Modern Physics — Problem Set # 4

Rest mass of the electron
Magnitude of the electron charge
Avogadro’s number

Universal gas constant
Boltzmann'’s conslant.

Speed of light

Planck’s constant

Vacuum permittivity

Vacuum permeability
Universal gravitational constant
Acceleration due to gravity

1 atmosphere pressure

1 angstrom

TABLE OF INFORMATION

mg = 9.11 x 107 kilogram = 9.11 x 1072 gram
e = 1.60 x 10" coulomb = 4.80 x 107'? statcoulomb (esu)
N, = 6.02 x 10% per mole
R = 8.31 joules/(mole - K)
k=138 x 1072 joule/K = 1.38 x 10716 erg/K
c = 3,00 x 10® m/s = 3.00 x 10" cm/s
h = 6.63 x 107 joule - second = 4.14 x 1075 eV - second
fi = hidn
€, = 8.85 x 10712 coulomb¥(newton - meter?)
Ko = 41 x 107 weber/(ampere - meter)
G = 6.67 x 10" meter?/(kilogram - second?)
g = 9.80 m/s? = 980 cm/s?
1 atm = 1.0 x 10% newton/meter? = 1.0 x 10° pascals (Pa)
1A=1x 10" meter

1 weber/m? = 1 tesla = 10* gauss

Moments of inertia about center of mass
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Rod 13 MQ
Disc 1 MR?
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8. A particle of mass m undergoes harmonic oscilla-
tion with period T,. A force f proportional to the
speed v of the particle, f=—bv, is introduced. If
the particle continues to oscillate, the period with
f acting is

(A) larger than T,

(B) smaller than T,

(C) independent of b

(D) dependent linearly on b
(E) constantly changing

9. In the spectrum of hydrogen, what is the ratio of
the Jongest wavelength in the Lyman series (nf= 1)
to the longest wavelength in the Balmer series
(np=2) 7
(A) 5/27
(B) 1/3
(C) 4/9
(D) 372
(E) 3




10.

11.

12.

Internal conversion is the process whereby an excited
nucleus transfers its energy directly to one of the
most tightly bound atomic electrons, causing the
electron to be ejected from the atom and leaving the
atom in an excited state. The most probable process
after an internal conversion electron is ejected from
an atom with a high atomic number is that the

(A) atom returns to its ground state through inelastic
collisions with other atoms

(B) atom emits one or several x-rays

(C) nucleus emits a y-ray

(DY) nucleus emits an electron

(E) nucleus emits a positron

A beam of neutral hydrogen atoms in their ground
state is moving into the plane of this page and
passes through a region of a strong inhomogeneous
magnetic field that is directed upward in the plane
of the page. After the beam passes through this
field, a detector would find that it has been

(A) deflected upward

(B) deflected to the right

(C) undeviated

(D) split vertically into two beams
(E) split horizontally into three beams

The ground-state energy of positronium is most
nearly equal to

(A) =272 eV
(B) -13.6 eV
(C) —-68¢V
(D) -34eV
(E) 13.6eV

34.

When the beta-decay of **Co nuclei is observed at
low temperatures in a magnetic field that aligns the
spins of the nuclei, it is found that the electrons are
emitted preferentially in a direction opposite to the
%Co spin direction. Which of the following invari-
ances is violated by this decay?

(A) Gauge invariance

(B) Time invariance

(C) Translation invariance
(D) Reflection invariance
(E) Rotation invariance




35.

36.

37.

38.

The wave function for identical fermions is anti-
symmetric under particle interchange. Which of
the following is a consequence of this property?

(A) Pauli exclusion principle

(B) Bohr correspondence principle
(C) Heisenberg uncertainty principle
(D) Bose-Einstein condensation

(E) Fermi’s golden rule

A lump of clay whose rest mass is 4 kilograms is
traveling at three-fifths the speed of light when it
collides head-on with an identical lump going the
opposite direction at the same speed. If the two
lumps stick together and no energy is radiated
away, what is the mass of the composite lump?

(A) 4kg
(B) 6.4 kg
(C) 8kg
(D) 10 kg
(E) 133 kg

An atom moving at speed 0.3¢ emits an electron
along the same direction with speed 0.6¢ in the
internal rest frame of the atom. The speed of the
electron in the lab frame is equal to

(A) 0.25¢
(B) 0.51¢
(C) 0.66¢
(D) 0.76¢
(E) 0.90¢

What is the speed of a particle having a momentum
of 5 MeV/c and a total relativistic energy of
10 MeV ?

(A) ¢

(B) 0.75¢
1

© e

D) 3¢

E) g c




39. Which of the following atoms has the lowest ioniza-
tion potential?

(A) ®He
B) 'N
© fo
D) I Ar

(E) I:ﬁ Cs

40. If a singly ionized helium atom in an n =4 state
emits a photon of wavelength 470 nanometers,
which of the following gives the approximate final
energy level, E[(, of the atom, and the n wvalue,

nf. of this final state?
E f (eV) ng

(A) -6.0 3

(B) -6.0 2

(C) -14 2

(D) —-14 1

(E) -52 1




