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ASSIGNMENT 3

1. According to the theory of relativity the mass of a particle is given by
momo
J v2  J1-p2
1-=
m c

vwhere v is the speed, mothe rest mass, cthe speed of light

and § =

c
a) Show that the time rate of doing work is given by moc2a:—? (1 — 82)

b) Deduce from (a) that the kinetic energy is T = (m — mo)c?2 =

1
moc2{(1 — f?)—=— 1}
1
c) If vis much less than ¢, show that T = 2 mv?2

Answer

a) From Newtons second la;

d
=>F=__(mv)
dt

m
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d d mov
>F=—(mv)=— —HO—
dt dt V1 -2

If W is the work done,

Then

dt dt V1 -2

aw d Bc
= ___=mofc — (—)

dt dt V1 - B2

dwd 5

= ___=mofica— ( )

dt dt V1 - B2

= mocz i( 1_)

dw

= __ Z as proved .

dt dtV1-B



b) Since Work done = change in kinetic energy, we have
= Time rate of doing work = time rate of change in kinetic energy

But from part (a),

aw
dt dt V1—p2
W ar 4,1
— - = mopcC ( B )
dt dt dtV
—m CZ d 1
=myc? =
dt 1_62
dT
= __
dt

Integrating both sides;

—dt—fm{)z d 1



2
=mpC +C4q
2
=T VI=F , Where C1 is constant

* =T mceey,
V1-p2

To find, note that, from the definition T=0ifv=00rp =0

So that we have,

mc
0=|—=2 :
=1,
V1—-(0)?
= 0 =moc?+ cy,
= C1= —MoC>
Now,
m oc2
2
1 —
=T b moc2



Or

V1—-p2
m o
T mo C2
2
} i 1-p
But
m
— 0
m 1-p2

= T =(m — myo)c?

o= ) =1 =m o

Hence showed.

c) For f <1 we have,

1
Ji-p

From

m ocz2

(- I 14of ot
B 2 24

1-3-5
2:4-6

B6+...



f 2
T 1-p m oc2

1
= myc? [1 +5B° 4 ] — myc?
T 2

_ 2 1v
=>T—moczc22 [1 LA ] -
c

T =moc2+ _

moc21m
2

0CcC22v2 —

1
=T = 2mv?

2. From Figure 2.1 below

a) show that the Center of Mass (CM) of the uniform thin rod

of length £ and mass M is at its center.

b) Determine the CM of the rod assuming its linear mass
density A (its mass per unit length) varies linearly from A =



Aoat the left end to double that value, A = 20, at the right

end.

dm= Adx

— X

a)

1 ¢
Centre of mass (xcm) ﬁfx=0 xdm

Butdm = A dx

1 ¢
= - XcMm f xA dx
M x=0
A [
_Mf x dx
x=0
Axze
M 2|
0
A [£2
~3z-)
A £?
M2
M

But

dx

Fig 2.1

Solution



1 M
:xCM_M ? ?

4
= XcM 2

Hence shown.

b) Now we have A = Ao at x = 0 and we are told that A increases linearly to A
=2A0 atx = £ So we write

A=o(1+ ax)

which satisfies A = Ao at x = 0, increases linearly, and gives A = 2Ap at x =
1

Lif (1+af)=2.Inotherwords,a=2¢. let A= Ao (1+):
¢

1 ¢ X
= XcM= —Aof x(1+ )dx
M x=0 4
_ 0 Aex
= xcmx (1 +) dx
M x=0 £
Ao ¢ X2
=_ [ (x+ )dx
M x=0 '

Adoxz  x3¢
_MZ 3

+ ]
Aotz €3
=M 2 3+ ]
Aotz £2

=M 2 3 + Jc



A0 542
=M 6
Now let us write M in terms of Ao and £ . We can write
Y

M=[ dm
x=0
¢
:f A
x=0 dx
¢ X
£
x=0
e
:/10 X +ﬂ
- 2:0
£
—AO _'E +ﬁ_
([ F
n(e+)
 3Apf
M- 2
Then
A0 5¢2
—xm M 6
XcMm 6 30? =5¢2"0"2
_ 10¢
xcv 18
_58
xcM 9

Is greater than halfway along the rod, as we want since there is more mass to the
right.
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