454 Midterm 1 solutions. 1

Problem 1.
A spaceship moves from Earth with speed 0.8c. It emits light signals to Earth every 4s

(in spaceship’s frame). What are the time intervals between signals received at Earth?

Solution
Compare four events:
“A 7- emission of a signal from the spaceship at time ¢4 and position x4,
“B” - emission of a signal from the spaceship at time tp = t4 + v(At') and position x =
xa+v(tg —ta) = xa +vy(AY),
“C” - the signal from “A” reaches Earth = x¢ =0, tc =t4 + %4 | and
“D” - the signal from “B” reaches Earth = xp =0, tp =t + J%B

The time interval between signal received on Earth is therefore

to—te = tg—tat B4 — yar) + Iyar) = (Ar) [0 = sar = 12
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Problem 2.

A 7% meson with total energy 395 MEV (in the lab frame) decays into two photons in
a symmetric way such that the energies of two photons are equal. Find the angle between
photon’s momenta.

0

Relevant information: a 7” meson is an electrically neutral particle which can decay in

135MeV

two photons. The rest mass of the 7° meson is >

Solution
Let the initial 7° fly along x axis and two decay photons fly in z,y plane. Conservation

of momentum is p, = k, + kj, = 2k, k, = —k,. Conservation of energy:

Er = \mgct + pic? = 2B, = 2c\/k2 + k2

Since p, = 2k,

mict +4k2P = 2B, = 4kIC + 4k = ky = —/-
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Alternatively,
ky=2 = L\/E2—mic 0 B2 — mic! 0
5 2 5 EQC ﬂE‘ 0 = COS§ = E—O = 094 = 5 = 200
kx—i—ky = = = 3 ™
One more solution
9 _ E2Z-mdct _ Ein? — 2 2 9 4
2= St = + k* = 2k° + 2k“cos 6 2
p =z ( ) = cos = Lr 1 — 12700 — 0.766s
E,=2E, = E,=kc=1% 2k L2
Problem 3.

An electromagnetic wave with electric field with time dependence
E = FEy(1 + coswt) coswyt

is incident on lithium metal (¢ = 2.39eV). If w = 1.8 x 10" and wy = 2.4 x 101, what is
the maximal kinetic energy of photoelectrons?
Solution

Since

1 1
(1 4+ coswt) coswpt = coswt + 3 cos(w + wo)t + 3 cos(wp — w)t

= the largest (angular) frequency in the wave is w + wy

1
Eoax = h(w+wy) —¢ = 6.58 x 107%V -5 x 4.2 x 10"~ — 2.39eV =~ 0.37eV
S

Problem 4.
An electron in hydrogen atom moves from the first Bohr’s orbit to the fourth one. What
is the change of its potential energy according to Bohr’s model?

Change of total energy is

1 15
) = — x13.6eV = 12.75eV =~ 2.04 x 107*%]

AE = E,(1 - —
0( 16 16

The change in potential energy is twice that big:

1 15
—1p) = g X 136eV = 25.5eV = 41 x107%)

ABpe = 2Ep(1 <



