PraVegakl Education

CSIR NET-JRF, GATE, IIT-JAM, JEST, TIFR and GRE for Physics

Examples of Mass Energy Equivalence

Example: A cube of density p, in rest frame moving with velocity v with respect to observer

parallel to one of its edge. What is density measured by observer?

. m . mass . _—
Solution: In rest frame —%= p, and from moving frame p= , Where m is relativistic

Vs volume

2

2
m [

mass given by, m = £— and v is relativistic volume, V' =1, 1, [y,|1-—
c

Example: Show that the rest mass of particle of momentum p and kinetic energy T is given by

B pzcz _T*
27

m,
Solution: E=FE.+E, = E=T+my’
E? =p*c® +mic!
2.2 2
. . pc =T
Thus, from (i) and (ii), m, = —
() and (i), m, ==

Example: In the laboratory frame a particle P at rest mass mg is moving in the positive

5
X - direction with speed é It approaches an identical particle O which is moving in the

2
negative x - direction with a speed of ?c

(a) What is speed of the particle P in the rest frame of the particle Q.

(b) What is Energy of the particle P in the rest frame of the particle Q.
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Solution: (a) assume Q is S frame so laboratory can be treated as S frame so

L

Figure 2.4

2m
Example: The relativistic mass m of moving particle is —=, where m_ is its rest mass. Then

V3

what is linear momentum of particle?
2my _

m, _
v B
1-— 1
C
m

myv o

Solution: and mass, m =

m, c
=>vV=—
v 2
o2
1

Momentum, p =

Example: A particle of rest mass m, moving with momentum
(a) Find the total relativistic energy of particle.

. . . 3
(b) Find the speed of particle and verify momentum p = Zmoc

(c) Find the kinetic energy of particle.
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myc ) ,
and rest mass energy is m,c

3
Solution: (a) Momentumis p =

9 5
E=\p’c+myc' =E = Emgc“rméc“ =7

L SN
A
¢ ¢
3
— 5

(b) E=mc* = E =

c
Example: A particle of rest mass m, moving with speed 2 with  p
respect to frame Ain positive X direction .where frame B is
c
moving with velocity > with respect frame A in positive

X direction .

(a) Find the relativistic energy of particle measured by observer attached with frame 4
(b) Find the relativistic energy of particle measured by observer attached to frame B

Solution: (a) The rest mass of particle is m, . If observer is attached to frame 4 the speed of

. . C S
mass with respect to mass is E , so relativistic mass m =

16
so relativistic energy is E = mc* = ‘/Emocz

. c . C .
(b) Itis given v, , :Zx, Vs :Ex v, ;=1

We assume frame B is equivalent to S frame so then frame A is equivalent to S’ frame.

VA,BZV

S,,SZVZ X, Vm)AZV s
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Example: A space ship is moving with respect to earth with speed 730 in positive X direction.

. . . 3 . A e
A particle of rest mass m, moving with respect to earth speed 70 in positive y direction.

Earth

(a) Find the mass of particle with respect to observer attached to earth.
(b) Find the mass of particle with respect to observer.

Solution: (a) If observer is attached to earth, he will measure that speed of particle is

my,

-3
4

=2m,

(b) If observer is attached to spaceship then we need to find speed of particle with respect to

spaceshipi.e. v, =7

o V3
Itis given vy , =—

H.N. 28 A/1, Jia Sarai, Near lIT-Delhi, Hauz Khas, New Delhi-110016

#: +91-89207-59559
Website: www.pravegaaeducation.com | Email: pravegaaeducation@gmail.com




PraVegakl Education

CSIR NET-JRF, GATE, IIT-JAM, JEST, TIFR and GRE for Physics

_ . . A B L ———_[3 3 15
% =U_X+U t+uz=————cx+—-=cy,|V = ux-i-u +u. =,—+—cCc=,[—~¢
ps — Uy yY U, > 1 Y P,S| \ , TU, 416 16

Example: if kinetic energy of particle is equal to rest mass energy of particle, then find the
speed of particle.

Solution: Let us assume the rest mass energy of particle is m,c> and relativistic energy is

Kinetic energy 7' = mc* —m,c’

2
myc

=S my’ =———=-my’ = 2=
2

Example: A 7-meson at rest decaysinto 4 meson mass and neutrino v.
If rest mass of 7meson, x meson and neutrino are m,, m, and m, then find the total

relativistic energy of outgoing x meson and neutrino.

”ﬂ. ) m,u’u 14
M 1%

Solution: It is given rest mass of 7 meson, 4 meson and neutrino are m_ ,m, and m, .
Let us assume Eﬂ and E, are energies of outgoing x# meson and neutrino
2 2_ .22 2 4 2 22 2 4
E,=mc , E =pc +mc =E =pc+mec
El=plct+mic* = E! =p’c® +mi’

From conservation of momentum P, = —I3y =P, :‘Pﬂ‘ =P
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H 2
From conservation of energy £, =E +E = E, +E, =m._c

(mft—mf)c2 ,
———and E,+E =m.c

Solving equation £, —E, =

Example: A 7-meson at rest decays in to ¢ meson mass and neutrino v.
If rest mass of 7 meson,  meson are m_, m, and neutrino is mass less.
(a) Find the total relativistic energy of outgoing x meson and neutrino.
(b) Find the magnitude of momentum of outgoing x meson and neutrino.
(c) Find the speed of outgoing x# meson and neutrino.
Solution: (a) It is given rest mass of 7 meson,u meson and are m_, m, and neutrino is
massless.
Let us assume E and £ are energies of outgoing x meson and neutrino
E,=mc’, E,=p.c’+m.c' = E, = p’c* + mc’
E =pec=E =pc

From conservation of momentum P, = —I3y =P, :|PN| =P

From conservation of energy £, =E +E, = E +E, = m, ¢’
H 2 2 2 4 2 4
Using £ —E} =m)c¢' =(E,~E,)(E, +E,)=mc' = E,~E, =

2
mﬂc
m

3

Solving equation E,-E =

5 1

“o2m,

(b) E,=p,ec=E,=pcand |P|=|P|=P

v u

[ m e = eyt 1 = =, = p =5

5 1

v = —
2m,

(c) Hence the neutrino is massless so it will be moving with speed of lighti.e.v, =c¢
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Now we will calculate the speed of 4 meson we know

2 2 2
m,c* (m” +mﬂ)c 2
E,= = =,|l-==
\/ V2 2m_ c

1-—
c2

2
(m2+m2)

2 2 2)\? 2.2
zmﬁmﬂj :(m”+mﬂ) —4m’m’
(. u

2 2
m, +m,

. . . 3 .
Example: A pion of rest mass m, moving with momentum Zmoc completely decays into two

photons .one photon will move in direction of pion and another is moving exactly opposite to

i 3
pion. 2 e

(a) Find the momentum of outgoing photons. —.> D

(b) Find the energy of outgoing photons. m VNNV

3
Solution: (a) The momentum of pionis p :Zmoc.

The energy of pionis E_=./p’c’ +mic' =mc’ [‘ /%+1J = %moc2

Let us assume p, and p, are momentum of outgoing photons.

The energy of outgoing photon £, = p,c and £, = p,c.
. 3
From conservation of momentum p, — p, = Zmoc .
. 5. 2
From conservation of energy £, + E, = pc+p,c=E_=pc+p,c :Zmoc
. . 3 5
Solving equation p, —p, :Zmoc and p +p, :Zmoc

myc

We get p, =my,c and p, =

(b) The energy of outgoing photons are E, = p,c=m,* and E, = p,c =
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Example: Two particles of same rest mass m, moving with
; 3
same speed with 70 in opposite direction. They collide 2

—p [ )
m, M

head on and stick together and make composite lump.
Find the mass of composite lump.

Solution: Hence total momentum before Collision is zero then from conservation of
momentum composite lump will remain rest with respect to observer. Rest mass of composite
lumpis M .

m.c* m,c?

From conservation of energy L +—=
V2 v2
l1-— 1-—
c c

= Mc*> = Mc* =2myc* +2mc® = M =4m,

= Mc* where v :730

m,c’ . m,c’
=
4 4
Example: A heavy particle of rest mass M while moving along the positive z - direction, decays
into two identical light particles with rest mass m (where M >2m). Find the maximum value
of the momentum that any one of the lighter particles can have in a direction perpendicular to

the z - direction.

Solution: Let P be the momentum of heavy mass M, I, be the momentum of the light
particles of mass m in the direction perpendicular to z and P, be the momentum in
z -direction. According to conservation of momentum,

Momentum of mass M, P=P,+ P, =2P, = P,=P/2,Energy of massM, E=+P°c¢*+ M’c"

P2
Momentum of amass m =B’ + P} =,| P’ e

2

P
Energy of massm, E} = [Pl2 +chz +m*c!

As energy is conserved £ =L + E, =2FE = E| :g vk =E,

E? P P
Thus E = i [P12 +chz +m’ct = 4[1’312 +chz +4m’ct = P’ + M*c?

4P’C* + P’ +4m’c' =P’ + MPc' = 4P +4m’c = M°c" = 4P* = M°¢* —4m*c?
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