
PHY 251 Fall 2009: Exam 1 (Thursday, October 1).

1. While staring out the window, you are somewhat astonishedto see a spear go flying past,
and you snap a photograph. From your photo you see that it is 2 meter long and tilted up
at an angle of 25◦ from thex direction, and it goes flying past atvx = 1.5 × 108 m/sec and
vy = 0. What is length, and tilt angle, of the spear in its own inertial reference frame?
Answer: Because of relative motion in thex direction, we see a contracted version of the
spear’s length. There’s no motion in they direction, so we see the true length in that direc-
tion. That is, we seex′ = x0/γ andy′ = y0 and from that we can sayr′ =

√
x′2 + y′2 and

tan(θ′) = y′/x′. Note that

γ = 1/
√

1 − β2 = 1/

√

1 − (
1.5 × 108

3 × 108
)2 = 1/

√

1 − (
1

2
)2 = 1/

√

3/4 = 2/
√

3 = 1.155.

We can relate these to dimensions in the spear’s frame of reference as follows:

r0 =
√

x2
0 + y2

0 =
√

x′2γ2 + y′2

=
√

[2 cos(25◦)]2(1.155)2 + [2 sin(25◦)]2 = 2.258 meters

tan θ0 =
y0

x0

=
y′

γx′
=

1

γ
tan θ′

or θ0 = tan−1[tan(θ′)/γ] = tan−1[tan(25◦)/(1.155)] = 22.0◦.

That is, the meter stick is longer than 2 meters, and is rotated by a smaller angle when viewed
in its own frame.

2. An observer on Earth observes two spacecraft moving in thesame direction toward the earth.
Spacecraft A appears to have a speed of 0.50c, and spacecraft B appears to have a speed of
0.80c. What is the speed of spacecraft A measured by an observer in spacecraft B?
Answer: From our frame, we have spacecraft A moving atvA = 0.50c = v1,x, and spacecraft
B moving atvB = 0.80c. If we make a velocity shiftv = vB to go into spacecraft B’s frame,
the velocityv2,x that spacecraft B sees spacecraft A traveling at is given by

v2,x =
v1,x − v

1 − vv1,x/c2
=

0.50c − 0.80c

1 − (0.80c)(0.50c)/c2
=

−0.30c

1 − 0.4
= −0.5c.

3. An electron is found to have a momentum of 250 keV/c. A photon is also found to have the
same momentum. What’s the kinetic energy and velocity of theelectron? The photon?
Answer: For the photon,p = E/c = (250 keV/c)/c = 250 keV/c2 and it travels at the speed
of light. For the electron,p = γβmec andγ is a function ofβ so we have

γβ =
pe

mec
=

β
√

1 − β2

(
pe

mec
)2 =

β2

1 − β2
=

1

1/β2 − 1
1

β2
− 1 = (

mec

pe

)2

β = 1/

√

1 + (
mec

pe

)2 = 1/
√

1 + (511/250)2 = 0.4395

1



giving γ = 1/
√

1 − β2 = 1.113, andEk = (γ − 1)mec
2 = (1.113 − 1)(511 keV) = 57.7

keV.

4. When cesium metal is illuminated with light of wavelength300 nm, the photoelectrons emit-
ted have a maximum kinetic energy of 2.23 eV. Find (a) the workfunction of cesium and (b)
the stopping potential if the incident light has a wavelength of 400 nm.
Answer: The work function of cesium is found from

ϕ =
hc

λ
− Ek =

1240 eV · nm
300 nm

− (2.23 eV) = 1.90 eV.

If we instead use a wavelength of 400 nm, the kinetic energy is

Ek =
hc

λ
− ϕ =

1240 eV · nm
400 nm

− (1.90 eV) = 1.20 eV

so a stopping potential of 1.20 volts is required to counter the electron’s kinetic energy.

5. A 100 keV photon undergoes Compton scattering at an angle of 40◦. Find the energy of the
scattered photon, and the energy and angle of the recoil electron.
Answer: The energy of the scattered photon can be found from the Compton formula:

λs − λ0 =
h

mec
(1 − cos θ)

hc

Es

−
hc

E0

=
hc

mec2
(1 − cos θ)

Es = 1/
[ 1

E0

+
1 − cos θ

mec2

]

= 1/
[ 1

100 keV
+

1 − cos 40◦

511 keV

]

= 95.6 keV

The energy of the scattered electron is then 100-95.6=4.4 keV, so that it hasγ = 1 +
Ek/(mec

2) = 1.0086 and

β =

√

1 − (1 +
Ek

mec2
)−2 ≃

√

1 − (1 −
2Ek

mec2
) ≃

√

2Ek

mec2
=

√

2 · 4.4 keV
511 keV

or β ≃ 0.131 so that the electron’s net momentum is

pe = γβmec
2 = (1.0086)(0.131)(511 keV/c2)c = 67.5 keV/c.

Finally, we can get the angleϕ of the scattered electron setting theŷ momenta to be equal
and opposite:

(Es/c) sin θ = pe sin ϕ

ϕ = arcsin
[Es/c

pe

sin θ
]

= arcsin
[95.6 keV/c

67.5 keV/c
sin 40◦

]

= 65.6◦
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