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The « particle has a rest mass given approximately by

: M =4 x 10> MeV /2. (1.46)
If the « particle has a kinetic energy

T =4MeV, (1.47)

and if we treat it nonrelativistically, then we have

T = %M'vf\m - %Mc2 x (”NTR>2 =4 MeV
or %x4><103 MeV x (UNTR)2=4MeV
" (1.48)
or (“NTR) =2x1073

or ”NTR = /20 x 102 ~ 0.045.

Here vng represents the magnitude of the velocity of the nonrela-
tivistic particle.

On the other hand, if we treat the o particle as relativistic, we
can then use the relativistic relationships from Eqs. (A.7) and (A.10)
of Appendix A of the text to write

E =~yM¢?,
T=E-Mc=(y-1)MJ, (1.49)
cP = /T2 + 2M 2T = \/~+2 — 1M?,
where P is the magnitude of the momentum. The relativistic velocity
now follows using Eq. (A.8) of the text

vR _ cP (r+)0r-1)
bl 3 1.50
T 7 (1.50)
From the fact that the a particle has kinetic energy
T = 4MeV, (1.51)

we can determine the Lorentz factor using (1.49)
T =(y—1)Mc* = 4MeV
or (y—1)x4x10*MeV =4MeV (1.52)
or y=1+1073,
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Uning this in (1.50), we can determine the relativistic velocity

UR 2+ 10_3)10_3

&gl 1+410-3
~ V20 x 1072(1 + 0.5 x 1073)1/2(1 — 1073)
~ V20 x 1072(1 + 0.025 x 1073)(1 — 1073)
~ V20 x 1072(1 — 0.00075). (1.53)

Using (1.48) we see that we can write the relativistic velocity in
. (1.53) as

vr = uNr(1 — 0.00075). (1.54)

Consequently, we can define the relative error in neglecting
tolntivity as

|Av| 2 |vr — vNR|

~ 0.00075 = 0.07%. (1.55)
UNR UNR
lor the scattering of such an « particle from gold (Au), the dis-
tunce of closest approach can be dertermined as follows. First we note
thnt the distance of closest approach is attained when the impact
purameter vanishes (for head on collisions). From Eq. (1.25) of the
toxl, we see that the distance of closest in this case (b = 0) is given by
Z7'e?
o = E , (156)
where, for scattering of o particles from gold (Au), we have
Zi=2:1 Z1=19. (1.57)
Il wo treat the o particle nonrelativistically, we have
E=T=4MeV. (1.58)
alng nll of these, we determine
he  €?
ro=22" x = x —
0 *F " he
( WV —F
=2 X% 79 X et =¥ X =
4 MeV 137

~ 56 F = 5.6 x 107'% cm. (1.59)



