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Q 1:

Using ∆x∆p ≥ ℏ
2 , pmin:

pmin =
ℏ
2x

=
ℏ
2r

= 5.271× 10−21J

Emin =
√

p2minc
2 +m2

ec
4

= 1.51× 10−10J = 98.8 MeV

98.8 MeV >> 17 keV tritium

Q 2:
Fg =

Gm2

r2
; Fe =

ke2

r2

Fg

Fe
=

Gm2

ke2
= 2.4× 10−43

Q 3:

1. Volume has 3 spatial dimension, so only the dimension along the direction of
motion will experience length contraction

V ′ = a3; V = a2
a

γ
=

V ′

γ

2. For the density, only the volume will be affected by the same effect in part 1,
so:

ρ =
N

V
=

Nγ

V ′

Q 4:

a) v =
d

t′
=⇒ d = vt′ = 0.998c× 2.2× 10−6 = 658m; Will not make it

b) γ =
1√

1− 0.9982
= 15.8 =⇒ t = γt′ =⇒ d = 0.998c×15.8×2.2×10−6 = 10400m; Will make it

c) γ =
1√

1− 0.9982
= 15.8 =⇒ t = γt′ =⇒ d = 0.998c×15.8×2.6×10−8 = 123m; Will not make it
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Q 5:

a) Real Particles: Timelike

b) Massless Particles: Lightlike

c) Virtual Particles: Anything


