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T
he

E
arly

U
niverse
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ber

10,
2009

P
rof.

A
lan

G
uth

P
R

O
B

L
E
M

S
E
T

1
R

ev
ised

V
ersion

*

D
U

E
D

A
T

E
:
T

hursday,
Septem

ber
17,2009

R
E
A

D
IN

G
A

S
S
IG

N
M

E
N

T
:
T

h
e

F
irst

T
h
ree

M
in

u
tes,

C
hapters

1
and

2.

P
R

O
B

L
E
M

1:
N

O
N

R
E
L
A

T
IV

IS
T

IC
D

O
P

P
L
E
R

S
H

IF
T

,
S
O

U
R

C
E

A
N

D
O

B
S
E
R
V

E
R

IN
M

O
T

IO
N

(5
points)

C
onsider

the
D

oppler
shift

of
sound

w
aves,for

a
case

in
w

hich
both

the
source

and
the

observer
are

m
oving.

Suppose
the

source
is

m
oving

w
ith

a
speed

v
s

relative
to

the
air,

w
hile

the
observer

is
receding

from
the

source,
m

oving
in

the
opposite

direction
w

ith
speed

v
o

relative
to

the
air.

C
alculate

the
D

oppler
shift

z.

P
R

O
B

L
E
M

2:
T

H
E

T
R

A
N

S
V

E
R

S
E

D
O

P
P

L
E
R

S
H

IF
T

(5
points)

C
onsider

the
D

oppler
shift

observed
by

a
stationary

observer,
from

a
source

that
travels

in
a

circular
orbit

of
radius

R
about

the
observer.

L
et

the
speed

of
the

source
be

v
s .

*
T

he
due

date
has

been
changed

from
Sept.

15
to

Sept.
17.

In
addition,

the
point

allocation
for

each
problem

has
been

added.
T

he
totalnum

ber
of

points
w

ill
vary

som
e

from
problem

set
to

problem
set,w

ith
this

problem
set

being
one

of
the

shortest.
Y

our
final

problem
set

grade
w

ill
be

the
sum

of
the

individual
grades,

so
the

problem
sets

w
ith

m
ore

points
w

illcount
m

ore
than

the
others.
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(a)
If

the
w

ave
in

question
is

sound,
and

both
the

source
speed

v
s

and
the

w
ave

speed
u

are
very

sm
all

com
pared

to
the

speed
of

light
c,

w
hat

is
the

D
oppler

shift
z?

(b)
Ifthe

w
ave

is
light,traveling

w
ith

speed
c,and

v
s

is
not

necessarily
sm

allcom
-

pared
to

c,w
hat

is
the

D
oppler

shift
z?

In
answ

ering
this

part
of

the
question,

you
w

ill
w

ant
to

keep
in

m
ind

the
follow

ing
facts

from
special

relativity:

(1)
T

IM
E

D
IL

A
T

IO
N

:A
ny

clock
w

hich
is

m
oving

at
speed

v
relative

to
a

given
reference

fram
e

w
illappear

(to
an

observer
using

that
reference

fram
e)

to
run

slow
er

than
norm

alby
a

factor
denoted

by
the

G
reek

letter
γ

(gam
m

a),
and

given
by

γ≡
1

√
1−

β
2

,
β
≡

v
/
c

.

(2)
L
O

R
E

N
T

Z
-F

IT
Z
G

E
R

A
L
D

C
O

N
T

R
A

C
T

IO
N

:
A

ny
rod

w
hich

is
m

oving
at

a
speed

v
along

its
length

relative
to

a
given

reference
fram

e
w

illappear
(to

an
observer

using
that

reference
fram

e)
to

be
shorter

than
its

norm
al

length
by

the
sam

e
factor

γ.
A

rod
w

hich
is

m
oving

perpendicular
to

its
length

does
not

undergo
a

change
in

apparent
length.

(3)
R

E
L
A

T
IV

IT
Y

O
F

SIM
U

LT
A

N
E

IT
Y

:Suppose
a

rod
w

hich
has

rest
length

�
0

is
equipped

w
ith

a
clock

at
each

end.
T

he
clocks

can
be

synchronized
in

the
rest

fram
e

of
the

system
by

using
light

pulses.
If

the
system

m
oves

at
speed

v
along

its
length,

then
the

trailing
clock

w
ill

appear
to

read
a

tim
e

w
hich

is
later

than
the

leading
clock

by
an

am
ount

β
�
0 /

c.
If,

on
the

other
hand,

the
system

m
oves

perpendicular
to

its
length,

then
the

synchronization
of

the
clocks

is
not

disturbed.
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P
R

O
B

L
E
M

3:
A

H
IG

H
-S

P
E
E
D

M
E
R

R
Y

-G
O

-R
O

U
N

D
(5

points)

N
ow

consider
the

D
oppler

shift
as

it
w

ould
be

observed
in

a
high-speed

“m
erry-

go-round.”
Four

evenly-spaced
cars

travelaround
a

centralhub
at

speed
v,allat

a
distance

R
from

a
central

hub.
E

ach
car

is
sending

w
aves

to
all

three
of

the
other

cars.

(a)
If

the
w

ave
in

question
is

sound,
and

both
the

source
speed

v
and

the
w

ave
speed

u
are

very
sm

all
com

pared
to

the
speed

of
light

c,
w

ith
w

hat
D

oppler
shift

z
does

a
given

car
receive

the
sound

from
(i)

the
car

in
front

of
it;(ii)

the
car

behind
it;and

(iii)
the

car
opposite

it?

(b)
In

the
relativistic

situation,
w

here
the

w
ave

is
light

and
the

speed
v

m
ay

be
com

parable
to

c,
w

hat
is

the
answ

er
to

the
sam

e
three

parts
(i)-(iii)

above?

T
otal

p
oin

ts
for

P
rob

lem
S
et

1:
15.


