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Quantum Physics ( &= #21) _FP’[‘ )
Robert Eisberg ( Second edition )
CH 04 : Bohr’s model of the atom

4-01 ~ Show, for a Thomson atom, that an electron moving in a stable circular orbit
rotates with the same frequency at which it would oscillate in an oscillation
through the center along a diameter.
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4-02 ~ What radius must the Thomson model of a one-electron a&ﬁ }Ve if it is to

radiate a spectral line of wavelength A = 6000 A? ent on your results.
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4-03 ~ Assume that density of jvg charge in any Thomson atom is the same as for

Ve
the hydrogen atom._Find f# adius R of a Thomason atom of atomic number Z in
terms of the radiud\, f the hydrogen atom.
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4-04= \'aYAn a particle of initial velocity V collides with a free electron at rest. Show that,
9 . . .

Z a_‘ -assuming the mass of the a particle to be about 7400 electronic masses, the
" maximum deflection of the « particle is about 10~*rad . (b) Show that the

maximum deflection of an o particle that interacts with the positive charge of a

Ludts
T

Thomson atom of radius 1.0 A is also about 10~‘rad . Hence, argue that

#<107*rad for the scattering of an a particle by a Thomson atom.

<EJZL£> :
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4-05 ~ Derive (4-5) relating the distance of closest approach and the impact parameter to

the scattering angle.

(LT 4-5 70 o Tk T SHEE - i S =i ) L%JEIUEEJ[’%T: ° )
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4-06~ A 5.30MeV a particle is scattered through 60° in passing through a thn@gldéy
Calculate (a) the distance of closest approach, D, for a head-on colhs’h@ (b)

the impact parameter, b, corresponding to the 60° scattering.

<> : (a)4.29%10™m \'\ﬁ\
(b) 3.72x10™m %\NA

4-07 ~ What is the distance of closest approach %] MeV a particle to a copper

nucleus in a head-on collision?

(PR 5.30MeV iU o BTRIE, IR S TAVREET (2 )

v
<> 1 1.58x107*m @ %
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4-08 ~ Show that the ﬂ\l of a particles scattered by an angle ® or greater in

Rutherford!% il t(ZZ 2) otz(g).
<EJZL£> : )f’
Ve
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09, The fraction of 6.0MeV protons scattered by a thin gold foil, of density

)/
a4

T\ 19.3g/cm?, from the incident beam into a region where scattering angles exceed
60° is equalto 2.0x107°, Calculate the thickness of the gold foil, using results

of the previous problem.
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4-10 ~ A beam of a-particles, of kinetic energy 5.30MeV and intensity 10* particle/sec,
is incident normally on a gold foil of density 19.3g/cm’, atomic weight 197, and
thickness 1.0x107°cm. An a particles counter of area 1.0cm® is placed at a
distance 10 cm from the foil. If ® is the angle between the incident beam and a
line from the center of the foil to the center of the counter, use the Rutherford
scattering differential cross section, (4-9), to find the number of counts per hour

for ®=10° and for ® =45". The atomic number of gold is 79.

<if#> : By equation 4-8, 4-9 /@
iN=(— 2 L 4o E @
4re,” 2MV’ . 40 @,

sin® —
2 &y/}/
The solid angle of the detector is dQ = d_2A = 1'02 = 10‘\&%@
r-  (10) N

Also, n=(#nuclei per cm?)(thickness) /

19.3 P
= ona66ix107 10 )= 5898)(1021‘@2/
-</;.

Hence, by direct numerical substltutllw 6 7920%107

L o

sin® —
2

o

The number of counts p@’ur i% =(3600)dN = 0.2445 ! 0
- 4

sin” —

A/y'/ 2

This givens : @}%@& 4237
« AN #1144
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> HRIG 5 Appendix S > S-1 £ 4240, 11.4 -
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4-11= Me previous problem, a copper foil of density 8.9g/cm’, atomic weight 63.6
</,
{é and thickness 1.0x107°cm is used instead of gold. When ©®=10" we get 820

\ counts per hour. Find the atomic number of copper.

<EJZL£> :

4-12 ~ Prove that Planck’s constant has dimensions of angular momentum.
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<EJZL£> :

4-13 ~ The angular momentum of the electron in a hydrogen-like atom is 7.382x107**

joule-sec. What is the quantum number of the level occupied by the electron?

<if> Lons.n %’{,ﬁ)‘,

2r A\
4\)
7.382x10 = % (6.626x10™) 7
n=7...... Hit @y,}/
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v l\r
4-14 ~ Compare the gravitational attraction of an electrov%roton in the ground state

of a hydrogen atom to the Coulomb attracW wc' justified in ignoring the

gravitational force?
<ife> 1 I =44%x107", yes Lé§
I:coul @”{

4-15 ~ Show that the frequengy d?r olution of the electron in the Bohr model hydrogen

where E is the total energy of the electron.

\¢
atom is given by Y)F\ -

&
<EJZL£> : %;
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4-16* Ry that for all Bohr orbits the ratio of the magnetic dipole moment of the

¥/, . o .
{éa_ o clectronic orbit to its orbital angular momentum has the same value.

<EJZL£> :

4-17 ~ (a) Show that in the ground state of the hydrogen atom the speed of the electron
can be written as V=aC where a is the fine-structure constant. (b) From the
value of a what can you conclude about the neglect of relativistic effects in the

B4E/ Q120 ®) Tk B

Tunghai University




=23 4192388 CHO4

Bohr calculation?

<EJZL£> :

4-18 ~ Calculate the speed of the proton in a ground state hydrogen atom.

<> : The periode of revolution of electron and proton are equal : Q

\" \Y

2rr r
2l _ 27 v, =V /“\@
& I
e p e

The motion is about the center of mass of the electron-proton syﬁﬁy,’ 0 that

r m N/
_ p_
mro=mr, = ~=—% \')‘\

o K
3x10°

v, —(—)v _( )( = %«/lo%/s ......

4-19 ~ What is the energy, momentupi; L.‘_ Wa!/elength of a photon that is emitted by a
hydrogen atom making a djrec 1t10n from an excited state with n=10 to
the ground state? Find t il,speed of the hydrogen atom in this process.

<if> 1 13.46eV, 13.46% 24, 4.30m/sec

) 4 + 7
4-20 ~ (a) Usi Bdé% formula, calculate the three longest wavelengths in the Balmer

serie etween what wavelength limits does the Balmer series lie?

<K i? \\A
M \
P g
R
o
4-21 ~ Calculate the shortest wavelength of the Lyman series lines in hydrogen. Of the
Paschen series. Of the Pfund series. In what region of the electromagnetic

spectrum does each lie?

<EJZL£> :
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4-22 ~ (a) Using Balmer’s generalized formula, show that a hydrogen series identified by

the integer m of the lowest level occupies a frequency interval range given by

Av = R, 5
(m+1)

Pfund series?

. (b) What is the ratio of the range of the Lyman series to that of the

i =C {L - 1 } Q
Aot (m+1)? 2\
1 o8

Frequency of the series limit: v, = /Ii =cR, {F -0} L @

5/}/:'

<if#> : (a) Frequency of the first line : v, =

cR
Therefore, Av=v,—v, H

T (m+1y’ \ﬁ\&y
\/
R, YN
AV, (1417 %
(b) M, oR, =9..... #4

(5+1)° ‘%/
I 7

[
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4-23 ~ In the ground state of the hyd%om‘, according to Bohr,s model, what are (a)

the quantum number, (b) the adius, (c) the angular momentum, (d) the

linear momentum, (e) t (\}lar velocity, (f) the linear speed, (g) the force on
7%

the electron, (h) the accelgration of the electron, (i) the kinetic energy, (j) the
potential energy, %the total energy? How do the quantities (b) and (k) vary
e

with the qu r?
YK
<EJZL£> :
v/Ars i

N

42416 much energy is required to remove an electron from a hydrogen atom in a
‘;’{X .
/% e oState with n=87
\

<EJZL£> :

4-25 ~ A photon ionizes a hydrogen atom from the ground state. The liberated electron
recombines with a proton into the first excited state, emitting a 466A photon.
What are (a) the energy of the free electron and (b) the energy of the original

6& / 12 ,
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4-26 ~

> ! ?%'Y[EPiﬁ Appendix S > S-1 £3(a)23.2eV (b)36.8eV

=23 4192388 CHO4
photon?

(a) Emzzhgzl%@9:266mv
2T, 466

K =26.61-10.2=16.41eV

(b) E,,=13.6+16.41=30.01eV ...... H

/\Q\
870

A hydrogen atom is excited from a state with n=1 to o é&yg’n 4. (a)
Calculate the energy that must be absorbed by the atom. (Q’ u

on energy-level diagram the different photon energi th¥ ¥ y be emitted if the
1£ fi

ate and display
atom returns to n=1 state. (c) Calculate the rec ed of the hydrogen atom,

assumed initially at rest, if it makes the %’) iti m N=4 to n=1 in a

single quantum jump. “\':/2?{
/0
<EJZL£> : ’ %
)
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4-27 ~

remove an electro makes a transition to a state with an excitation

A hydrogen atom in a st ving a binding energy (this is the energy required to
eyﬁ%“

energy (this is th ce in energy between the state and the ground state) of

10.2eV. (a)a% dMergy of the emitted photon. (b) Show this transition on an

Y
energy-lev ram for hydrogen, labeling the appropriate quantum numbers.

<EJZL£> :
Yo
/.. \.
g 28, Show on an energy-level diagram for hydrogen the quantum numbers
T\ corresponding to a transition in which the wavelength of the emitted photon

is1216A.

<EJZL£> :
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4-29 ~ (a) Show that when the recoil kinetic energy of the atom, ﬁ, is taken into

account the frequency of a photon emitted in a transition between two atomic

levels of energy difference AE is reduced by a factor which is approximately

(- AE2
2Mc

wavelength of the light emitted from a hydrogen atom in the 3 —1 transiti

when the recoil is taken into account to the wavelength without accountin%

recoil. /‘j\ \
/

N
<EJZL£> : @( @
e 24
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4-30 ~ What is the wavelength of the most energetic photon th?‘ﬁ %e emitted from a

muonic atom with Z =17

<if> 1 4.90A @,
] !/‘/:Z‘¢ 4

DY
4-31 ~ A hydrogen atom in the groun%@m absbrbs a 20.0eV photon. What is the speed

29

). (Hint : The recoil momentum is p:m .) (b) Compare the
c

of the liberated electron? g

A
<> 1 1.50x10°m/sec 'Y,/

¥

>
4-32 ~ Apply Bo iz odel to singly ionized helium, that is, to a helium atom with one

elect remOved. What relationships exist between this spectrum and the
hydr%ctrum?

Yo¢
<FJ§)§’/V“"

4-33 ~ Using Bohr’s model, calculate the energy required to remove the electron from

singly ionized helium.
<EJZL£> :
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4-34 ~ An electron traveling at 1.2x10’m/sec combines with an alpha particle to from
a singly ionized helium atom. If the electron combined directly into the ground

level, find the wavelength of the single photon emitted.

L
J1-5

12x107 )
Hiip= = 0,04
,%

<ife> 1 Y ORI T K = (0.511IMeV )

c  2.988x10°
K = 409.3eV ’q\@

For helium, the second ionization potential from the ground stat@’
_13.6Z2° 13.6x2° '}/

Eon == = sddeV &S’
\.\ﬁ\
E \Nl\
= 54444093 = 463.7eV %
0
2=12900 o @
463.7 @/

7R
AN
4-35 ~ A 3.00eV electron is captured@?re Rucleus of helium. If a 2400A photon is

emitted, into what level wagthe on captured?

<EJZL£> n=5 Afy'/

W

4-36 ~ In a Fra%tz type of experiment atomic hydrogen is bombarded with
electi@gng, and excitation potentials are found at 10.21V and 12.10V. (a) Explain
the oWsgrvation that three different lines of spectral emission accompany these

- tations. (Hint : Draw an energy-level diagram.) (b) Now assume that the

. - {ﬁ@y differences can be expressed as hv and find the three allowed values of

Z a_‘ V- (c) Assume that v is the frequency of the emitted radiation and determine the

" wavelengths of the observed spectral lines.

AR
T

<EJZL£> :

4-37 ~ Assume, in the Franck-Hertz experiment, that the electromagnetic energy emitted

by an Hg atom, in giving up the energy absorbed from 4.9¢V electrons, equals

@) Tk %
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hv, where v is the frequency corresponding to the 2536A mercury resonance
line. Calculate the value of h according to the Franck-Hertz experiment and

compare with Planck’s value.

<EJZL£> :

4-38 ~ Radiation from a helium ion He" is nearly equal in wavelength to the&

(the first line of the Balmer series). (a) Between what states (values 0@ the
transition in the helium ion occur? (b) Is the wavelength greater 0 alle an of
the H_, line? (c) Compute the wavelength difference.

M\

s iy o
Helium, Z=2 : A, =4R, { }

é%):) (

If A, =4, = 2_—
H @”

(b) Now take into accouﬁytbé/reduced mass 4 :

2 4
( 1 \ , RH — 1 2ﬂHe(2) € =/LlHe (4RH)

F, /§3C 4rg, drz’c My
) 4 + /
m, m,(4m ) m,
— :me(l__) > Mpe = ° :me(l_ )
+m, m, m, +(4m,) 4m,
“//" T e > My

Sidg e
¢(‘/3_ 1 11 11
.- =Ryl=-=1>4R{5—-—=}

Z%a’_'r /1He n f r]i n f r]i
T\ Compare to the hydrogen H_ line, the helium 6—4 line wavelength is a
little shorter.
". smaller

(c) Since A oc u”' (the factor Z* is combined with Lz—iz to give equal

f i

values for H and He)

2108 / 3123 "‘F;@k%%.i
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Ay = A _ Hie — My —1_Hn
Ay He Hie
m
Ay My 3me 305T a0
Ay -~ M. 4m, 49383
4m

4-39 ~ In stars the Pickering series is found in the He"

electron in He™ jumps from higher levels into the level wit
the exact formula for the wavelength of lines belonging Q!
region of the spectrum is the series? (c) Find the

Find the ionization potential, if He"

0
<> : (a) i(A) 3647n°
(b) Vlslble, infrared
(c) 3647A
(d) 54.4eV

,n=5,6,7,...

4-40 ~ Assuming that af\a
for spectro 1
p '§,-

hydrogen,

wave
Y.
<F xi? (Yﬁ A
s/
B

ol
N

is in the gro

spectrum. It is ed when the

IAY’}/ (a) Show

eries. (b) In what

wavelen the series limit. (d)
u@é‘te, in electron volts.

t of hydrogen of mass number three (tritium) sufficient
Amination can be put into a tube containing ordinary
ine the separation from the normal hydrogen line of the first line
of th:B)glme series that should be observed. Express the result as a difference in

/
4-41 -~ A gas discharge tube contains H', H?*, He’, He*, Li®,and Li’ ions and atoms (the

superscript is the atomic mass),with the last four ionized so as to have only one

electron. (a) As the potential across the tube is raised from zero, which spectral

line should appear first? (b) Given, in order of increasing frequency, the origin of

the lines corresponding to the first line of the Lyman series of H'.

B11E /5128
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4-42 ~ Consider a body rotating freely about a fixed axis. Apply the Wilson-Sommerfield
quantization rules, and show that the possible values of the total energy are

2.2
predicted to be E = ﬁzn

moment of inertia, about the axis of rotation. /\Q/

<if#> : The momentum associated with the angle @ is L=l®. The total &@E

2
E=K= % low* = |2__I L is independent of & for a freely rotati jget. Hence,

by the Willson-Sommerfeld rule, \'W
YN

pLdo=nh %

Lpd6=L(@27)=+2IEQ27)=nh @/
\/ﬁznﬁ ’ @/
PR LZS‘

v %%2

4-43 ~ Assume the angu% tum of the earth of mass 6.0x10°*kg due to its

n=0,1,2,3...,where | is its rotational inertia, or

motion around th ayradius 1.5x10''m to be quantized according to Bohr’s

relation Ly What is the value of the quantum number n? Could such
quan% e detected?
<EJZLL> I
- \‘/.\O
4(“‘
A
Qéw;of
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