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Conservation of the mass-energy, can be calculated as:
Jumivie? + yamac? = mic? = Epg

We determine mass notation for the first object to be my with the given
speed vy = 0.987c and second, my with speed vy = 0.868c.

From equation 1), we subtract ¢% It follows that initial mass can be
calculated as:

my m
i = ——— ————
J1— (00877 \/1-(0.868)

6.22m1 +2.01my = 3.34 % 10727 )

Due to conservation of momentum, we can show that two fragments after
decay must add up to zero, since original particle stays at rest. It follows
that magnitudes must also be equal:

1 =p2 where, yumivy = 12mavy
To solve for relation between the my and my, from equation:

6.22ms (0.087) = 2.01my (0.868¢) @
We get relation:

my = 3.52my

We substitute equation 2) in to 1), and solve for my

my (6224 T.08) = 3.34 x 10 kg (3)

my =251 x 10 2kg

From equation 2) we get solution for my to be:

my = 3.52 (2,51 x 10" kg) ()

884 10 kg
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Gravitational radius is the radius around the center of a star at which
relativistic rest energy would have to be used entirely to escape gravitational
potential well. Beyond that we have a black hole.
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‘We have and Incident proton of mass m and kinetic energy K colliding
with a stationary proton (mass m) and producing a single new particle of
mass M. Let’s start with identities:

B =g 4wt
B =gt mict
pi=pp2=0

B = g 4 mich
B = mch

The energy after the collision using same identity
E? = p%? + M3t

. here we used conservation of momentum (before and after we have value
of p).
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Let’s find v, and denote starting kinetic energy of proton with

k+me
me

(A- + 2kme
(k+me?

(k+me?)? —m?ct
(k +me

Badk to the main calculation:

E? = p?? 4 Mt

E? = (k+ 2me?)’

p=7mv

K = (7 - 1)me® = yme? - me?
k+me? = yme?

k4n
Sp=0C,

my
o
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Let’s find p:
L-+ m(z K2+ 2kme

\r (k +me
V2 £ 2kme /e

»
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Finally by conservation of energy and substituting p we have:

Pt 4 M2t = (2me? 4+ K)?
M2t = amPct + dmePk + k2 — pPe?
M2t = et + dme?k + K — (K + 2kme)

Me? = VIm2eT - 2%k
K

Mc? = 2me?

t o

Looking at this equation we can see that we cannot use all of the kinetic
energy if we have stationary target to produce new particle or particles
because of the conservation of momentum.
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Newtor
momentum formula):

FoB 7 %(L)

dt VI—oZ

If we apply this to the charged particle acted on by the magnetic force we
can write (since B, # and F are all perpendicular, magnetic force cannot do
any work, thus v is constant

F=q?xB, [?|=v, BLT
a7

d
reB = L (ym ) = m T
FquB = g (ymT) =y

here 7 is unitary vector in direction of the center of the circle.
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Now we can substitute relation for centripetal acceleration v= /3

. 2
B my (v. )

Now we can introduce frequency:

1 v
[l =
where T is period of time required to complete one circle. Now we have
substituting into last equation the final expression for frequency:
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a  First of all, we have to come to conclusion that this decay is 5 decay-
the atomic mmber of daughter mucleus is equal to the atomic mmber of
original nucleus while the mass mumber is the same and one electron is
produced. To calculate the mass difference we have to subtract the final
mass of the system (left side of nuclear reaction) from the initial mass (right
ide of nuclear reaction).

Am=my—m;

If we take into account that the mass s equivalent to the energy we can
write that:

AE = |Am|c?
=35-10"%u-
351032013 MeY

P

= [3:26025 MeV

Where we used the relation:

1u=03L5MeV

Also, it is worth to mention that the mass of the electron on the left side of
the equation is not taken into account because 331 n has 24, not 25 electrons
orbiting the nucleus which is the case with original mucleus Cr. Thus, the
mumber of electrons is the same on the left and on the right side of muclear
reaction so we don't need to take electrons into account when caleulating
the mass difference.
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b Almost all realised energy will be transformed to the kinetic energy of
the electron since the mass of $Mn is much greater than the mass of the
clectron. Also, if we want to be very precise in the 5~ decay one ani-neutrino
is produces as well so anti-neutriono also takes part of the realised energy,
but, for the purpose of this task it won't be taken into account. Thus:





