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Question 1 (10 points)
(@) A Physics student claims in court that the reason he crossed the red light (A = 700 nm) was that due to his
motion, the red light was Doppler shifted to green (A = 500 nm). How fast was he going? (5 points).
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(b) Two rockets are leaving their space station along perpendicular paths, as seen measured by an observer on a
stationary space station. Rocket 1 moves at 0.70c and rocket 2 moves at 0.90c, both relative to the space
station. What is the velocity of rocket 2 as observed by rocket 1? (5 points)
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Question 2 (10 points)

An electron having kinetic energy K =5.0 MeV makes a head-on collision with a positron at rest (A positron is an
antimatter particle that has the same mass as the electron but opposite charge). In the collision the two particles
annihilate each other and are replaced by two y rays of equal energy, each travelling at equal angles 6 with the
electron’s direction of motion. Suppose the electron was traveling in the positive x-direction before collision. (y Rays are
massless particles). Find the

(a) The energy E, of the y rays in MeV. (3 points)
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(c) The angle 6 of the y rays. (3 points)
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Question 3 (10 points)

A radium isotope, *°Ra, decays into a radon isotope, *’Rn, by emitting an o particle (helium nucleus) *He.
The masses are 226.0254u for Ra, 222.0175u for Rn, and 4.0026u for He.

(a) Write the equation for this decay. (2 point)
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(b) How much energy is released at a result of this decay? (8 points)
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Question 4 (10 points)

(a) Explain briefly what is the significance of Planck’s law, i.e., to what aspect of physics does it apply, and what is the
most important concept introduced by Planck to derive this law? (4 points)
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(b) Show that from Planck’s law, we can recover Wien’s exponential law. (2 points)
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(c) Show that from Plank’s law we can recover Rayleigh-Jeans law.
(Note that for small values of x, e* = 1 + x) (2 points)
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(d) Explain briefly what are the problems with Wien’s law and Rayleigh-Jeans law. (2 points)
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Question 5 (10 points)
Compton used in his experiment incident photons of wavelength 0.711 A aimed at a block of carbon.
(a) What is the energy of the incident photon? (3 points)
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(b) What is the energy of the scattered photon at an angle of 180°? (3 points)
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(c) What is the kinetic energy of the recoil electrons in the case of scattered photons at an angle of 180°? (3 points)
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(d) The so-called free electrons in carbon are actually electrons with a binding energy of about 4 eV. Why may this
binding energy be ignored in this case? (1 point) '
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Question 6 (10 points)
For the triply ionized Beryllium ion (Z = 4) calculate
(a) The energy of the electron in the third excited state. (2 points)
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(b) The radius of that orbit. (2 points) (
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(c) The speed of the electron in that orbit. (2 points)
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(d) The wavelength of light emitted when the electron “jumps” from the third excited state to the ground state. (2
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(e) Is this wavelength in the visible spectrum? Explain. (2 points)
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Question 7 (10 points)
(a) Who discovered the charge to mass ratio of the electron? (0.5 point)
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(b) Who found the value of the electron charge to a high precision? (0.5 point)
R . M 116 lcan
(c) Who discovered X-rays? (0.5 point)
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(d) Who did a thorough experimental study of the photoelectric effect? (0.5 point)
P, Lenard
(e) Which experiment offered evidence of the wave-particle duality of light? (0.5 point)
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(f) Who was the first to introduce the concept of quantization of light? (0.5 point)
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(g) What is the significance of the Frank-Hertz experiment? (1 points)
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(h) What is meant by the “Bohr correspondence principle”? (1 points)
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(i) What did Michelson-Morley experiment prove? (0.5 point)
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(i) Who found the theory that explains the spectral lines of atoms? (0.5 point)

N, Pohr
(k) What is the physical meaning of the work function of a metal? (0.5 point)
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() Who found experimentally Planck’s constant to a high precision? (0.5 point)

R Milkau

(m) Is the relativistic kinetic energy lost during an inelastic collision? Explain( 1 point)
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(n) How do you calculate the convergence limit of spectral lines in the Balmer series? (1 point)
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(0) What does the red shift observed in stars indicate? (1 point)
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PHYS212- FORMULA SHEET - MAJOR 1
Term122
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Constants:
e=16x10" C m, =9.1x107" kg h=105x107"J-s
m,=1.67x107" kg c=3x10°m/s lu=1.66x10" kg

ky,=138x107"J/K k=9%x10" N -m’C> m,c’ =0.511 Mev

mpc2 =938 MeV hc=12400 eV - A A, =0.00243 nm

0=5.67x10"° W.m” K” R=1.0973x10"m™" a, =0.053nm
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