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F
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T
h
ree

M
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u
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C
hapters

1
and

2.

N
O

T
E

A
B

O
U

T
E
X

T
R

A
C

R
E
D

IT
:
T
his

problem
set

contains
40

points
of

regular
problem

s
and

15
points

extra
credit,

so
it

is
probably

w
orthw

hile
for

m
e
to

clarify
the

operationaldefinition
of“extra

credit”.
W
e
w
illkeep

track
of

the
extra

credit
grades

separately,and
at

the
end

ofthe
course

I
w
illfirst

assign
provisional

grades
based

solely
on

the
regular

coursew
ork.

I
w
ill

consult
w
ith

T
ingtao

Z
hou,

and
w
e
w
ill

try
to

m
ake

sure
that

these
grades

are
reasonable.

T
hen

I
w
illadd

in
the

extra
credit,

allow
ing

the
grades

to
change

upw
ards

ac-
cordingly.

F
inally,T

ingtao
and

I
w
illlook

at
each

student’s
grades

individually,
and

w
e
m
ight

decide
to

give
a
higher

grade
to

som
e
students

w
ho

are
slightly

below
a
borderline.

Students
w
hose

grades
have

im
proved

significantly
during

the
term

,
students

w
hose

average
has

been
pushed

dow
n
by

single
low

grade,
and

students
w
ho

have
been

affected
by

adverse
personal

or
m
edical

problem
s

w
illbe

the
ones

m
ost

likely
to

be
boosted.

T
he

bottom
line

is
that

the
extra

credit
problem

s
are

O
P
T
IO

N
A
L
.
Y
ou

should
feel

free
to

skip
them

,
and

you
w
ill

still
get

an
excellent

grade
in

the
course

if
you

do
w
ellon

the
regular

problem
s.

H
ow

ever,if
you

have
som

e
tim

e
and

enjoy
an

extra
challenge,

then
I
hope

that
you

w
ill

find
the

extra
credit

problem
s
interesting

and
w
orthw

hile.

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

(15
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.

(R
ecall

that
z
is
defined

by
1+

z≡
λ

o /
λ

s ,w
here

λ
o
and

λ
s
are

the
w
avelengths

as
m
easured

by
the

observer
and

by
the

source,
respectively.)

H
int:

w
hile

this
problem

can
be

solved
directly,you

can
save

tim
e
by

finding
a
w
ay

to
determ

ine
the

answ
er

by
using

the
cases

that
are

already
calculated

in
L
ecture

N
otes

1.
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P
R

O
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E
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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

(25
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.

(a)
(5

points)
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
hat

is
the

D
oppler

shift
z?

A
ssum

e
that

the
observer

is
at

rest
relative

to
the

air.

(b)
(5

points)
If

the
w
ave

is
light,

traveling
w
ith

speed
c,

and
v
is

not
sm

all
com

-
pared

to
c,

w
hat

is
the

D
oppler

shift
z?

T
his

is
called

the
transverse

D
oppler

shift,
since

the
velocity

of
the

light
ray

is
perpendicular

to
the

velocity
of

the
source

at
the

tim
e
of

em
ission,

as
seen

in
the

reference
fram

e
of

the
observer.

(c)
(5

points)
Stillconsidering

light
w
aves

and
the

sam
e
pattern

of
m
otion

as
show

n
in

the
figure,

suppose
that

the
source

and
the

observer
w
ere

reversed.
T
hat

is,
suppose

a
light

ray
is
sent

from
the

person
at

the
center

ofthe
circle

to
the

person
traveling

around
the

circle
at

speed
v.

In
this

case,
w
hat

w
ould

be
the

D
oppler

shift
z?

(d)
(5

points)
N
ow

suppose
that

the
m
otion

is
linear

in-
stead

of
circular.

A
gain

w
e
consider

light
rays,

and
as

in
part

(b)
w
e
assum

e
that

the
source

is
m
oving

w
ith

a
speed

v
that

is
not

sm
allcom

pared
to

c.
If

the
light

ray
is
em

itted
by

the
source

at
the

m
om

ent
of

its
clos-

est
approach

to
the

observer,as
show

n
in

the
diagram

,
w
hat

is
the

D
oppler

shift
z?

(e)
(5

points)
A
gain

consider
linear

m
otion,

w
ith

light
rays.

A
s
in

part
(c),assum

e
that

the
observer

is
m
ov-

ing
w
ith

a
speed

v
that

is
not

sm
all

com
pared

to
c.

If
the

light
ray

is
received

by
the

observer
at

the
m
om

ent
of

its
closest

approach
to

the
source,

as
show

n
in

the
diagram

,
w
hat

is
the

D
oppler

shift
z?
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(T
his

problem
is

not
required,

but
can

be
done

for
15

points
extra

credit.)

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:
40,

p
lu

s
15

p
oin

ts
of

ex
tra

cred
it.


