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4-11 7" R(—z——z) . For the Balmer series, n; =2; n;=3, 4, 5, ... . The first three lines
ng Ny
. . . 1 1 1 _
in the series have wavelengths given by e R P where R=1.097 37x10" m™" .
n
1 1 1 5 36
Istline: —==R—-=|=|—|R A =—=656.112
st 3 (4 9) (36) 5R nm
1 1 1 3 16
2nd line: —=R—-—| =|—|R A =7==486.009
nesmne g (4 16) (16) 3R m
1 1 1 21 100
3rdline: = =R —-—| =|—|R A =——==433.937
rame g (4 25) (100) 1R m
1 1-1 7 -1
4-12 7" R|——| where n=2,3,4, ... and R=1.097 3732x10" m™ ;
n
1 -1
Forn=2:1 =R (1 - 2—2) =1.21502x107 m =121.502 nm (UV)
1 -1
Forn=3:A =R (1 - 3—2) =1.02517 x107 m =102.517 nm (UV)
1 -1
Forn=4:A =R (1 - 4—) =1.972018 x10™” m =97.201 8 nm (UV)
n’r
4-14 (a) r, =——; where n=1, 2,3, ...
m,ke
2
) (1.055 107 Js) )
T, =1 > = (0.052 9 nm)n
(911x107" kg)(9.0x19° Nm?/C?)(1.6 x 107 C)
Forn =1:r, =0.052 9 nm
Forn=2:r, =02121nm
Forn =3:r, =0477 2 nm
112
k 2
(b) From Equation 4.26, v =( ¢ )
m,r
5 1/2
(8.99 x10° Nm?/C?)(1.60x 107" C)
= _ 6
v, = — = =219x10° m/s
(9.11x 10" kg)(0.052 9x10~° m)
v, =1.09 x10° m/s
vy =7.28 x10° m/s
(c) As ¢ =3.0x10° m/s, v << ¢ and no relativistic correction is necessary.
4-15  (a) The energy levels of a hydrogen-like ion whose charge number is 2 is given by
7> -544 eV
E, =(-13.6 eV) =7 = =" for Z=2. (He")
n n



Ey =604 eV
E, =-136 eV
So E; =-544 eV
E, =-136 eV
E; =-604 eV, etc.
E, =544 eV
(b) For He", Z =2 so we see that the ionization energy (the energy required to take
the electron from the state n =1 to the state n = is
2% _544 eV
E=(-136 V)37 = =5 for Z=2. (He')
2,2 2 2
h h
417 r-2E oo L] 2\; n=1
Zm,ke ZJLmeke J
r 2
1 (1.055x 10 Js) 530x10! m
r== ==
Z1(9.11x107" kg)(9x10° Nm?/C?)(1.6 x10™ C) z
530x10™"
(@)  For He', Z=2, r=+m=2.65x10_11 m = 0.026 5nm
530x107"
(b)  For Li*, Z=3, r=+m=1.77x10‘“ m =0.017 7 nm
3 530x107" m I
(c) For Be+,Z=4,r=T=1.32x10_ m =0.013 2 nm

1 1
418  (a) AE =(13.6 ev)(l—2 —3—2) =12.1eV

1 1
(b) Either AE =12.1eV or AE =(13.6 eV)(I —2—2) =10.2 eV and
1 1
= (13.6 ev)(z—2 -3—2) =1.89 eV.

(1 1) 1 1
4-19  (a) AE =(-13.6 eV L_Z__ZJ -13.6 eV) 371 =189 eV
i ng

)3><108 m/s

(b) k= 1.89 eV

=658 nm

(© C=Af= f=—=——"-"—-456x10" Hz
m



420 AE=(-136 ev)(i2 LZ)
ng n;
1 1
(a) AE =(-136 eV)(E _E) =0.306 eV

(b) AE =(-136 ev)(L 1—) =0.166 eV

36 25
mov®  ke® mo? 1\ ke? [ —ke*\ U
4-22 E-= K+U=T—T But T=(E)— Thus E = (Z)L J=2,SO

U =2E=2(-136 eV)=-272eV and K =E -U = -136 eV - (-27.2 eV) =13.6 €V .

423 (@ 1 =(00529nm)n® =00529 nm (when n=1)

o\ 12
®  mo mL"L)
m,r

(91x10°" kg)(9x10° Nm?/c?)]"

529 %10 m

x(1.6x107™ C)

m, =
M,v=199x107** kgm/s
©  L=mor=(199x10" kg m/s)529x10™" m), L=1.05x10 (kg m?[s) = 7

(d) K =[|=136 eV
(e) U=-2K=-272¢eV

(f) E=K+U=-13.6 eV

13_% ) 14

= =160x10" Hz
414 %107 eV s)

425  (a) AE =hf =(136 ev)(%-%) or f=(13.6 eV)(
ng n;

. 2 |1l e VP

21y S0 frev=%=2ﬂr .Using v = (ke ) , frev = L ) .For n=3,

(b) T =

n

1= (3)2a0 and

(899x10° Nm2/C?)(1.60 x107° C
T

rev = [(911:00" kg)9)(5.29 10" m]]
(2)(3.14)9)(5.29 10" m)
frev =2.44 x10™ Hz (1 = 3)

frev =1.03x10™ Hz (n =4)

Thus the photon frequency is about halfway between the two frequencies of the
revolution.



22
R= -8
36 5456 x107° cm
4-26 Lyman series has n; =1, Ay, has n;=2; A, has n; =«

(b) =109720 cm ™

L e R (1-1)_2
Amax Ln% ”12) 2 4
4 4
A =—= =121.5nm
" BR - (3)(1.097 x10” m ™)
1
Ain = 5 =91.16 nm

As shown on the inside front cover, the visible spectrum begins at about 350 nm,
so the Lyman series is in the UV.

m.M Me . n’h* . .
4-35 =—F =—= since m, = M . In general, r, =——, so for positronium Z =1
MM~ 2 Me & S ke P ’
([ #*n*) .
= % and 7positronium =k 1” (%) ke® =2a0n” =27ydrogen - Similarly,
Ehydrogen -6.80 eV
Epositronium = 2 = nz .



4-31 (a)

(c)

fphoton =L 2aoh JL 2 =L 20k

nh

=nh; v=—",
(mevr) nh; v —
0
P e mh_ wh__ h _(mekZZZe4\(L)
¢ 2mr 2mr 2amr’ 2nmen4(a0)2 2me(a0)2n3 2a i }n3
2
using 4y =— .
m,ke
(kz22\( 1 1
AE=hZ)h = _——
photon L 2[10]’1 }L”l? n

/kZzeQ\/niz —n?\ [ kZ%e

_/meK2Z264\/ni + nf\
_L 27h? (271%7112)

/mek2Z264\( ni + 1y
For nj =n¢ =1, fohoton =k 5 J .For n;=2, ns =1, n;=3, n; =2,

27h° an%ni
1 nj+n 1

etc., —3 < > <3 -
ny  2ning ng

Frequency of emitted radiation is in between the initial orbital frequency and the
final. As n; — o the initial and final orbital frequencies squeeze closer together
making the frequency of emitted radiation equal to the orbital frequency. This
result agrees with Bohr’s correspondence principle.



