
M
A
S
S
A
C
H
U
S
E
T
T
S
IN
S
T
IT
U
T
E
O
F
T
E
C
H
N
O
L
O
G
Y

P
h
y
sics
D
ep
artm
en
t

P
h
y
sics
8.286:
T
h
e
E
arly
U
n
iv
erse

A
u
gu
st
30,
2020

P
rof.
A
lan
G
u
th

P
R
O

B
L
E
M

S
E
T

1

D
U
E
D
A
T
E
:
F
rid
ay,
S
ep
tem
b
er
11
,
2
0
2
0
,
5
:0
0
p
m
.

R
E
A
D
IN
G

A
S
S
IG
N
M
E
N
T
:
T
h
e
F
ir
s
t
T
h
r
e
e
M

in
u
t
e
s,
C
h
ap
ters
1
an
d
2.

N
O
T
E

A
B
O
U
T

E
X
T
R
A

C
R
E
D
IT
:
T
h
is
p
rob
lem
set
con
tain
s
40
p
oin
ts
of
regu
lar

p
rob
lem
s
a
n
d
15
p
oin
ts
ex
tra
cred
it,
so
it
is
p
ro
b
a
b
ly
w
orth
w
h
ile
for
m
e
to
clarify
th
e

op
eration
al
d
e�
n
ition
of
\ex
tra
cred
it".
W
e
w
ill
k
eep
track
of
th
e
ex
tra
cred
it
grad
es

sep
arately,
a
n
d
a
t
th
e
en
d
o
f
th
e
co
u
rse
I
w
ill
�
rst
a
ssig
n
p
rov
ision
al
grad
es
b
ased

solely
on
th
e
regu
lar
cou
rsew
ork
.
I
w
ill
con
su
lt
w
ith
ou
r
teach
in
g
assistan
t,
B
ru
n
o

S
ch
eih
in
g,
an
d
w
e
w
ill
try
to
m
ak
e
su
re
th
at
th
ese
grad
es
are
reason
ab
le.
T
h
en
I
w
ill

ad
d
in
th
e
ex
tra
cred
it,
allow
in
g
th
e
grad
es
to
ch
a
n
g
e
u
p
w
ard
s
accord
in
gly.
F
in
ally,

B
ru
n
o
a
n
d
I
w
ill
lo
o
k
at
each
stu
d
en
t's
g
rad
es
in
d
iv
id
u
ally,
an
d
w
e
m
igh
t
d
ecid
e
to

giv
e
a
h
igh
er
grad
e
to
som
e
stu
d
en
ts
w
h
o
a
re
slig
h
tly
b
elow
a
b
ord
erlin
e.
S
tu
d
en
ts

w
h
ose
g
rad
es
h
av
e
im
p
roved
sign
i�
can
tly
d
u
rin
g
th
e
term
,
stu
d
en
ts
w
h
ose
average

h
as
b
een
p
u
sh
ed
d
ow
n
b
y
sin
gle
low
grad
e,
an
d
stu
d
en
ts
w
h
o
h
av
e
b
een
a�
ected
b
y

ad
v
erse
p
erson
al
or
m
ed
ical
p
rob
lem
s
w
ill
b
e
th
e
on
es
m
ost
lik
ely
to
b
e
b
o
osted
.

T
h
e
b
ottom
lin
e
is
th
at
th
e
ex
tra
cred
it
p
rob
lem
s
are
O
P
T
IO
N
A
L
.
Y
ou
sh
ou
ld

feel
free
to
sk
ip
th
em
,
an
d
y
ou
w
ill
still
get
an
ex
cellen
t
grad
e
in
th
e
cou
rse
if
y
ou

d
o
w
ell
on
th
e
regu
lar
p
rob
lem
s.
H
ow
ever,
if
y
ou
h
ave
som
e
tim
e
an
d
en
joy
an
ex
tra

ch
allen
ge,
th
en
I
h
op
e
th
at
y
ou
w
ill
�
n
d
th
e
ex
tra
cred
it
p
rob
lem
s
in
terestin
g
an
d

w
o
rth
w
h
ile.

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
poin
ts)

C
on
sid
er
th
e
D
op
p
ler
sh
ift
of
sou
n
d
w
aves,
for
a
case
in
w
h
ich
b
oth
th
e
sou
rce
a
n
d

th
e
ob
serv
er
are
m
ov
in
g.
S
u
p
p
o
se
th
e
sou
rce
is
m
ov
in
g
w
ith
a
sp
eed
v
s

relative
to
th
e

air,
w
h
ile
th
e
ob
serv
er
is
reced
in
g
from
th
e
sou
rce,
m
ov
in
g
in
th
e
op
p
osite
d
irection
w
ith

sp
eed
v
o

relativ
e
to
th
e
air.
C
alcu
late
th
e
D
op
p
ler
sh
ift
z
.
(R
ecall
th
at
z
is
d
e�
n
ed
b
y

1
+
z
�

�
o =
�
s ,
w
h
ere
�
o

an
d
�
s

are
th
e
w
av
elen
gth
s
as
m
easu
red
b
y
th
e
ob
server
an
d

b
y
th
e
sou
rce,
resp
ectiv
ely.)
H
in
t:
w
h
ile
th
is
p
rob
lem
can
b
e
solv
ed
d
irectly,
you
can

sav
e
tim
e
b
y
�
n
d
in
g
a
w
ay
to
d
eterm
in
e
th
e
an
sw
er
b
y
u
sin
g
th
e
cases
th
at
are
alread
y

calcu
lated
in
L
ectu
re
N
otes
1.

8
.2
8
6
P
R
O
B
L
E
M

S
E
T
1
,
F
A
L
L
2
0
2
0

p
.
2

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

(25
po
in
ts)

C
on
sid
er
th
e
D
op
p
ler
sh
ift
o
b
served
b
y
a
sta
tion
ary
ob
serv
er,
fro
m
a
so
u
rce
th
a
t

travels
in
a
circu
lar
orb
it
of
rad
iu
s
R
ab
ou
t
th
e
o
b
serv
er.
L
et
th
e
sp
eed
o
f
th
e
sou
rce
b
e

v
.(a)

(5
poin
ts)
If
th
e
w
ave
in
q
u
estion
is
sou
n
d
,
an
d
b
oth
th
e
so
u
rce
sp
eed
v
a
n
d
th
e

w
ave
sp
eed
u
are
very
sm
a
ll
com
p
ared
to
th
e
sp
eed
o
f
ligh
t
c,
w
h
at
is
th
e
D
o
p
p
ler

sh
ift
z?
A
ssu
m
e
th
at
th
e
o
b
serv
er
is
at
rest
relativ
e
to
th
e
air.

(b
)
(5
poin
ts)
If
th
e
w
ave
is
ligh
t,
travelin
g
w
ith
sp
eed
c,
an
d
v
is
n
ot
sm
all
co
m
p
a
red

to
c,
w
h
at
is
th
e
D
op
p
ler
sh
ift
z
?
T
h
is
is
called
th
e
tra
n
sverse
D
opp
ler
sh
ift,
sin
ce

th
e
v
elo
city
o
f
th
e
ligh
t
ray
is
p
erp
en
d
icu
lar
to
th
e
v
elo
city
of
th
e
sou
rce
at
th
e
tim
e

of
em
ission
,
as
seen
in
th
e
referen
ce
fram
e
of
th
e
ob
serv
er.

(c)
(5
poin
ts)
S
till
con
sid
erin
g
ligh
t
w
av
es
an
d
th
e
sa
m
e
p
attern
o
f

m
otion
as
sh
ow
n
in
th
e
�
g
u
re,
su
p
p
ose
th
at
th
e
sou
rce
an
d
th
e

ob
server
w
ere
rev
ersed
.
T
h
at
is,
su
p
p
ose
a
ligh
t
ray
is
sen
t
fro
m

th
e
p
erson
at
th
e
cen
ter
o
f
th
e
circle
to
th
e
p
erson
travelin
g

arou
n
d
th
e
circle
at
sp
eed
v
.
In
th
is
case,
w
h
a
t
w
ou
ld
b
e
th
e

D
op
p
ler
sh
ift
z?

(d
)
(5
poin
ts)
N
ow
su
p
p
ose
th
a
t
th
e
m
otion
is
lin
ear
in
stead
o
f

circu
lar.
A
gain
w
e
con
sid
er
ligh
t
ray
s,
an
d
as
in
p
art
(b
)

w
e
assu
m
e
th
at
th
e
sou
rce
is
m
ov
in
g
w
ith
a
sp
eed
v
th
at
is

n
ot
sm
all
com
p
ared
to
c.
If
th
e
lig
h
t
ray
is
em
itted
b
y
th
e

sou
rce
at
th
e
m
om
en
t
o
f
its
closest
ap
p
roa
ch
to
th
e
ob
serv
er,

as
sh
ow
n
in
th
e
d
iagram
,
w
h
a
t
is
th
e
D
o
p
p
ler
sh
ift
z?

(e)
(5
poin
ts)
A
gain
con
sid
er
lin
ear
m
o
tion
,
w
ith
ligh
t
ray
s.
A
s

in
p
art
(c),
assu
m
e
th
at
th
e
ob
serv
er
is
m
ov
in
g
w
ith
a
sp
eed

v
th
at
is
n
ot
sm
all
com
p
a
red
to
c.
If
th
e
ligh
t
ray
is
receiv
ed

b
y
th
e
ob
serv
er
at
th
e
m
om
en
t
o
f
its
clo
sest
ap
p
roa
ch
to
th
e

sou
rce,
as
sh
ow
n
in
th
e
d
iagram
,
w
h
a
t
is
th
e
D
op
p
ler
sh
ift

z?
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8
6
P
R
O
B
L
E
M

S
E
T
1
,
F
A
L
L
2
0
2
0

p
.
3

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

(T
h
is
p
ro
blem
is
n
o
t
requ
ired,
bu
t
ca
n
be
d
on
e
for
15
poin
ts
extra
credit.)

N
ow
con
sid
er
th
e
D
op
p
ler
sh
ift
as
it
w
o
u
ld
b
e
o
b
served
in
a
h
igh
-sp
eed
\m
erry
-go-

rou
n
d
."
F
o
u
r
even
ly
-sp
aced
cars
trav
el
arou
n
d
a
cen
tral
h
u
b
a
t
sp
eed
v
,
all
at
a
d
istan
ce

R
fro
m
a
cen
tral
h
u
b
.
E
ach
car
is
sen
d
in
g
w
aves
to
all
th
ree
of
th
e
oth
er
cars.

(a)
If
th
e
w
av
e
in
q
u
estion
is
sou
n
d
,
an
d
b
oth
th
e
sou
rce
sp
eed
v
an
d
th
e
w
ave
sp
eed
u

a
re
very
sm
all
com
p
ared
to
th
e
sp
eed
o
f
ligh
t
c,
w
ith
w
h
at
D
op
p
ler
sh
ift
z
d
o
es
a

giv
en
car
receiv
e
th
e
sou
n
d
from
(i)
th
e
car
in
fron
t
o
f
it;
(ii)
th
e
car
b
eh
in
d
it;
an
d

(iii)
th
e
car
op
p
osite
it?

(b
)
In
th
e
relativ
istic
situ
ation
,
w
h
ere
th
e
w
ave
is
ligh
t
a
n
d
th
e
sp
eed
v
m
ay
b
e
com
p
a-

ra
b
le
to
c,
w
h
at
is
th
e
an
sw
er
to
th
e
sam
e
th
ree
p
arts
(i)-(iii)
ab
ov
e?

T
o
ta
l
p
o
in
ts
fo
r
P
r
o
b
le
m

S
e
t
1
:
4
0
,
p
lu
s
1
5
p
o
in
ts
o
f
e
x
tr
a
c
r
e
d
it.


