
③ Under Galilean transf.
t' =t

,
×

'
=x - ut or t=t

'

,
x=x'tvt

Hence
,

E⇒= 3¥ It ' II Eat It - • Ex .

Italo - ¥131)=tEErE)I3¥ -3¥ . )=
= It. - 2rE¥# tuff.

since 24
Jtaxi

= It'
sexist'

similarly ,

⇐ = 3¥ # +3¥ # =L ⇒ II. =I¥
Hence

,

3¥ .EE#=IIiEtE*-wIIoxtIIH
⇒ I¥E¥

⇒ the wave equation is not invariant under Galilean
tromsf .



Under bounty tnansf we have

:#= the - ' Ii ) . E- thx - E Ee )
Hence

,

3¥ -4¥ -vk.tl#t-rooI)---r4II.-arII*tr'3¥.)
I¥=Y¥ -

EE.tk#-EEI)==HI*-EIIxtEE*I
⇒ 3¥ .EE#=rt-EXIIa-EI*t--hIxa-EI*
since 841- E.) = 1
Hence

,
the wave equation is indeed invariant

under bounty tramsf.



④ Under a national Galilean tnansf .

I
'
= I - It

,

t
'

= t

we have

It = JE - ED
'

' Ex - ¥ , Effy .IE#
Thus

,

4- E. off -- n'4. If# - ED
'

)fE¥ - Erit )
=D't - Eff¥. - are 'fE¥)#HEAD)

⇒ the wave equation is not invariant .



⑤ starting from the honesty tnamf ,
t
'
= 8ft - ff ) ,

x
' =Hx - rt)

Adding and subtracting gives .

ct
'
- x

'
= E Ict - x )

,
ctttx ' = Elcttx )
-

when a

To show that the combination of two LT 's is

another LT
,
consider a fame F

"

moving
with

respect to F
' with velocity r

'
.

Then
,

it
"
- x

"
= ce

' let ' - xD
,
it
"

t x
"
= E' let'tx' )

with a'=fI .

Hence
,

it
"
- x

"
= E

'
. E Ict - x )

,

it
"

t x
"
⇒ E

'
- E Ict' txt )

i. a f =

=
1¥v when v" = rt✓ it

⇒ d. E = E
"



⑥ Covered in the lectures :

By the inverse Lorentz tnamf :
At ⇒ HAT

'
* LEE

' ) = V At' since Ax '
= O

ta
At' fi

F

- - - - ,

At At
'

7×1

⑦ Covered in the lectures .

By the Aunty tawny ,
Ax ' = 8 ( Ax

.

- v At 1 = TAX ⇒ Ax Ax '

since At = 0 because the distance between the

ends of the rod is measured simultaneously in F.
at at

'

F

7 ×
'

I

1

I

> ×



⑧ The half-life of the pions is
7=1.8 . loss in

their nest fame . This means that if at t=O

there N
pious , after time I thou will be

only M2 pious left .
For an observer in the lab

,
the

pions
' clock

ruins slow because of time dilation .

The

half-life of moving pions in the lab is

At At
'

=L =
20.1 - 10-8 s .

H-fo.TT

Thus
, in

the lab
pions

hill travel

AX = vAt = 0.996 - 13.108m/s) . (20-1.154)=60.2m

before half of them decay .

Without time dilation , they would travel

Ax = 0.996.13108 m/s ) . 11.8.1085 ) = 5.4 m

before half of them decay .



⑨ The thain has length Ax
' =D in its own

reference frame F
'
. From the lectures

,
we have

seen that the length contraction is given by
A-x = If Ax

'

so
, for Ax = 43 we have

§ = It = YET he ⇒ f¥7



⑧ spacetime diagram from the point of view of Joe :
¥

F
'

t
n

F

Mirror

>×
I ¥

Spacetime diagram from Moe 's point of view :

t r
F' f

'

F

Mirror

. 7×1
< 2


