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Fill in each underlined blank in the statements of all the problems, referring to the key
words or key constants listed below, and answer the questions.

Bohr, Galilean; Hartree; Weinberg; Einstein; Maxwell, Feymann; Thomas, Newton;
Lorentz; Larmor; Stern-Gerlach;de Broglie; Compton; Schroedinger; g-factor;
Stefan-Boltzmann factor; Planck constant, Sommerfeld; de Broglie; Rayleigh-Jeans;
Rydberg; Raman; Zeeman; RutheffoldaThemsen; orbital; spin; inertial; black-body;
magneton;

6.67x10-"" N-m2/kg? ; 6.626x4034J-5:1.381x102V/K,.8.617x10° eVIK;

4.136x10-15 eV-s; 160210719 C; 9.109x10-31 Kg; 8.854x10%2 F-m;

1.257x106 H/im: 5/292x10-" m; 1.097373x 0%t

Example:

Write down the equation for the law of gravitation which is discovered by the 23-
year-old in 1665.
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(1) (26%)
(@) in 's model, the orbital angular momentum L of an electron in an atom
is postulated to be quantized. (2%)

L=nh (n=1,2,...)
(b) The energy levels are then

Find the expression and the value of the
consStant .R.. "(8%)

(¢ ) In quantum mechanics, the energy levels are

obtained by finding the-eigenvalues of the
equation. (2%;) VVrite down the time-

independent eguation for one-electron atom. (6%)

(d) A model of one{d!mension one-electronatom.in the affective potential
-%je— A 20
VerEt L8 i z<o

can be used to findi{he energy levels of an eléctron trapped by the induced electric
field on the surface of liquid helium. The energy lavelsareé = =. R" (n=12 )

Find R*=? . (8%)
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(2) (20%)
(a) Basic postulates of special theory of relativity: the speed of light as well as the
physical laws are the same in all reference frames. (2%)

A train is moving forward with speed v in the +x direction relative to the observer
on the ground. A light signal is sent from a source on the floor of the train, in the
+z direction, and reaches the ceiling of the train after time AZ For the observe on
the ground, the signal takes time A#’ from the source to the ceiling. The speed of
light is ¢in both the frame S on the train and the frame $' on the ground.

(b) Find the relation between A lahd.ad2(470)
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(c) During time A’ the\light source on the train has moved a distance L' from label
A to label B marked on the ground. For zn observer on the'train, the distance
between A and B is L. Find the.elationbetween [ and?’. (4%)

(d) The coordinates (x,y,z.,f) in S are related to the coordinates (x',y’.Z.f) in S" by the
transformation. (2%)

Write down the transformation equations for the case when an event at t=0 and

x=0,y=0,z=0 in S is observed to occur at £=0, x'=0, y'=0, 2'=0 in S'.(4%)

(e) What are the equations for the transformation between the velocities for a particle
moving at velocity (u,, u,,u,) observed in S and at (v, u',u’,) observed in S’ ?(4%)
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(3)(28%)

the

theira

= - —gﬁh L ,where M~ 28 s called the
and its the value is where the g-factor, g&=

(a) An electron moving circularly around the nucleus. The relation between the _
magnetic dipole moment fi produced by the motion and its angular momentum L is

2m s

(b) The motion of the electron in presence of the magnetic field produced by the
nucleus, is in analogy to a spinningiep=Fhe.phenomena is called

precession. The relativistic efféct, ofithe ‘other hand, causes
precession, that the magnetic dipels arisen from the internal

degree of freedom is expressad as

n= - ﬁ;’“—‘h s/ whereSis__ando. = (10%)

(c) The energy levels of an atom.in.a uniform magnetic field B split according to the
angular momentum gquantum ntmbers . Thisis called | effect. (2%)
The energy splittingis AE = g1, B m, .EXpress.g in ferms s of th the quantum numbers

of the total angular momentum, j. #s'component in the direction of B m,, the total
orbital angular momentum, /. and the tofal spin angular momentum, s. (6%)

(d) The beams of atoms in & non-uniform magnetic field are separated according to

ngular momentum states in the experiments. (2%)

R M M OFE M R




BarpeRE 101 ZEEREA AR AFRRME
%5 H £5H

HE B 4 32 5 55 o .
B Wl 2A20 B( %) Emi
(8162, 8163) Al o

am

# #® # B| iR BB

(4) (16%)

(a)in proposing the idea that electromagnetic waves are quantized as photons, the
physicists postulated that the photon energy E of frequency v is ;

proposed that the momentum p and wave vector k are related by .

used the same relations to propose the idea of material waves.
(10%)

(b) A beam of neutrons that emenges from a nuclear reactor contains neutrons with a
variety of energies. To obiairnautrons with an energyof6.06 eV, the beam is passed
through a crystal whose atomic planes are 20 A apart. At what.angle relative to the
original beam will the desired neutiohs be diffracted? (6%)

(5) (10%)

Find the transmission and refiection coefficients for the quantum waves in
a one-dimensional step poeisntial.




