F=F FETHETS: BURER

3.1.The work function for cesium is 1.9eV.

(a) Determine the threshold frequency and threshold wavelength of the
photoelectric effect of cesium.

(b) If one wants to obtain a photoelectron with energy of 1.5eV,what
wavelength of light is required?
Harf) @ TN 1.9ev, RK:
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Solution:(a)A photoelectric current flows only when the frequency of the
incident light exceeds a certain threshold frequency for the mental
cesium.When the frequency of the incident light v equals the threshold
frequency of cesium v, ,that is, v=uv, ,the stopping potential ¥/, =0 ,no
electron can escape from the mental surface,which means the kinetic
energy of the electron £, =0.

According to the equation: E, =hv—¢

When E, =0,we can obtain the threshold frequency of cesium:

8
[ UO:%Z@:L%anoxlo IS e ]

hc 1.24nm -keV

The threshold wavelength of cesium:

3
%zizﬁzh_cz 1.24x10°nm eV= 6.5¢ 10" m
U, hUO ¢ 1.9¢eV

(b)If the energy of a photoelectron is 1.5eV,the wavelength of light is:

3
}L:E:h_c: he =1.24><10 nm-eV=364‘7nm
v hv E +¢ (1.5+1.9)eV

3.3 What minimum kinetic energy must an electron have in order to
allow an inelastic collision between the electron and a lithium ion Li*
in its ground state to take place?
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Solution:An inelastic collision is one in which the incoming electron
collides with a lithium ion and excites a lithium ion in its ground state to
a higher energy state.In order to calculate the minimum kinetic energy of
an electron,we need to calculate the energy when a lithium ion jumps
from ground state »'=1 (with energy E, ) to the first excited

staten =2 (with energy E, ):

( En :_RLiz;hc_ZZ \

=3’x109728.8cm™ x1.24x10° nm- eV x %

=3’ ><13.6><§eV: 91.8eV

. X J

Or

AE, =By~ B ==_m, (ac) 2 (21—2—1j

2
= —lmeczoﬂZ2 (—éj = —lx O.511MeV><(Lj x 3 x(—ij
2 4 2 137 4

\ z—13.6x32x(—%JeV=91.86V )

3.5 (a)In the case of thermal equilibrium,the distribution of the atoms in

different energy states is given by the Boltzmann distribution,namely,the

number of atoms in an excited state with energy of E s

N, =N, &, e—(E,,—El)/kT’
&

Where N, isthe number of atoms in the state with energy E,, kis the
Boltzmann constant,and g, and g, are the statistical weights (determined
by how many different ways one can put the electrons in each of the two

states with energies £, and E, )of the corresponding states.For hydrogen
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atoms at a pressure of 1atm and a temperature of 20°C, how large must
the container be to let one atom be in the first excited state?Take the
statistical weights of the hydrogen atoms in the ground state and in the
first excited state to be g, =2and g, =8,respectively.Remember from
thermodynamics PV = yRT where y =number of atoms
present/Avogadro’ s number=N/N,.

JR AR 25 A N b T AR R BRI 8L H 242 R 26 2 o0 A 1), BIAL T-Re &
N E, WU B JE T HON -

N =N, 8 (BB
&

b N EREE N ECREHR T8,k NBUREE R, g, Mg NHMNEEEIRTS

MG, Wi T SHEL - DRUE. 20CIRERFA T, BasndZ

KA B — MR TR —HEES? CREE AT RESMNE —BAS ST

BENHIH g =2,g, =8

(b)Let electrons collide with hydrogen gas at room temperature.ln order

b

to observe the H, line,what is the minimum kinetic energy of the
electrons?

5 =R AR R, ZUWEREH 2, BrRshaifeNER?
Solution:(a) In order to let one atom be in the first excited state(n=2),
thatis, N, =N, =1,according to the expression:

Nn — ]\]1 g}’l e_(En_El)/kT’
8

We can obtain the number of atoms in the ground state:

N. =N e(EZ_El)/kT g1
1 2
&>

Where,the energy for an electron of a hydrogen atom jumps from

ground state to the first excited state is:

AE, =E,—E, =E, (21—2— 1}: —%x (—13.6)eV =10.2¢V
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According to the equation:

pv =N pr - NaT

A

Hence,we obtain the volume of the container :

N NzeAElz/kT&

V= kT = —— =2 &2k
Substituting the following data:

N, =1

k=138x10%J/K

T =293K

& _1

g 4

AE, =10.2eV =1.634x107"J
P=1.01x10"Pa

The volume of the container is:

V=2.6x10"m’

(b)In order to observe the H_line,that is,the electron transits from n=3
to n=2,the energy to move an electron in the ground state of hydrogen

to state n=3:

Rh E 1 1
_ e =—or,E =——m, (ozc)2 =

E = —=
n n 2 n

AE,=E,—E =F (3%— 1): —13.6eV x (- g): 12.09V

:N |_D'j

So the minimum kinetic energy of the electrons should equal 12.09eV.

3.6 In the range of wavelengths from 950 Ato 125021,what spectral lines
are included in the absorption spectrum of a hydrogen atom?
FEDE KM 950 4 51250 A A5 FEI Y, U TR P4 2 D e 2
Solution:The energy to move an electron in the ground state of hydrogen

atom n'=1(with energy E  )to a higher staten (with energy E, ):
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AE, =E, —E, =E, (iz— 1): 13.6(1— szeV
n

n

According to the equation,the wavelength of a transition of energy E:

Where, E=hv=E, -E,( an electron of hydrogen atom jumps from a
higher state to the ground state,an electromagnetic wave of
energy hv would be emitted )

There is a correspondence between A and E .For a given minimum

A ,there corresponds a definite maximum E ,that is,when 1 =950:4,we can
get the maximum excitation energy:

_hc 1.24nm-keV
a0 950%0.1nm

min

=13.052eV

Then,we can get the quantum number n:

E_ = 13.6(1—%) —>n=498
n

Which means the electron can jump from n=4,n=3,n=2 to
n=1 ,respectively.

@®The wavelength for an electron jumps from n=4 to n=1,:

2, = hc _ hc _ hc _ 1.24nm -keV 97 95mm= 972'5;1

AE,  Ey-E Eluz—lJ 13.6(1—412JeV

@The wavelength for an electron jumps from n=3 to n=1:

g, =t L24mmkeV 05 s7m=1025.7 4

AE,, 13.6[1—32}1/

®The wavelength for an electron jumps from n=2 to n=1:

A, = he _ 124nm-keV o) g 12157 4

AE, 13.6(1—212JeV
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3.8 The photon emitted by a transition in ionized helium He* from its first
excited state to its ground state can ionize a hydrogen atom in its ground
state and make it emit an electron.Determine the velocity of the
electron.

— IR B T Het WA — UK 1n) B AR I s it 1D 7, Refsidl T35
AR HE, MBS BT, wleRiZ i 7 e

Solution:The energy for the photon emitted by a transition in ionized

helium He* from its first excited state to its ground state:

[ h =E, —E, =E122(21—2—1j=—13.6>< 2 [— %jeV — 40.8¢V ]

The energy to move an electron in the ground state of hydrogen to

infinity is the ionization energy of hydrogen,which equals :

2
E, =Lm(ac) =1x0511x10°x | 2| =13.6e
2 2 137

Hence,the kinetic energy of the electron is:

E =hv-E, =(40.8-13.6)x1.602x107"°J = 4.357x10™"*J

The velocity of the electron:

-18
. 2E, _ 2><4.357><1_§)l J=3,09x106m /s
m, 9.109x10" kg

3.10. A" is an elementary particle just like the electron except its mass

is 207 times as heavy as that of an electron.When the velocity of a x"is
reasonably low,it will be captured by a proton and form a x~atom.
Calculate:(a)The first Bohr radius of a .~ atom.(b)The lowest energy of

a u~ atom.(c)The shortest wavelength of the Lyman series of a .~ atom.

po TR AR, BRE LSRR TR R 207 546, RIS T
—F, HEEIEEREN, $R ARSI g TR T W () p TR T
FBURIE RS (b) p TR TRRIGEER: (o) u TR TRBL R T RERK.
Solution:(a)According to the fig.Rotations of the " and the nucleus in a

hydrogen atom,we can get the following three equations:

i
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- 2
n dre,r
2 2
m,v,” e 2)
 d7e 1’
7, ol

mv,1; + myv,r, =nh,n=1,2,3...(3)

Where,the reduced mass:

(ETEREHARLEH R, v THREEIN, BAREEASS, BAMEE
g, BT%SE p THARS, BTREEAFTHRENE)

[my _ mm, _207m,x1837m, :186’"6]

m +m, (207+1837)m,

Orbit radius r,r,:

m rm
h=r——=—=—"(4)
m+m, m,

m rm
n=r——I—=—%(5)

ml+m2 m,
PIRLT SR B A 23, R, AEBEAE I, PORLT SR B A O S A

(PIRLT [ KBS AR, mmLIIAR

mar’r

m
F=——— Smr=myr, >mr=m (r—r)—)r:r- 2
T2 11 202 171 2 1 1

m1+m2



Substituting eqn(4),(5) into (1),(2),(3):

myv? e m’v® (6)
d - Are,r’ - rm, ’
myv,” et om)v,)” 7
r, _472'807‘2 - rm, ’

rm, (v1 +v2)= nh,(8)

eqn(®) v ™M (g
eqn(7) v, m, ’

Substituting eqn(9)into(8):

m,v, (&+1Jr =nh — m,v,r =nh,(10)

H m]

Substituting eqn(10)into(7),we obtain the first Bohr radius of a x atom :

2 242 2 2 2 °
podmeyt At n LG 083 —0.00284 4
& r'm, 186 me 186 ' 186

REERERETHELREARX, ERTHREESRBNERE

2 2 °
p o= AN e Al L L 6.053mm = 0002844
m,e 186m e 186 186

(b).Energy can be expressed as the sum of kinetic energy and potential

energy
E=E +E,,
2 2 2
Ekzlmlvlz""lmzvzz:l_' 37’12_'_1__ er22=1_ - )
2 2 2 4reyrs 2 4megr” 2 4meyr
E -9
P Amer
2
SE-——1._ % ay
2 4reyr
Substituting r into eqn(11),
2 2 4
E:—l e’ 186me” 186m e (12)

2 4ns, dmen’ht (47g,)" -2n*n*



The energy of the electrons in hydrogen:

4
e

m
E,(H)=~ > ,(13)
(47g,) - 2n%n’

Hence the lowest energy of a x~atom:

| E=186E, (H)=186x(-13.6)eF =-2530¢/ |
BEEEHETFREREA, B FHREEHRETEHE:
4

4 4 N
E = mge _ 1862mee _ 186E, (H)
(47e,) -2’0’ (47e, ) -2n°n’
X — E, =186E, (H)=186x(~13.6 )eV =-2530eV )
o,
[ 1 1 1 2 1 h
2

E =——m (ac) — =——=x186m,(ac) — =186E (H

n 2 ,U( ) n2 2 e( ) n2 n( )
| E =186E,(H)=186x(-13.6)el =-2530eV’ )

(C)According to the equation:

ﬂzkzﬁnm-keV
E FE

For a given maximum excitation energy,there correspond a minimum

wavelength:

Ain = 1.24 nm-keV:inmkeV: 0.49%m
E —E 0— (—2530eV)

3.11.The ratio of the Rydberg constant of hydrogen to that of heavy
hydrogen is 0.999728 and the ratio of their nuclear masses

ism,, /m, =0.50020. Calculate the ratio of the mass of a proton to the mass
of an electron.

ORI ZUR B AU A R B2 Lo 0..999728, T BTN R 2 ol

my, [m,, =0.50020 , HE T E S E T REZ .

Solution:The Rydberg constant corresponding to the nucleus with mass

A should be written as:



R, =R p”
1+

e

m,
Hence,we can write the Rydberg constant of hydrogen and heavy

hydrogen,respectively.
1

R, =R ,
1+ e
my
R, =R L
14 M
mD
1+ % Be Py M Py 50020 2
Ry o Mo My My My My M~ 0.999728
Ry ™ 14 e 14 e I+
mH mH mH mH
[ U =0.5445><103]
mH
We obtain the ratio of the mass of a proton to the mass of an electron:
m—H:%: 1836.5
m, 0.5445x10
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