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3.28 A irl on ice skates as at rest on a horizontal sheet of smooth ice. As

.1 .
at 2 ms . Give a
tching a rubber ball moving horizontally toward her, she moves
catc g
rough estimate of what her speed would have been

(a) if the rubber ball were thrown twice as fast.

(b) if the rubber ball had twice the mass.

(c) if 1 d twice the mass . o C straight
(:i)) I'Iftglzgl"g:)::r b:llll"wcre not caught by the girl, but bounced oif and wen

(d) 1

back with no changed of speed.
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Total initial momentum of the system js -of the ball mv since the girlis at rest.

Final momentum of the System will be taken as momentum of MV of th
be negligible compared to that of the girl.

Conservation of momentum, then, gives, MV =mv.

(a )Wheln the ball was thrown twice as fas:, my doubles, double MV making the girl move twice
atdms™ .

(b) Doubling the mass of the ball doubles the initial and hence the final momentum giving the pirl 3 3P
of dms! again.

(¢) If the girl has twice the mass, her speed would be half of the previous. ie | png
the same.
(d)Ifthe rubber ball bounced off , the chenge in momentum of bal}

momentum to be conserved, the girl's momentum h
making her move at 4 m !

e girl taking the mass of the bali

as fast ¢

since MV = .y

1S 2 mv or twice tha before For
as also got to change by the same amount, 1e 2 ATV

—— . e

Pj: A eeaufle balll  tarellio ok 0 m3' . bl a blod

o solt wovol  which 'l penenates do a deplhh o7 (0 em.
Tre  mass of  Hre hullet ¢ 18q . Agume a mgw e lanoivg
fonce. @, How Wng o fume  wag eqamned  gon Y belet
Loskp © () wWhat  was s declorakig  fonce.

Solu bow:



7
¢t
. X - v 4L - V‘t Vo { i
@) Since au s A :
, —% I z V=0
(4
1 - o-5m3g — foon >
F = mQ
(b ok
=m _8Y I-.8r 10 (o-360) - —1296 N
o 0.5 r 1D
A K

P 3.12. Two blocks are in contact on a frictionless table. A horizontal force is appiied to
one block, as shown in figure. (a) if my’ =2 kg m; = 1 kg, and F = 3 N, find the
force of contact between the blocks. (b) Show that if the same force is applied to

m; rather than my, the force of contact between the biocks is 2 N, which is not the
same as the vaiue derived in (a). Explain.
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- Chapter IV
* - ) . - - . -
Q4.4. How much work is done on a satellite during each revolution if its mass is m. its
period is T, its speed is v, and its orbit is a circular orbit of radius R?

Answer: Force on the satelljte is exerted by earth which directed toward the center
of the earth. The displacement of the satellite is directed tangent to the circular path.
Therefore, angle between foree and displacement is 90

..work done by the force i1s equal to zero.

Q.4.6. A’fbullet is fired from a rifle, if the rifle were allowed to recoil freely (i.e. without
being restrained by a person's shoulder) its-kinetic energy as a result of recoil
would be (a) equal to, (b) less than, (c) greater than that of the bullet.

Answer: : ‘
Kinetic energy of gun < K.E. of builet.

Before firing, total momentum of the svstem = 0.
s After finng, the total momentum of the system = 0

AN A

O=xmy vy -Xmg vg

3 2
or Mp Vp = MG VG OF Py = PG OF Py =PG ~~~~~~ (1)
2
KE ofbullet L =+ Po o o2 _9F (5
Nk ol buleet kb < —’—)—- —_ (e Py, = 2 kh My —————— \_)
x..rnb
2
KEofgun Lum=L PG r pZ =2F 3
A OREHBRG T Of PG = 2LKkg Mg ~— -~~~ ~- (3)
‘..an

Substitution  (2) & (3)into(1) we get
2 Ekb mb =2 EKG IHG
g my,
or ol =~ —
L"kb . mG

bLl[mG > my L I;’KG < Ekb
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Q.4.9. What does the conservation of energy principle say about the conservation of one
kind of energy to another kind? Does this implies that it is always possible to convert all
of one kind of energy to other kind? Explain your answer.

Answer . ‘ . \
In conversion of one Kind of energy to another the conservation of energy

pnnciple said that the total energy of the isolated system is remains constant.
It does not imply that it is always possible to convert all of one kind of energy to
the other. 4
For example, when a body siides down on the rough inciined plane. not ail of the
potential energy is changed into kinetic energy; a part of it is dissipated in the form of
heat. :
e :
Q.4.11 Compare and contrast the concepts of kinetic energy and momentum. What
important property does momentum have which kinetic energy lacks? Why is this
properny so important? :

Answer: Both the kinetic energy and the momentum are properties possessed by a
body by virtue of motion. Both are function of mass and velocity. But momentun is a
vector quanuty and kinetic energy is scalar.

An important property of momentum which kinetic energy lacks is, thus, the
directional information of a motion This property Is so imporant for the study or motion
because compiete description of motion requires to include direction of motion (In
addition of magnitude ).

kW R
Q413 Springs A and B are identucal except that A is stiffer than B that is . ks » kg. On
which spring is more work expected if (a) they are stretched by the same amount.
(b) they are stretched by the same force?
Answer
Ka = spring constant of At kg =spring constant of B
Given ; ki) kg
(a) They are stretched by the same amount

Xa S Xp =%
W= b ka0, =1/ ko8
) \v,\_: . k}_{(i.\g\l' =17 k[_}, X2 ’

But f\,\ B kB
W,



(b) When they are stretched by thc'same force:

F=kx
FA=kAXA
FaszXB
SinCeFA=FB
kAXA =kB XB
.‘{A:k_A
xa kp
b, .2
- \VB _ 5 B*B _ kBXBXB _ FB.\’B :i:k/_\
‘a1 k2 kaxaxa Faxa x4 kg

: Therefore Wp)W,  since ( kadkp)
A 5
Q.4.14. A man rowing a boat upstream is at rest with respect to the shore. (a) Is he doing
any work? (b) If he stops rowing and moves down with the stream, 1$ any work
being done on him?
Answer:
(a)Yes.
The man applies a force one the water and the water 1s moving under him even
though he is at rest with respect to the shore.
(b ) No. Although he stops rowing, he is moving with respect to the earth and
$¢ some work 1s being done on him by the gravitational force by the earth,
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The work done by the resultant force is always equal 10 the change in kinetic energy. Can

it happen that the work done by one of the component forces alone will be greater than
the changg in kinetic energy? If so give examples.
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S-4olG Does the work done o Yalsing o box orvda”o o.
| - plarform depend on how -Fas'b it is 'r-alse,d“?

Amswer:

No, it dogﬁ ot depend. on how fast 1t is
' . vaised. I =
mt(wﬂ 2 big Work do:m.e loa the j—of)’c;g F wu
Y From a POVW*J a To powmt b alowc
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b
. W, = j F.ds
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“ % - CHAPTER IV

Problems

4.4 A 450 N block of ice sldes down an incline. 1.5m long and
1m high. A man pushes - 'up on the ice parallel to the ncline so that
R Slides down ot constant speed . The coefficient of Friction betweer
the ice and the nclime s oo, Find tay the force exerted by the man
by the work dove 1’7 the man on the block 5 <c2 the work dome by
Sm‘“t)’ on the black «d) 'H‘e work ‘dome by 'ﬁl'ie S’qrﬁ:mg of the mcline
on 'H’)e b[oek te) the work done by the Tesuttant force on the blowk
and  CF)> dhe change im  kimetic enevgy of the block.

Solu‘HOh:

Forces exevted on the block of ice are :
— A ] A 0)
(1y tts wefgh\: W = % (-mMgsms) + Y (—-mscos‘

Cexerted by eavth)

) Friction B AN
(c;cevfgd by inclimed S’u\’face)

(3) Normal teaction N =§N

Cexevted by inclined surface?)

(4y Horce ecpevied by the »an F =X F

CO”’“ﬂ:bng of mo{;?lon -
q =0 C Wb\lf’hﬁ with  constant spa:d7 >
ay= 0 Cthere 5§ 0 motign énf; divection )



SFy.ma, (Newtond & Law of motion)
g = 4
N_mgecose =20 ,.
N «.mgcose
>80 xcos Cpa81)’
=885.4 N
ZF - ma
r:---F-;r‘aae?r;Q 20
F = mgeine _+
" E =mqg 370@_.\}4‘,&1

2z 450 x 'e.Tn'qu-B 1)~ 6. lOx838.¢
= 300 - 38.5

(o) ihe e em{f@d b_t:’ (247 T5) F- 2 2868. SN

Cbd displacement of the ice bleel g,oé\(__l_ 9

where L 21.8m

Uork done EE'H"L& ™lan V\jm, E\
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= o F|
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z '_39\90 QBJ
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p'q"(?)Show that the tension i

in a cord tied
its lowest point exceeds the tension

to a ball moving in a vertical circle at
highest poinr by six times

in the cord when the ball is at its
the weight of the ball.
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ension in the
t in

suspension at that instant? )
'€ same pendulum is nex; pu a_horizontal position and rcleased from
rest. At what angle from the ve
tl

rtical will the tension in the suspensi
1e weight in magnitude?
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less” spring S can bcy compressed 1 m by a force of 100 N.
ring is placed at the bottom of a frictioniess inclined plane
an angle 6 = 30° with the horizon
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P.4:2¢. A sled with a mass of 29 kg slides on a hill, starting at an aititude of
20 m. The sled starts from rest and has velocity of 16 m s when i
-reaches the bottom of the slopc. Calculate the loss of energy due to friction.
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