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1. Recall that in the rest frame,
p=(E/c,0,0,0) = (mc,0,0,0)

So that
22

p'p=m’c
Next, we consider a Lorentz boost of velocity v in the x direction; our Lorentz trans-

formations are
vm

= y —VE/?) = ——————

m62

V1—wv2/c?

with py, p, unchanged at 0. Our new momentum is

= E, c, /70a0 = e s o 70a0
p=(E'/¢,p;,0,0) <\/1_v2/c2 i

E = 7(E - vpz) =

Vb= <\/1—v2/02> - (wl—v2/cz>

m2c? — m*v?
1—v2/c?
=m?c?

where the last division is easiest to see by writing the corresponding multiplication

2. In a frame S, a firecracker goes off at (50s, 150 000m, 12 000m, 3 000m).

(a) In a frame S’; boosted from S in the z direction at —0.8¢, we use the Lorentz

transformation
vy =By 0 0 50c 50cy — 1500008~
By v 00 150000 | | —50cBy + 150000
0 0 1 0 12000 B 12000
0 0 01 3000 3000



With v = (1 —0.82)"Y/2 =5/3, 8 = —0.8, ¢ = 3 x 10%, this is

ct! 2.5 x 1010 — 2 x 10°
o || —2x10%425x%x10°
v | 12000
2 3000
i.e.,
t' = 83.33s 7’ = —2 x 10%km y = 12km 2’ = 3km

(b) Given the time light takes to travel, in the rest frame, the firecracker will be seen

50s + v/ &2 + y2 + 22 /c = 50.001s

However, in the moving frame, this is

at

50s + va'2 + y'2 4 22 /c = 116.67s

3. If a meterstick makes an angle of 30°, then its height (along the y axis) is 0.5m and
length (along the z axis) is v/3/2m.
In the non-primed frame, the height will be the same, 0.5m, since there is no change

in velocity along the y axis. So, if the meterstick makes an angle of 45°, its length

must contract to 0.5m to match the height.

In equations,

Ax’zﬁzvlzwa

2 2

Solving for ~,
1

W:’Y:\/gﬁﬂzmc

b muv >
m’[?‘x (’y ]‘)mc .

To simplify our lives, scale v and ¢ so that ¢ = 1. Then the v we seek satisfies

0.99 — v2 B V2 B v2/1 =02
7-2 25 -2 2-2/1-?

After rearranging,
0= —0v® —2.960* + 0.03960>

Plugging this into sage, we get

v~ 0.11540559911376866¢ = 3.46 x 10"m /s



5. Consider the collision as seen in the zero-momentum frame. Before the collision,
momentum is zero and energy is positive. However, after the collision, the momentum

must still be zero, but if there is nothing but a photon left, we will have
E=pc=0c=0

violating conservation of energy.

6. In the rest frame, we see the criminal at speed vy, the cop at speed v, and the bullet

at speed % Clearly, in this frame the bullet will hit the criminal iff

Vp + U

Vo < Vpullet = T 5
T T+ vy, /2

Now, consider a Lorentz boost in the = direction of speed v. Then we have

o Vo — U
Yo = T ow
c2
/ _ VUbulles — Y
Ubullet = 1 — YUbullet
c2

and again, the bullet will hit the criminal iff

! A
Vo < Ubullet

Vg —V Ubullet — U
VU VVUbulle
1 _ C2D 1 _ bCQ“ t

VUbullet Vo

(vg — v) (1 ——— ) < (Vbutet —v) (1 — —

c c
2 2
VVoUbullet | U Vbullet VUQUpbullet |, VU0
Vo —V — 5 + 5— < Ubullet — ¥V — 5 +—
c c c c



2 2 2 2
C™Vo + V" VUpullet < C Vbullet + V" V0

CQ(UO — Ubullet) < Uz(vo — Ubullet)

Now, since v < ¢ for any valid Lorentz transformation, this last inequality will hold
iff

V0 — Ubullet < 0
ie.,

Vo < Ubullet

So that the criminal outruns the bullet in the rest frame, iff he outruns the bullet in

every other frame.

. If this is a head-on collision, it seems like the angle between the final velocities should

be 0, no?



