loday

[. Small Logistics: Lab Help & More Homework Help
II. Last Time

III. Lorentz Iranstormations: the Invariant Spacetime Interval

IV. Four Vectors

I.  Yanpeil Deng will help 1n the lab. She’s available M-W {rom
6-7pm in Brody lab.

Antu Antu will providing homework support.
Lab Reports now due: Spm.

II. We discussed the invariance ot the spacetime interval
—Cc?At? + Ax? = — c?At? + Ax”.

: / v / V
Lorentz transformations: x' = y(x — —(ct)) and ¢ = y(t— —2x)
C C



loday

[. Small Logistics: Lab Help & More Homework Help
II. Last Time

III. Lorentz Iranstormations: the Invariant Spacetime Interval

IV. Four Vectors

II. We discussed the invariance ot the spacetime interval
—C?At* + Ax® = — c*At? + Ax”.

, V V
Lorentz transformations: x' = y(x — —(ct)) and ¢ = y(t— —zx)
C C
Or
.
ct' = y(ct — —x).
C

We also derived that clocks synchronized in one frame appear
unsynched 1in another and we derived velocity addition from

Lorentz transformations.



II. We’ve discussed both spacetime events and spacetime

intervals:

Ax' = y(Ax — —cA7)
C

— cAr = y(Af — —AX)
elsewhere, c

Or present

past

elsewhen

Let’s check the invariance ot the spacetime interval:

—C2A1? + Ax? = 2 | —c2(cAr — —AX)? + (Ax — —cAFY?
C C




I11. We’ve discussed both spacetime events and spacetime
intervals:

Let’s check the invariance ot the spacetime interval:

—C2Af? + Ax? = 42 | —(cAt — 2 A% + (Ax — —cAP)?
C C

2

= 77 | (AP + AX? — 20AIAY) + (AX + VAP — 2vAXAD)
C

2
=77 | (P = AP + (1 = A
C

i _
C 1
— }/2 ——2At2 + —2Ax2 = — C2At2 + sz
L y y —
v The framing of a calculation 1n terms these
Ax'=y(Ax ——cAr) _ . .
¢ invariant calculations 1s much, much, much faster.

AL = y(Af — —AX)
C



IV. Four Vectors

Let’s introduce a tidier notation:

A=t xl=x,x*=y,x =2

T'his 1s called the 4-vector notation. In particular,

x* = x!, x%,x°), u € {0,1,2,3}. The “position-time” 4-vector.

[In Newtonian mechanics we would have written @ = (a!, a?, a°).]

Ax’ = y(Ax — —cAD)
C

. . . . ;
Einstein summation notation: CAF = y(Af — L Ax)
3 C
H = yH
Z xtx, = xtx,.
p=0

Greek 1indices are all four values 0,1,2,3 and roman indices are
only the three 1,2,3.

Let’s also introduce the shorthand g = . This all cleans up our
c

Lorentz transformations: (x°) = y(x" — gx!), (x!)’ = y(x! — px")



IV. Four Vectors

What distinguishes a 4-vector from any other physical quantity?
A “4-vector” 1s any collection of 4 #’s

at = (ao, al, a? a3)

'T'hat transtorms 1n the same way that x¥ does when you go from
frame S to frame §’. Then,
(a®) = y(a” - pab),

(a') =y(a' - pa”),

(a®) = a’,

(@) = a’.

Let’s build up some examples.

Proper time: There’s more than one time out there: “ordinary

time” (“coordinate” or “lab” time), the time on the lab’s wall clock

—t. A particle zooming through the lab measures “proper time”

on 1ts wrist watch.



IV. Four Vectors

Let’s build up some examples.

Proper time: There’s more than one time out there: “ordinary

time” (“coordinate” or “lab” time), the time on the lab’s wall clock
—t. A particle zooming through the lab measures “proper time”

on 1ts wrist watch, call 1t 7.

We know that these two are related by

dt = ydr.
Proper velocity: Ordinary velocity 1s ’
Ax v
V=—",
At

with both measured 1n the lab. Our new notion, of proper

velocity, 1s




