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Modern Physics MP-EX03
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1 5 Evidence for the wave nature of matter is:

A) electron diffraction experiments of Davisson and Germer B) Thompson's measurement of
e/m C) Young's double slit experiment D) the Compton effect E) Lenz's law

2 _ 6 Consider the following three particles:

1. a free electron with kinetic energy K

2. a free proton with kinetic energy K

3. a free proton with kinetic energy 2K

Rank them according to the wavelengths of their waves, least to
greatest.

A)1,2,3B)3,2,1C)2,3,1D)1,3,2E) 1, then 2 and 3 tied

2 7 A slowly moving proton has its velocity doubled. How does this
affect its de Broglie wavelength?

(A)tt 1s divided by 4 (B)it is divided by 2 (C)it is doubled (D) it i1s quadrupled
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2 _ 8 A slowly moving proton has its kinetic energy doubled. How does

this affect its deBroglie wavelength?
(A)it is divided by v/4 (B)it is divided by +/2 (C)it is multiplied by /2 (D)it is multiplied by v/4

1 9 An electron and a proton have the same kinetic energy. Which has

the greater de Broglie wavelength?

(A)electron (B)proton (C)same

4 10 A free electron and a free proton have the same momentum. This

means that, compared to the matter wave associated with the proton,
the matter wave associated with the electron has:

A) a shorter wavelength and a greater frequency B) a longer wavelength and a greater frequency
C) the same wavelength and the same frequency D) the same wavelength and a greater
frequency E) the same wavelength and a smaller frequency

4 11 A free electron and a free proton have the same kinetic energy.

This means that, compared to the matter wave associated with the
proton, the matter wave associated with the electron has:

A) a shorter wavelength and a greater frequency B) a longer wavelength and a greater frequency
C) a shorter wavelength and the same frequency D) a longer wavelength and the same frequency
E) a shorter wavelength and a smaller frequency

5 12 A non-relativistic free electron has kinetic energy K. If its

wavelength doubles, its kinetic energy is:

A) 4K B) 2 K C) still K D) K/2 E) K/4

energy in the interior and infinite potential energy at the walls. The ratio
E3/E| of the energy for n = 3 to that forn = 1 is:

4 _ 13 An electron is in a one-dimensional trap with zero potential

A) 1/3B) 1/9 C) 3/1 D) 9/1 E) 1/1

3 _ 14 A particle is trapped in a one-dimensional well with infinite
potential energy at the walls. Three possible pairs of energy levels are:
l.n=3andn=1

2.n=3and n =2

3.n=4andn =3

Order these pairs according to the difference in energy. least to

greatest.

A)1,2,3B)3,2,1C)2,3,1D)1,3,2E)3, 1,2
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4 _ 15 Identical particles are trapped in one-dimensional wells with
infinite potential energy at the walls. The widths L of the traps and the
quantum numbers n of the particles are

1.L=2L0,n=2

2.L=2L0,n=4

3.L=3L0,n=3

4. L =41L0,n=2

Rank them according to the kinetic energies of the particles, least to
greatest.

A)1,2,3,4B)4,3,2,1C) 1 and 3 tied, then 2, 4 D) 4, 2, then 1 and 3 tied E) 1, 3, then 2 and
4 tied

Problem 16

Use the theory of special relativity to derive the following formula for
the momentum of a particle in terms of its kinetic energy (K), mass (m)
and speed of light c:

pe = \/A(B + aDE")

Enter A, B, D, E with 'm,c,K'. a,f are numbers. (06/\&)
BEERRI 16 @ =
Ans:=2

BERENRIRLT f=__
BEERZENGE 18 A=

BEZEM w19 B=____
Ans:=K
BEZEM w20 D=_____
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Ans:=m
ERZERGH 2L E=_
(pe)? = B~ (me®)’ = (KE + me?)” ~ (me?)’

Angi—c = (KE + mc® - mc?) (KE + mc® + mc®) = KE (KE + 2mc?).

Problem 17

Following previous problem, (a) derive a relativistically correct formula
that gives the de Broglie wavelength of a charged particle in terms of
the potential difference V through which it has been accelerated.

Ac
\/B(B + aDEP)

1=

In answering this problem, you can use 'qV, m, h, c' for A,B,D and E.
a, f are numbers. (06/\H)

>

ERZEN G 22 A=

Ans:=h

ERE G 23 B=___

Ans=qV
BRERER 24 =
Ans:=2

EEEEGES 25 D=_____
Ans:=m
BRI 26 E=_
Ans:=c

BRI 27 f=_____
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3-12: (a) The kinetic energy of a particle with charge of magnitude g accel-
erated through a potential difference V' will be gV, and the result of Problem 3-10
may be used to find

_ he
~ V(@V) (@V +2me?)

(b) In this case (taking g = €), the square root in the above expression reduces
to VeV 2mc?, a factor of ¢ in both numerator and denominator cancels, and
_ h
Ans=2 C V2eVm

Problem 18

T — R 1505y BEER DR R 144 A B VNI Bt > PVE R R Ry A R?
(0L/N#)

BEEMEIR:28A=____m

Ans=1.1E-34

Problem 19

R —(EE TR —EE T ERE2.08 » #EatE(a)EFEe, (b)FEE,
(c)ETHVRERE, (d)ETiyaEE (04/ViE)

EEERE:29 (a)____ kg.m/s
Ans:=3.31E-24

EFRZEMRG:30 (b)____ kg.m/s
Ans:=3.31E-24

HERERGER31 () eV
Ans:=37.8

BEEME:32 (d)_____ eV
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Ans:=6200

Problem 20

Find the de Broglie wavelength of (a) an electron whose speed is
1.0 x 108 m/s, and (b) an electron whose speed is 2.0 X 10® m/s. (02/]:

&)
EEZEMEY33 (@) A=___ pm
Ans:=6.86
HIEZENRSE34 (D) A=____ pm

3-2: (a) At this speed, v/c = 1/3, the relativistic expression for the momen-

tum must be used in Equation (3.2), and

2

v
hyfl-—= 6.626 x 10~34 J-s) 1/1 — (1/3)?
L 2 _ | ) —6.86 x 1072 m

~ymu mv_ (9.1095 x 1031 kg) (1.0 x 108 m/s)

or 6.9 x 1072 m = 6.9 pm to two significant figures.

(b) With v = 2.0 x 108 m/s, v/c = 2/3, the same calculation gives A =
2.71 x 10712 m = 2.7 pm to two s_f_gniﬁcant figures. Note that even though the
speed is double that of part (a), the wavelength has decreased by a factor of more

than 2, due to the dependence of the momentum on the relativistic factor +.
Ans:=2.71 "% v %

Problem 21

Find the kinetic energy of an electron whose de Broglie wavelength is
the same as that of a 200-keV x-ray in (a)non-relativistic and
(b)relativistic calculations. (02/)\{H)

Kz yEik 35 (a)non-relativistic KE= keV

Ans:=39.14

LrErekgdnaE: 36 (a)relativistic KE=_ keV
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3-8: Because the wavelengths are the same, the product pc is the same for
both the electron and the x-ray, and so the kinetic energy of the electron is

KE = E — mc® = 1/ (pc)? + (me?)? — mc?
= [\/(100)2 (12 -51 1] keV = 9.69 keV..

Ans:=37.74 (A nonrelativistic calculation gives 9.77 keV.)

Problem 22

A beam of neutrons that emerges from a nuclear
reactor contains neutrons with a variety of
energies. To obtain neutrons with an energy of
0.050 eV, the beam is passed through a crystal
whose atomic planes are 0.20 nm apart. At what
angles relative to the original beam will the
desired neutrons be diffracted? Calculate the
smallest and largest (Between 0 and 90 degrees.)
(02/Ni)

B ARYE:37 (a)smallest angle, 8 =

degree
Ans:=18.7
Sof i . —
K7t 455538 (b)largest angle, @ =___ degree
3-24: From Equation (2.13), the neutrons will be scattered at angles 6,,
where
0, = arcsin L]
" 2d)’
The neutrons are nonrelativistic, and so
h h he
=—= = and
P  V2mKE \/2 (mc?) KE
A 1.240 x 10~ eV-m o
2d ~ 2(0.20 x 10~ m)/2 (939.57 x 10° eV) (0.050eV)
The scattering angles are then arcsin(0.320) = 18.7°, arcsin(0.640) = 39.8° and
arcsin(0.960) = 73.6°. (For these results, more significant figures were kept in the
intermediate calculations.)
Ans:=73.6
Problem 23
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Obtain an expression for the energy levels (in MeV) of a neutron

confined to a one-dimensional box 1.00 x 107* m wide. What is the
neutron’s minimum energy? (The diameter of an atomic nucleus is of
this order of magnitude.) (01/\H)

B ETR:39 KEyin=_____ Mev

Ans:=20.5

Problem 24

A proton in a one-dimensional box has an energy of 400 keV in its first
excited state. How wide is the box? Use non-relativistic consideration.
(04/N&)

BEZe 4Ry 40 (a)Obtain the width by the exact formula for the energy.
The width of the box= m

Ans:=4.53E-14
wamreikaesE: 41 (b)the ground state energyE = eV
Ans:=1.0E5

EEZEM AR 42 (c)the momentum of the proton in the ground state,
= kg.m/s

Ans:=7.311E-21

wzretkanit 43 (d)Use uncertainty principle and make the
approximation that Ap ~ p to estimate the minmum width= m

Ans:=7.211E-15

Problem 25

A proton has a kinetic energy of 1.0 MeV. If its momentum is measured
with an uncertainty of 5.0%, what is the minimum uncertainty in its
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position? (01/\gH)

BERIEMEGRIR 44 Ax=_____

2 2

(1X10° eV)(L6X107 J/eV)=— b = p=2312x10" kg-m/s,

2
K=t
2im 2(1 67x1077 kg)

Ap=0.05p=1.160 % 1074 kg-m/s and AxAp= 21; Thus

6.63%107™ -5
i (1.16 x107 kg -m,"s)(4:r)

=456%x10™" m

Note that non-relativistic treatment has been used, which is justified because the kinetic
(16x107)x100%

FTETED =0.11% of the rest energy.
50x%

energy is only

Ans:=4.56E-14

Problem 26

A certain transverse wave is described by

t
= 2
y(x, 1) = (6.50mm) cos 27 ( S Ocm 0.036s)

Determine the wave's (a) amplitude; (b) wavelength; (c) frequency; (d)
speed of propagation; (e) direction of propagation. (05/\&)

BEZRGETR 45 (@) amplitude=__~ mm
Ans:=6.5

BEZENGRSE:46 (D) A=__cm

Ans:=28.0

EFERZEREYR47 (¢) f=___ Hz

Ans:=27.8

EERE G448 (d) v=_____m/s

Ans:=7.78

B EZEIRARSE:149 (e) 1=in +x direction, 2=in -x direction
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Ans:=1
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