28.3 (a) From Coulomb’s law,

8.99x10° N-m2/C?)(1.60x10™2 CY’
[Fl= "EI%L( (1_[}){1/0_13;)3 ) 230N

(b) The electrical potential energy is

(8.99x10° N-m?/C?)(-1.60x10™ C)(1.60x10™ C)
ro 1.0x10™ m

PE — keqlqi _

=—23x107" ] L EV_H =|-14 eV
1.60x107 J

28.7 (a) r, =n"a, yields ,=4(0.0529 nm)=|0.212 nm

(b) With the electrical force supplying the centripetal acceleration,

2 2 2 2
mu, ke .. _ fk,e dp = _ (mk.e
=———, giving v, = and p =m,v =
TH TH mf?.ﬂ TH

\/mekegz J(9.11x10-31 kg)(8.99x10° N-m*/C?)(1.6x107" c)2
Pa=

n, 0212x10° m

9.95x107" kg-m/s

=34
(C) Ln=f{2hJ >L2=2{6'63x;[} ]SJ= 2.11x107 J-s
7T 7T

2 (9.95x107% kg-m/s)
(d) KE, =1me’z?§ =P =( 381 /5) =544x107" J=|3.40 eV
2 2m, 2(9.11x107" kg)
_ 8.99x10° N-m?/C?)(1.60x107 C)’
(E) PEE — ke( E)E =_( / )( )

7, (0.212x10™ m)

=—1.09x107" J=|-6.80 eV

(f) E,=KE,+PE,=340eV —-6.80eV=-340eV




28.8 (a) With the electrical force supplying the centripetal acceleration,

mo: ke ..
=——, givin
7 ¥

H H

g’[?ﬂ:

where 7, =n’4, =1’ (0.052 9 nm)

Thus,

2.19%10°

ke [(899x10° N-m?/C?)(160x10™ C)
= m.7, -\ B

(9.11x10™ kg)(0.0529x10™ m)

ket (899x10° N-m?/C?)(1.60x10™ C)

27

2(0.0529x10” m)

=218x107"8 J=

13.6 eV

—e)e  (8.99x10° N-m?/C?)(1.60x10™ C)’

(¢) PE = kE(
g

=—4.35x107° J=

(0.052 9% 10 m)

—27.2eV

28,10 (b) From l=RH[ 12 _ 1
A Hy W

1 m;
or A= ——
Ry | 1y — 1

1

}

(36)(4)

A= 7 1
1.097 37 x10 m _36—4 |

he  (6.63x107 J-5)(3.00x10° m/s)

(a) E=—=

] with n,=6 and n, =2

=410x107 m =

A 410x107° m

¢ 3.00x10° m/s

(©) f=I' 410x10™° m

7.32x10"* Hz

410 nm

=4.85x107" J=|3.03 eV




28.13 The energy absorbed by the atom is

7 2

E,=E,—E =136 EV[ L1 ]
A ¥

(a) E, =13.6 ev[l— L )= 0.967 eV
’ 9 25

1 1
E. =13.6 eV — =[0.266 eV
b) L © (25 49) ©

28.14 (a) Theenergy absorbed is

AE=E,—FE =136 EV[ L ]=13.6 EV(%—1)= 12.1 eV

2 2
n; A 9

28.20 (a) Startingfrom the # =4 state, there are 6 possible transitions as the electron returns
to the ground (ﬂ =1) state. These transitions are: i=4—n=1 n=4—->n=2,
=4 —>n=3, n=3—->n=1, n=3->n=2, and n=2—=>n=1.Since thereisa
different change in energy associated with each of these transitions there will be

6 different wavelengths | observed in the emission spectrum of these atoms.

(b) The longest observed wavelength is produced by the transition mvolving the
smallest change in energy. This is the # =4 — 11=3 transition, and the wavelength
is

L he  (6.626x107J-5)(2.998x 10" m/s)[ 1 eV J[ 1 nm )
“ E,—E, 136 ev( 12 - 12) 1.602x10™ J A 10”7 m
42 3

or A =|1.88x10° nm

Since this transition terminates on the 71 =3 level, this is part of the

Paschen series

28.25 For minimum initial kinetic energy, KE, ., =0 atter collision. Hence, the two atoms must

have equal and opposite momenta betore impact. The atoms then have the same initial
kinetic energy, and that energy is converted into excitation energy of the atom during
the collision. Therefore,

1

KE, =—m, v°=E —E =102eV
2

giom giom



27.34

27.35

27.40

=[4.42x10° m/s

2(102eV)  [2(102eV)(1.60x107* J/eV)
or = —
m, \ 1.67x1077 kg

The de Broglie wavelength of a particle of mass m is 4 =h/p where the momentum is

given by p=pymo=mvf\[1-(v/c)’ . Note that when the particle is not relativistic, then

¥ =1, and this relativistic expression for momentum reverts back to the classical
expression.

(a) Fora proton moving at speed v=2.00x10* m/s, v<<cand y =1 so

R 6.63x107* J-s
S mo (1.67x107 kg)(2.00x10° my/s)

=[1.98x107" m

(b) For a proton moving at speed v=2.00x10" m/s

h h :
PR (UL
) (6.63x107 J-s) | _[2:00x10° /s B ey
(1.67x10 kg)(2.00x10” m/s)Y | 3.00x10° my/s

(a) From A=hfp=h/muv, the speed is

2 6.63x10™ J-s

T A (911x107 kg)(5.00x107 m)

=1.46x10" mfs=|1.46 km/s

-34
b) A= o 0.63x10" J-s =[7.28x10™ m

mo  (9.11x107 kg)(1.00x107 m/s)

From Chapter 24, the minima (or dark fringes) in a single slit diffraction pattern occur
where sin@=mAfa for m=11,+2, +3,... Here, 4 is the wavelength of the wave passing

through the slit of width a. When the fringes are observed on a screen at distance L from
the slit, the distance from the central maximum to the minima of order m is given by

y =Ltanf =Lsinf = ml(L/u) . The spacing between successive minima is then

I
Ay=y, .-VY,= ;a,[_)

id



Hence, if Ay=2.10 cmwhen L=20.0 cm and a=0.500 nm , the de Broglie wavelength of
the electrons passing through the slit must be

500x107
3:@[%):(2.1%10* m)[ig%o; D[L ;1)=5.25x10'“ m

The momentum of one of these electrons is then

_h_ 6.63x107 J-s
A 525x10™" m

p =1263x107 kg-m/s

and, assuming the electron is non-relativistic, its kinetic energy is

2 (1.263x10°° kg-m/s)
kel 5m/5) eV )= 547 eV
2m,  2(9.11x10™ kg) (1.60x107 ]

Note that it the particle had been relativistic, its kinetic energy would have been
computed from KE=E-E, = J p’c’ +E2 —E,

27.41 (a) Therequired electron momentum is

keV.s
m

p

h 6.63x107* J-s 1 keV
A 1.0x10" m

B 1.60x107% JJ=4'1X1U_?

and the total energy is

E=\p’c’ +E;

2
= ‘j(4.1x10-? kEV'S) (3.00x10° m/s) +(511 keV)® =526 keV

m

The kinetic energy is then,

KE=E—-E, =526 keV—-511 keV =(15 keV

1.2x10° keV

(6.63x107 J-5)(3.00x10° m/s)( 1keV
- 1.0x10™" m 1.60x10%° T )




28.33

28.34

28.36

28.37

In the 3p subshell, 1=3 and £=1. The 6 possible quantum states are

=23 £=1 mf=+1 m5=i%
f1=23 ¢=1 m, =0 m, =+1
=23 =1 m, =—1 m, =t

(a) For a given value of the principle quantum number #, the orbital quantum number

£ varies from 0 to #1—1 in integer steps. Thus, if n=4, there are |4 | possible
valuesof £: £=0,1,2, and 3

(b) For each possible value of the orbital quantum number £, the orbital magnetic
quantum number m, ranges from —f to+£ in integer steps. When the principle
quantum number 1s #=4 and the largest allowed value of the orbital quantum

number is £=3, there are | 7 | distinct possible values for m, . These values are:

m,=—3,—-2,—-1,0,+1,+2, and +3

(@) The electronic configuration for oxygen (Z =8) is | 1s* 2s* 2p*

(b) The quantum numbers tor the 8 electrons can be:

1s states H=1 £=0 m, =0 m, =t
23 states H=2 £=0 m, =0 m, =t

m, =0 m, =11
2p states =2 £=1 m,=1 m, =t

(a) Tor Electron #1 and also for Electron #2, #=3 and ¢=1. The other quantum
numbers tor each of the 30 allowed states are listed in the tables below.

lectron #1

lectron #2

lectron #1

lectron #2




lectron #1

lectron #2

There are | 30 allowed states |, since Electron #1 can have any ot three possible

values ot m, tor both spin up and spin down, totaling six possible states. For each
of these states, Electron #2 can be in either of the remaming five states.

(b) Were it not tor the exclusion principle, there would be | 36 | possible states, six

tfor each electron independently.

28.38 (a) For n=1, {=0 and there are 2(2f+1) states =2(1)=(2| sets of quantum numbers

(b) For n=2, £=0 tor 2(2¢+1) states =2(0+1)=2 sets
and £=1 for 2(2¢+1) states =2(2+1)=6 sets
total number of sets = | §

(¢) For n=3, £=0 tor 2(2£+1) states =2(0+1)=2 sets

and ¢=1 for 2(2£+1) states =2(2+1)=06 sets
and {=2 tor 2(2¢+1) states =2(4+1)=10 sets
total number of sets = | 18
(d) For n=4, £=0 tor 2(2¢+1) states =2(0+1)=2 sets
and ¢=1 for 2(2¢+1) states =2(2+1)=6 sets
and £=2 tor 2(2¢+1) states =2(4+1)=10 sets
and ¢=3 for 2(2¢+1) states =2(6+1)=14 sets
total number of sets = | 32
(@) For n=5, £=0 for 2(20+1) states =2(0+1)=2 sets
and ¢=1 for 2(2£+1) states =2(2+1)=6 sets
and {=2 tor 2(2¢+1) states =2(4+1)=10 sets
and f=3 tor 2(2¢+1) states =2(6+1)=14 sets
and ¢=4 for 2(2¢+1) states =2(8+1)=18 sets
total number of sets = | 50
For n=1: 20’ =2 For n=2: 21" =8
For n=3: 2n"° =18 For n=4: 21" =32

For #1=5: 2n* =50



