﬁt step 1.8, displacing a body from point 1 to point 2 can be
calculated as below, The distance between the centre of this step and centre of the
Earth will be:

refth et
< =
As f—hHEAT then fa = Al i
Henca rs ‘—-""E—*Mnr,+% A [4.1[]]

The gravitational force & at the centre of this step is

F =G”'_:‘“,_ ....... e (811) .

whera m = mass of an object | A = mass of the Earth
and &= Gravitational constant

Squaring Eqg, 4.10
- YL
-"r""— %ﬁ tra B |2 mora enargy reaching
‘Earth in 10 days of suniight
than in all the fossil fuels on the

Earth,

r1 , 5O {ﬂf:lz can be neglected as compared to i’
Hence rt =r, + A
Futling the value of Af=f —r,
F=g +ri{e-r}=nn
Hence. Eq. 4.11 becomes

F=. E ﬂ ...... e {4'1 2}
hty

As this force is assumed ta be constant during the intarval Ar, so the work done is:

Wi, = F.AT = FAr cos 180° = - GMm f‘_r’
1.2

The nagative sign indicates that the work has to be done on the body from point 1102
becausedisplacement is opposite to gravitational force. Putting the valuenfﬂ@

7 T
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Similarly, the work done during the second step in which the body s displaced from point
2lo3is:
Wo-ss =-GMm | -1
and the work done in the last step is: " 1Mﬁ:mmdm:- ’ﬂ
Wr(.1—3-u =—G-Ml'ﬂ' L—lJ 4 il
Frer T

Henca, the total work done in displacing a body from point 1 to N is calculated by
adding up the work done during all these steps.

Wom = Wias + Woast b W

| | = -G Mm &-%}&-%} ........ +|r"r r—{r
On simplification, we :?:z_ i [ @ @@W ébm
If the point N is ﬁl%

Giim

i
This total work by definiion is the absolute potential energy (F.E} as stated earlier
reprasentad by L

Wiom=—

= GMm

This is alzo known as the ahﬁnrme value of gravitational potential energy of a body at
a distance r from the centre of the Earth,

Mote thal when rincreases, U becomes less negative Le., Uincreases. I means when
we raise a body above the surface of the Earth, its P.E. increases. Therefore, if we want
to raise the body up to infinite distance, we will have to do work on it equal to GMM: o
that its P.E. becomas zer. R

MNow the absolute potential energy on the surface of the Earth is found by putting
r= R{Radius of the Earth), 50




4.6 ESCAPEVELOCITY
It is our daily life experience that an object projectad
upward comes back o the ground after rising to a certain
height. This is due to the force of gravity acting downward.,
With increased initial velocity, the object rises lo the
greater height before coming back. if we go on increasing
the initial velocity of the object, a stage comes when it will
not raturn to the ground. It will ascape oaut of the influanca
of gravity.

The initial velocity of an object with which

it goes out of the Earth's gravitational

field, is known as escape velocity.

The escape velocity coresponds to the initial kinetic energy gained-by ﬂm@m
carmies it to an infinite distance from the surface of the W o}

We know that the ram Earth's surface to an infinite distance is

acual o thed ‘ Ll A
o i MM Mm
WMMS&mPE =0-G-)=6

where M and R are the mass and radius of the Earth respectively. The body will escape
out of the gravitational fiekd if the initial K_E. of the body is equal to increase in BE. Then

1 - Mm
Emk"m = Guﬁf
or Vi = E (4.14)
I R
G G
As 9= 5r ar gR= =
Hence Voe ® 2GR i (4.15)

The value of v comes out to be approximately 11 km €.
-
4.7 WORK-ENERGY THEOREM

Whenewver work is done on a body, it Increases
on 2 body of mass m, initiglly g wi




T a "
' = 4.1
or B2 = {4.16)
From the second law of mation:
F=ma
or a=L T * %2

s
Comparing Eqs. 4.16 and 4.17, we have Tid-bits

F i All tha Sond you eat 0 one day nas
LA [' = ') abaut e Sema energy 83 113 ke
m "~ 24 of petrol,

or Fd= Em\;’ _%mulr.* e {4.18)

This expression is the work-anergy theorem, it states that:

The change in klmiﬂr.mltqy of an nhjn:thlqlﬂlnﬂum
done onit by a netforce. T

W= Ehmgeh klnaik:,elﬂ@r

slance, 2 nh]act wllh Iunalh: enargy can perform work f it is
~ <ﬁnull man-nﬂ'lar-nbject. In this case, the work will be taken as negative
L a i rﬂhtenergy of the object will decrease, The theorem remains valid even if tha
force may vary from polnt to point.

Example 4.4: A motorcycle nder weighing 60 kg is coasting
down a 24° slope. The welght of motorcycle is 30 kg, At the lop of
the slope, the speed of motorcycle is 3.2 m 3. If the kinetic
frictional force is 100 N, what will be the speed of the motorcycle
T2 mdownhill?
Solution: The normal force F, is balanced by the component of weight (mgeos24™)
perpendicular to the slope, Let the kinelic frictional force is £, then the net force Fis:
F= mgsin24"=Ff where m=total mass =60kg +30kg=20kg
of F=(90kg=98ms™ «0.4) -100N
F=.252.8N

Wokdone W =Fd =2528N=72m= 182016 J

As work is positive, so applying work - enargy theoram,

W= (KE) - KE) ?@ LN W



.;-;;sm kgxy! = 182014 +1§asnkgx{3.zms-'r

This gives, v = d4147m's”
v414.Tm2s-2 = 204ns

4.8 INTERCONVERSION OF POTENTIAL ENERGY AND
KINETIC ENERGY

Consider a body of mass m at rest, at a height h above the PE = myh =
surface of the Earth as shown in Fig, 4,12, At position A, the KE=D ey

b-ndy has PE. = mghand K.£. = 0. We release the body w@ @ A\
ZTeY

2
=
n

FE=mgm-xl gw

K.E=mgx ] i
{fx
PE=D ”
HE= n'.gh'—;l:'——*-
Velocity v, at position B, can be calculated from the redation, Fige AR
W= + 28
a5 V=l = : 5=x
Ve =0+ 2gx
e |
Vo = 2gx
Therefore K.E = %m (2gx)
= g

Total energy at position B = PE. + K.E
Total energy =mgfh -ﬂ“b




v, =v +2gh=2gh as w=0

. 1 _ "1

I8 KE = Emvc = E m x 2gh = mgh

Thus, atpoint C, kinetic energy is equal to the original value of the - f,
potential energy of the body. Actually, when a body falls, its IIJ
valocity increases Le., the body is being accelerated under the k. T
action of gravity. The increasa in velocity results in the increase in | b

its kinetic energy. On the other hand, as the body falls, its haight l
decreases and hence, its potential energy also decreases. Thus, i

we see (Fig, 4,13) that:
LossinPE. = GaininK.E

1 : .
mg'fhr—hij=5mtt_§ AN S

whera v, and v, are he velocifies o

result is trua only whenfrictional fore

If we assume that &

of PE. isu a stlnﬂmaqudtaf.h Thammalnng PE mgh—rFh

mgh—fh= % my*
or mgh = %mﬁ fh e (421)
Thus Loss in PE. = Gain in K.E. + Work done against friction
Conversely,

Loss of K.E, = Gain in PE + Waork done against friction

Example4.5:

A car weighing 1100 kg Is moving with a velocity of 12 m s". When it Is at point P, its
engine stops. If the frictional force is 120 N, what will be its velocity at point Q7 How far
bayond Q will it go before coming lo rest?

Solution




%m{vf— V) = whfd
%xﬁmmnﬂm?s"-wh - (1100 kg 9.8 ms*» 1.5 m) + 120 N» 24 m
 550kg (144 m s~ ) = 16170 kg m* s* + 2880 kg m’ &*

16170 kg m* s° + 2880 kg m® s*

‘ 3 q—H': =t . = m: i
(144 m' 5" - ) 550 kg 346m s
v =14dms’ = 346m s’ = 1094 m' s
Velocity at point @, % =+1094m's® =105ms’
Now if the car stops at point R, then using the formula:

1.5
— My =f5
2

Jkg=88ms® x15m= %xB kg{iBms'f +f=15m

441 kgm's” =384 kgm's” + 15muxf
441 kg nv &*— 384 kg m° &*
15m

or F=

=38kgms’ =38N

'@ Multiple Choice Questions [

4.1 A1 kg mass has potential energy of 1 joule relative to the ground when it is at a
height of:
(a) 0.102m (b 1m (c] 9.8m {d) 32m
4.2 An iron sphere whose mass i5 30 kg has the same diameter as an a!umlnm
sphere whose mass is 10.5 kg. The spheres are smltan&uugw drupped
chiff. Wﬂenlhayaremmﬁumhegmund meyham:de tical @
cendial emen : i -Biﬁdglﬂﬁ
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4, e height above the ground of a child on a swing varies from 0.5 m of his lowest
pointto 1.5m at his highest paint, The maximum speed of the child is approximately;
(a) 1.5ms" (b) 44msg"
{¢) 9.Bms" (d] Depends upon child's mass

4.5 When a ball Is thrown vertically upward and then falls back to the ground, which
force can be considered conservative in this scenaria?
(a) Airresistance (b) Gravity
(z) Frictionbetweenballandair (d) Contactforce with hand

46 According towork-anergy principle in linear motion, the work done on body is equal
to:

(a) changainK.E. (b) changeinPE.
[c] zero () sumofK.E.and F.E.
4.7 Powerofalampis6W. How much energy does a lamp give
(a) 12J ib) 20J = @%@
4.8 Adrybﬂl‘b&wu&ndellm D0 anergy t 8 2 W emalhels before the
acl. For b liles doss e batléry run?

(d) 25min
4.8 The ghefgy\acquired by a mass m after travelling a fixed distance fram rest
nde Sohio ufamnst?_r_nfumeldlr&mwpmpﬂmunaltu
(@) “m (b) 1m (c) m id) independentaf m

4.10Abody maves a distance of 10m along a straight line under the action of 5 N force. If
the work done is 25 J, the angle which the force makes with the direction of motion of
the body is:

(a) o (b) 30 (c) &0 (d) 90"
[ Short Answer Questions |

4.1 Why is electrical power required at all when the elevator is descanding? VWhy
should be there ba a limit on the number of passengers in this case ?

4.2, Abody is being raized to 8 height H from surface of Earth. What is the sign of work
done by both? justify.

4.3 Abody falls towards the Earth in air. Will its total mechanical energy be conserved
during fall 7 Justify.

4.4 Calculate power of a crane in kilowatt which lifts a mass AN k@ml
100 min 20 second,

45 Avolley of mass 154::%9 mying

o)
% moving unifermly with a
time, 2and starts leaking out of
1,05 kg 5. What is the spesd of the troliey



4.6 When will you say that a force is conservative? Alsa give an example,

4.7 Give absolute and gravitational units ofwork on M.K.S & C.G.5 syslams.

4.8 A body dropped from & height of H reaches the ground with a speed of 1.2 gH.
Calculate work done by air friction,

4.9 Abicycle has a K.E. of 150 J. What K.E. would the bicycle have if it had?
() Samemassbuthas speed doubla?
(i} Threetimes mass andwas moving with one half of the speed?

4.10 What will be the affect on K.E. of the body having mass m, moving with velocity v
when its momentum becomes double? Justify,

4.11 Does tha international space-station have gravilation PE. ar/and Kinetic enargy?

Explain.
[!Conﬂrurted Response Questions \ @@m
f el
4.1 When will you say that a forceis ﬁi ditiaha,

' 1§ cmentarm, which one has greater K.E. 7

4.2 Abghtand ha rhody b

4.3 Amotorcycleis \ with constant speed on a horzontal track. Is amy work being
don eyt o nel force is acting on it?

4 aetson a ball moving with 14 ms” speed and brings its speedto6ms’, Has

e force done positive or negative work? Explain your answer.

45 A slow moving truck can have more kinetic energy than a fast moving car. How 2
this possible?

46 Whywork done agalnst friction is non-conservative in nafure? Explain briefly.

4.7 Doeswind contain kinetic energy? Explain.

'@ Comprehensive Questions [

4,1 Define K.E. Dernve an expression forthe same,
4.2 Howwork isdone by a:
(i) constant force (] variable force?
4.3 Define conservative field. Show that gravitational Tield s conservative in nature.
4.4 Whatis meant by absolute P.E.7 Derive an expression for absolute P.E.
4.5 State and explain work-anargy theoram in a resistive medium,

4.6 Define escape velocity. Show that an g 32i0p @%@@m
gilenate mdius ‘-' ntfacceleration dus
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@ Numerical Problems P

4.1 Amachina gun fires 8 bullets per minute with a velocity of 700 m &7, If each bullet
hasamass of 40 g, then find power developed by the gun? [Ans: 9800 watl)
4.2 Afamily uses 10 KW of power. Direct solar energy is incxdent on horizontal surface at
an agverage rate of 300 per square metre, If 75% of this energy can be converled
into useful electrical energy, how large area iz needed to supply 10KW?
(Ans: 4444 m')
4.2 Wmass of the Earth Is 6.0 x 10™ kg and mass of Sun ks 1.29 x 10" kg. The sun is 160
million krn away from the Earth, Find the value of gravitational P E. of the Earth,
(Ans; =-4.97 x 107 J)
4.4 Water in a bucket tied with rope is whirled around in a vertical circle radius 0.5 m.
Calculate minimum velocity at the lowest point so thatwater does not spill from it

mnn@qm]

coidt 6 R A (A =] 1B units {11} Rs. 405)
gluurrdrﬂﬂcrmahﬁghtnfﬁmﬂndfalls

4.5 ATSwaIIfamsusad IurE huursuallyfurﬂﬂdays Fi

work done by grautly when the object comes back to the Earth,
{iii} total work done by gravity in upward and downward motion. Also mention
physical significance of the result.
[Ans: (i}-98.J (i) +38 J (i) 0 J significant gravily does nol iransfer any energy fo objeci]
4.7 An glectrical motor of one horse power is used to run a water pump. Water pump
takes 15 minutes to fill a tank of 400 ktres at a height of 10m., Find;
(2} aclual work done by ebectnic motor to full the tank
(b} percentage efficiency of motor, Assume that mass of 1 lifre of water=1 kg).
[Ang: {a) 871400 J{b) 11.6 %)
4.2 Apasszengerjust amived at the airpor and dragging his suitcase toluggage check in
desk. He pulls sirap with a force of 200 N at an angle of 457 to the floor to displace it
50 m to the desk, Determine the value of work done by him on the suitcase,
(Ans: 7 kd)
49 Ahﬂdyﬂfnwas{! Ekgtravelsmastmghtlm&wﬂhvemtyv ay""’ whereas= ’

y=0todm,
410A20&gapﬂa|slrﬁedm1ﬂ

{Ans: 12.1 ms")




