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I. (20%) Two fixed nozzles A and B on the ground, 0.8 m apart, spray paint-marks

simultaneously (as measured by the ground observer O) onto a long rod which passes by
as shown in the figure at a relativistic speed v = 0.6¢c.

e An observer O’, who co-moves with the rod, observes that the rod is stationary.
What is the instantaneous separation between the two nozzles as observed by O'?

0.8 [|-0.¢ =03 x0.8=060.64 m .

o Determine separation between the two paint-marks measured by the observer O'.

o.8m = [i-a¢* /@O 5 ﬁ;lfm.

e According to the observer (', which nozzle sprays the paint-mark first? How many

0.6

o. 8'"" -

A gt B bl by = = r’?
at = °'f”’ - 2x1 s

o 2 mg

ns later does the other nozzle spray?
L. / 2z

X

e During that time delay, how far do the nozzles move according to observer O'7
(Check your answer to show you have consistent results)

-3
Al = Uat =0.6x300x 2x10 ap=0.36m,

bt g bdm= | m (comasled @L\w@

e Each paint-mark only lasts for 100 us as measured by O’. Find the time span of the
paint-mark as measured by the ground observer O.
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I1. (26%) In the ground frame O, particle P passes a detector at ¢t = 0, z = —72 m,
Simultaneously particle @ passes another detector at z = +96 m. Both P and @ have
the same rest mass 105 MeV/c? and move toward the origin. They collide at the origin

z = 0 when t = 0.4us, and becomes a composite object X.

Find the velocities (in ¢) , momenta (in MeV/c), and energies in (MeV) for both P and

(@ before the collision in the ground frame.

) _ o5 MV _ MY
Up"—"j—%:: %0 Mas = O0.6C 5 EP—. g - [3].25 Me
o2ttt g —
\o P= BEpUpfe = 13125 0.6 MY = 78.7Ts MY/
- o5MV Y
~96m = _pa0om/ = —0.8¢ ; Eg= L____—.é = ITs M

O A-ps
/ 'F____ 175"08“&\%: —-4-01\4@\//4

Determine the rest mass (in MeV/c?) of X.

chzg Qan,zsﬂffs)zl (14T5ﬂ78.75)21'“=‘- 300 Me/

Physics can be independently studied by the the observer O' in the rest frame of Q.
Determine the velocity u/» of P before the collision as measured by O’

uP/-—.: 0.6+08 o - I+ = 0.945 945 .

L{, [ + 0.6 ‘0.8 , 4_‘8'
= ,'«ZL =
o= C= :77’“
Find the momentum and energy of P before the colhs , measured by O’
y 206-2
= 5:FF 1 RS 42 221 )
’PF _,P_ uLF, (5:; 3?) 38 =%-z°;; 124_6’ = 306.25M
2 4 3T e

Find the momentum and energy of X after the collision, measured by o

p/= 306.25 ML +0O
£/= 323T+os = 42575 MeV

N

Base on the last answer, use the Pythagorean relation to find the rest mass of X.

2 ﬂz} 75— 306 P gc;,(j MeV/ v
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IT1. (27%) In a photo-electric experiment, a stopping potential of V; is need to to quench
the current due to electrons from the metal surface of work-function ¢ with the incident
red light of wavelength 620 nm. The voltmeter has not been calibrated, and only relative
voltage is reliable. A higher stopping potential 3.2V; is needed for the blue light of
wavelength 400 nm for the same metal.
Determine the work-function ¢ of the metal and the value of V.

Ay = 6207w Epg = ZHOZUEL 2eV

240nm-€V \
f)b ’_400\43\/\ Eb\u,&” ”2\:;’2;_:\:’: 316\/

Vo =2-% 2.2V, = |1
5.ZVo = %'l’CF [ C{j — ISQV i

What is the maximum velocity of the photo-electron just ejected from the metal by the

blue light?  |-F = z4-/5 = 1.4V

(UYL 2K 32eV ., -
(@\)l—— %cz S (| ooD ) —‘O 0025 ’U": 0,75 %S

Without a stopping potential, what is the maximum wavelength for the incident light to
induce a current due to the photo-electric effect?

R jzqpnm-eV 8267 77
& T T Tsev T

An X-ray of the photon energy 124 keV scatters with a free electron. Find the maxi-
mum kinetic energy given to the electron.

_ 1240 nm-eV 16

AT ZH e00 @ Tiee T OO T

V= A+ 0.00943 mm (1 calB) = 0.0148E nm

= 1%:% — 83 445eV

E-E = |o4 ~83,445 = 40.55% ke
KE. = 4‘0@54‘ /QQ/(/
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IV. (27%) The negative muon is a subatomic particle with the same charge as the electron
but a mass that is about 207 times greater: m, = 207m,.. A bare Helium nucleus *He
has all electrons removed. It carries a bare positive charge of two units. A single muon is
arranged to be captured by this nucleus to form a hydrogen-like system.

(1) List energies and radii of the various Bohr orbit (n =1, n =2, n = 3)?

E,=- —__——-—"252% = 28I5.2 eV"

E3= _ 2608 — — (251 2eV

= W 0. 00028 nm
U 20 L
TQ_'-*— 4 = o.0oo511 nm

= . |
Y%“ Q.),l_, O.ooll5 mm,

(2) From which orbit to which orbit, does the transition emit a photon of a wavelength
0.1239 nm? Your claim will be credited only when calculation is provided.

% Ex;—E4= IOOOQ.EQV

}é—w) - o009 6 g¥ 012377

(3) This photon is diffracted by a crystal. The second order constructive interference
occurs at an angle 37° between the incoming beam and the surface normal
direction. Determine the unknown lattice separation of the crystal.

chﬁn&z; n A
2 d (s §2°) = g (0-1239 )

0.19239
= —— = 0, )
C/ 04% [54‘8 o
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