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1 4-3: An astronomer finds a new absorption line with A = 164.1 nm in the ultraviolet
region of the sun’s continuous spectrum. He attributes the line to hydrogen’s Lyman
serigs. Is he right? Justify your answer.
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n?

=1-0.5555= 04445

No, this is not a hydrogen Lyman series transition since # is not an integer.

@  4-13. The radius of the n = 1 orbit in the hydrogen atom is a; = 0.053 nm. (@) Compute the .
. “radius of the n = 6 orbit. (b)) Compute the radius of the n = 6 orbit in singly ionized helium
~ (He*), which is hydrogen-like, i.e., it has only a single electron outside the nucleus.
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- 4-19. It is possible for a muon to be captured by a proton to form a muonic atom. A muon is
" identical to an electron except for its mass, which is 105.7 MeV/c2. (a) Calculate the radius of

the first Bohr orbit of a muonic atom. (b) Calculate the magnitude of the lowest energy state.
(¢) What is the shortest wavelength in the Lyman series for this atom?

A masss g = o * Dpeter (o5 66)(138.27) oy . My
reduced mass; P + it [05.66 + 933.77 Me A
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4-20. In the lithium atom (Z = 3) two electrons are in the n = 1 orbit and the third ;
isin the n = 2 orbit. (Only two are allowed in the n = 1 orbit because of the exclusion i
principle, which will be discussed in Chapter 7.) The interaction of the inner electrons . /
with the outer one can be approximated by writing the energy of the outer electron

as

E=-z25
nz

" where E, = 13.6 eV, n = 2, and Z' is the effective nuclear charge, which is less than . /
3 because of the screening effect of the two inner electrons. Using the measured
- ionization energy of 5.39 eV, calculate Z'.

A=
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-n’E
E,

%
-22(-53%1) | _ ;46
13.6eV :

4-20. E= -@ﬁ,/n’-—')z’ =

4-24. The electron-pomtron pair that was. d1scussed in Chapter 2 can form a hydro-
genlike system called positronium. Calculate (a) the energies of the three lowest states
and (b) the wavelength of the Lyman « and B lines. (Detecnon of those lines is a

A “signature” of positronium formation.)

4-24. (a) The reduced mass correction to the Rydberg constant is unportant in this case. ,

, 1 Y 1} . 6 -1 .
rl—1 ] =r[1]=54869%10°m! (from Equatiof4-26)
R R( /M]' R'[ 2]’ and 4-7T .

=-hcR/n? (from Equatlorf 4-23 auL ‘f'-—'z.'ﬁ

E, = - (1240eV" nm)(S 4869>< 10°m -')(10-9m/mn)/(1)2 - - 6804 eV
/"

Sumlarly,E =-1701¢eV and E;=-0. 756 eV’ -
(b) Lymanatsthen 2-’n 1trans1hoﬂ. T ,
kg g g ahe 1My,
2 © E,-E, -1701eV-(-6.804¢V) |

LymanPisthen=3 — n= 1':_-tfﬂﬂ_5'iﬁOlL

S 7"p he - 1240eV-nm = = 205 ym
E,-E; " 20.756eV - ( 6804eV)
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4-27. The wavelength of the K x-ray ‘Tine for an element is measured to be 0.0794 nm. What
istheclement? T | ”
e—’,ﬂ %—;7 W‘h\ " = 1’ ) we l‘qw A = , ' - ———
Reo (z-l)‘-(,-é) 3R, (Z-1)
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4-32. (a) Compiite the energy of an el 69.5 keV. Assume
erimental result for this energy is
@ the effective nuclear charge. (b) The experimen e the soreeaing constan, 20 4 calcu-

" that the effective nuclear charge is Z — o, where o is

th rimental result.
- late o from the expe .eh ”‘Idjn:‘bﬁlb 0( ‘éL qu,}), ;r

(a) u;..,) ; " $-20 w.‘l:( Z=7f 4~ ‘t“hj:te-.
- @- \) (”‘)"’) @-1) (13.6eV) = 73 a6 eV) = -
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S i geeV 2 7

so O ~ Z.S”

4-36. The transition from the first excited state to the ground state in potassium
results in the emission of a photon with A = 770 nm. If potassium vapor is used in a
: FraBCk -Hertz experiment, at what voltage would you expect to see the first decrease

in (;]_Il'l'elltl7

4- 36 AE-%-%M— 1.610eV Theﬂrstdecreasemcurrentwnlloccurwhenthe
: nm

{ ' voltage reaches 1.61 eV.

| - 437, If we could somehow fill a Franck-Hertz tube with positronium, what cathode-.
; id voltage would be needed to reach the second current decrease in the positronium
eqmvalent of Flgure 4—2?7 (See Problem 4-24.) ;

|
’\ 4- 37 Using the results from Problem 4-24, the energy of the pos:tromum Lyman « line is
\ AE = E, - E =-1. 701eV (-6.804eV) =5.10eV. The first Franck-Hertz current

decrease would occur at 5.10 V, the second at 10.2 V.

( @ 4.43 Show that a small change in the reduced mass of the electron produces a small
v change in a spectral line given by AMA = Ap/u. Use this to calculate the difference
AA in the Balmer red line A = 656.3. nm between hydrogen and deuterium, which has

: a nucleus with twice the mass of hydrogen.
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and the reduced mass A That
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From calax'uu’ ‘we ‘(now ‘H‘\a'b AA =~ TI A/u,. us'l—j 't‘p@
G;Matwn for A Fr‘om ﬂ—Lave we have
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& (cont’d)

J&m A\ = ’A(_A) ~ 7\( ) @55,3,.7)(2 o.s',lMeV/.:—_).

x 938.28 MeV
<

* G
= |AN = 0-|7;7nd : hydreges)

_—

Na‘te.: —T—“)Unj into G\CCOq-\'k ‘B.e_ %b}. f _el'& ")‘“:1)2.3 as we“ —T

as -Hw.;g- mjn{t-\o\e}_, ‘we  have A& = ._A_f , JSo A?s = -0 |77nm=‘~‘}“,'-}”
£he case | above. “The corfc.srond |'v Bﬂ_'me,- red I ‘e for deute, Y 'u’ere.‘ﬁrg,
‘\a’ ’a\t umvel(n)‘tl\ 'k-p = Au + A) - 656:;!»’\ - 0"71 ..,.‘z égéalz nm, .
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@ 445 The Li2* ion is essentially identical to the H atom in Bohr’s theory, aside from

the effect of the different nuclear charges and masses. (@) What transitions in Li2*
will yield emission lines whose wavelengths are very nearly equal to the first two
lines of the Lyman series in hydrogen? (b) Calculate the difference between the wave- -
length of the Lyman a line of hydrogen and the em1ss10n line from Li** that has very
nearly the same wavelength.

4453, (a) E = -EOZ 2/n?  (Equation 4-20) : 45{7 ir
n ' Litt hasseme
ForLi*,Z=3 and E, = - 13.6eV(9)/n? = - 122.4/neV L e emeyy
3 . n,; naf -
The first three Li** levels that have the same (nearly) energy as Hare:  n —: G : ';“f" _;
n=3,E=-136¢V n=¢,E=-34eV n=9E,=-151eV n=9
Lyman « corresponds to then=6— n= 3Li*" transition. Lyman f corresponds o
tothen=9 — n=3Li"" transition. __ preben vest nery,
() R(H) =R,(1’/(1 +_0.511MeV/93s.3MeV)) =1.096776 10" m -}

| . ‘ u.n-:, ¢ 26

|

tion -
R(Li)=R (l/(l +0. 511MeV/6535MeV)) 1097287><107 C?,uh i

e;t enaj, O'F Li nud“r = 7.0iG003 (qz&n—‘—fg‘ﬂg) WUese “n\(‘ﬁ‘e‘. }

For Lyman a:
ym : sez Appead A we Magy wunt

1, 1 '

T =R(H)( 1 -2—~2] = 1.096776x 107m (10" m/nm)(3/4) — A = 121.568 nm
For Li** equivalent:

1 1 . 1

= =R(Li)| —- — | 22 = 1.097287x 107m (10 minm)| L- L] (3y?

- [32 6,] ( |5 3| ®

A =121.512nm AA= 0.056 nm
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‘ 4-48, Figure 3-15b shows the K, and K, characteristic x rays emitted by a molyb-
denum (Mo) target in an x-ray tube whose accelerating potential is 35 kV. The wave-
lengths are K, = 0.071 nm and K, = 0.063 nm. (a) Compute the corresponding
energies of these photons. (b) Suppose we wish to prepare a beam consisting primarily
of K, x rays by passing the molybdenum x rays through a material that absorbs K,
x rays more strongly than K, x rays by photoelectric effect on K-shell electrons of the
material. Which of the materials listed in the accompanying table with their K-shell
binding energies would you choose? Explain your answer. '

ement |Zr | “1Te |Ru
zZ 40 | 41 | 42 | 43 | 44
E, (keV)|18.00/18.99(20.00|21.04|22.12

4-48. (a) E,=hc/A =1240eV-nm/0.071nm = 17.465 keV
Ey=hc/A= 1240eV-nm/o.063nm =19.683 keV

(b) Select Nb (Z=41)
The KP Mo X rays have enough energy to eject pho_tbelectrons, producing 0.693
keV electrons. The K, Mo X rays could not produce photoelectrons in Nb.

(———-’_"ib’-’ w ~ (3% feV = 0.693 keV,

@ l 4-52, In ﬂ'JJS pr_oblfem you are to obtain the Bohr results for the energy levels i . : e‘m:&,r
hydrogen without using the quantization condition of Equation 4-17. In order to reiate r‘;‘t' ebvon

‘ Equation 4-14 to the Balmer-Ritz formula, assume that the radii of allowed orbits are
given by r, = n’r,, where n is an integer and r, is a constant to be determined. (a)
Show that the frequency of radiation for a transition from ne = n — 1 is given by
f = kZe*lhron® for large n. (b) Show that the frequency of revolution is given by ‘

2 o K2t
= 4mmrins

(¢) Use the correspondence pripcible to determine r, and coriipa.re with Equation

4-19. . |

(«) uvs;"j eqns Y1t and 4-15  with ;o= = n r, and
. - r,., = (n-) % ,  we have
+ = z '—;\“e— nr, (n-—i)"r;) 2hr h-)* "

= kZe" [n".- (n-0" | _  kZe® [_n"— (n*-2n +1)}
Zh Lo G 2hr pyenn
= .F = _IkZe’. [2"—1- ~ kzez. [-&L
2"‘ r n"(h—l)“ —"""'2)1,:: . n". 'Rl" n>>1 .

ve Fod |F = kZet g, la.jeq, Q.E..
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(L) The Fer';ol of revohtin, s given b, T, o ist ance travelled

2wr

rev . = £Xr
. o v e e Speed. v
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for the the case of l}“‘"‘?‘" (z ‘,i) . Using r= i, with the
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