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Ex QMI@LQ;»@K&M

2. m%—mesons decay to two gamma rays via m° — 2v. The rest mass

of-a-m%-meson-is~(135:1-MeV)/c*—In-a-particular-lab-experiment;-the
79 mesons have energies in the range 6 GeV to 18 GeV. Take the mean
life 7 of a 7%-meson to be 2.9 x 107*s. For this question, use ¢ =
2.9974 x 108 ms1.

(a) What are the lowest and highest possible velocities in the 70—
meson beam? Y,

(b) What are the lowest and highest possible mO—meson lifetimes as

measured in the lab, in seconds?

(c) For m%-mesons at the lower and upper edges of the energy range,
what distances between production and decay do the mean lives
correspond to, in micrometres? Is it possible for a 70 to sur-
vive have a longer range between production and decay than the
greater of these two numbers?

(d) In the lab, what is the maximum possible energy achievable by a
photon from a 7%-meson decay in this particular beam?
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S ~..-.~»_-»; ;L»fA——fmanf earrying-a-pole-horizontally-runs-at-a-constant-speed-into .
‘ | a barn whose long azis is parallel to the pole. The barn is 20
| metres in length. The rest length of the pole is 25 metres. Once

the rear end of the pole enters the barn, the rear door is shut

behind the pole. Although the pole at rest is longer than the barn,
and therefore when at rest it won’t fit, the runner gets around
this difficulty by running so fast that the pole’s length is Lorentz
contracted, and the pole does fit into the barn. For this problem,
consider the runner to be travelling in the +x—direction.

1. At what fraction of ¢ must the runner sprint so that the -
pole is Lorentz contracted to a length of 15 metres to an
observer in the reference frame of the barn? What are the
values of the special relativistic § and «y corresponding to
this speed?

2. In the (unprimed) reference frame of the barn, considering
the event of the rear of the pole entering the barn to have
coordinates (ct = 0,z = 0), what are the coordinates of
the event of the front of the pole touching the far wall of
the barn?

3. Consider a second (primed) observer in the reference frame
of the runner. In this frame, calculate the coordinates
(ct',z') of: '

(a) The rear of the pole entering the rear of the barn;

(b) The front of the pole touching the front wall of the
barn.

4. In the reference frame of the runner, once the front of the
pole hits the front of the barn, how much longer does it
take until the rear of the pole enters the barn door? Show
that the rear end of the pole doesn’t receive information
that the front end has hit the far wall until after it has
entered the barn. Can the pole be perfectly rigid? Explain
yOUr answer.




_BARN_DoOR ___PARADOX _QUESTION:

. N

o— 5

= g=-20M=7-

=

UNPRMED
OBLERVER

FeimeD

’5@34’5‘@5{&' o
Te LL

G
—F

[Coens conbactier of- fe pole |
&) L;’* Lr 5 wo Lp_ 2563 _ 5
7 Lt 150w 3

OF OF
BARN BARNM

\Spccc&h!/:& coorchndle p)f pront O.F. pole. eatannq reir™ oﬁ» beerny
: Cct)xﬂ’@) o) ]
Time from of ‘pola tahes b howerne. b avel reach front of- benn

tgrle. Lo 5 o= =
% Bc &
Xg = Lg So  (ctg,XB) = (% 3 Lg>

:@W,%@

Spaebrmi coordunaltl for b Rour of fne
ecvE etians  fan rear of- the  bann

e ()= ()0 = G- (2)
lalts for  Prnt of pole, hiting &o/\h of- bam. 215- -
o - [

<CL§ (% F (Ctg NER
')Cg,\ 'ﬁ(}' X Ye - '% % 2.0

S p acehiwml coo




LO\/\&V\ q)o\o@x e roamir edlyy Ha  boam " : ,

ek o o o
th Baxm foue

U ) b s lo ) s ~»

n et fraar of s hme behresn Powk ok
Po\ﬁ l/\lHTf/\ﬁ ﬂrm&‘ o'# évam/\ a,(/((‘/L reLLS [)% [)o[e (Q..Ldt /\)VMJU/)
enttnnd  rear of bam g

325 m  — |5
B = D¢ns

- =

A res b R/Z:L-ML cr{;mxnvw/) PoLg i 25wm }avicj
time br o &%W wmd_fv bzueae the ;QQ ic

= 25“"
A{:LS — = B35
3l ms~!

So A& (LJ]A)r S‘jvxok ccu/MO(r“' (Dro/)&jazti af‘}M OnL 6‘404

o the Pd& o the oblr i e hme febesn Ao
bok o the pole shiben hy fod o te bom o
Ao oer woh bade of lhe pole eltnung o lbam cdovr

i resk fame of rower
A] B ] c)
2N Iy 23
D) _ E]
)-—’\r—‘"‘l or /S S - 0}




