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The force exerted on one electron by the other electron (located a distance 2x away) is 
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At equilibrium, F F+ −= , so 
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5. (a) From Equation 6.8, 
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(b) We can rewrite Equation 6.18 as 
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which can be analyzed using the quadratic formula to give 
 

22 2
2

min 2 2
0 0

2
2

4 4

(1.440MeV fm)(2)(79) (1.440MeV fm)(2)(79) (18.2fm) 43.9 fm or 7.5 fm
12.5MeV 12.5MeV

e Zz e Zzr b
mv mvπe πe

 
= ± + 

 

 ⋅ ⋅
= ± + = − 

 
 
Only the positive root is physically meaningful, so min 43.9 fm.r =  
 

(c)            
2

0 min
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⋅
= = =  

 
 6.25MeV 5.18MeV 1.07 MeVK E U= − = − =  
 

6. From Equation 6.19, 
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8. (a) The density ρ of silver is 10.5 g/cm3 and its molar mass M is 107.9 g/mole.  Thus 

 
23 3

22 3 28 3A (6.02 10 atoms/mole)(10.5 g/cm ) 5.86 10 atoms/cm 5.86 10 atoms/m
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Nn
M
ρ ×

= = = × = ×

 

At θ = 90°, 
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(b) At θ = 10°, 
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(c) At θ = 5°, 
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(d) 2

5 51 1 1.37 10 0.986f f −
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 9. 
22 3 2

Au Ag Au90 Au Au Au
2 2 3 2

90 Ag Ag Ag Ag Au Ag

(Au) (19.3g/cm )(107.9g/mole)(79) 2.84
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10. As a rough first approximation, we can assume that the light alpha particle rebounds from 

the massive gold nucleus with a final momentum pf that is in magnitude nearly equal to 
its initial momentum pi, so that the recoil momentum given to the gold nucleus is 

 
 recoil i f i i i( ) 2p p p p p p= − ≅ − − =  
 
This is accurate to within about 2%.  The recoil kinetic energy of the gold nucleus is 
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This gives the probability per unit area for an alpha particle to be scattered into the 
detector.  The area of the detector is π(0.50 cm)2 = 7.96 × 10−6 m2.  The total probability 
for an alpha particle to strike the detector is 2 6 2 6(0.246 m )(7.96 10 m ) 1.96 10− − −× = × .  
That is, each alpha particle has a probability of 1.96 × 10−6 to be scattered into the 
detector.  If the rate of incident particles is 3.0 × 107 s−1, the rate at which they strike the 
detector is 6 7 1 1(1.96 10 )(3.0 10 s ) 59 s− − −× × = . 

 
14. From the Rutherford scattering formula (Eq. 6.14) the only difference between the two 

positions is the term depending on the angle – all other parameters are the same for the 
two experiments. The expected ratio between the two counting rates is then 
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so the rate at 150° would be (11.3/s)(6.63 × 10-5) = 7.49 × 10-4 /s. 

 
15. The shortest wavelength is the series limit.  For the Lyman series, n0 = 1 and Equation 

6.21 becomes 

 
2
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n n
n
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which gives λ = 121.51 nm (n = 2), 102.52 nm (n = 3), 97.21 nm (n = 4). 
 

16. For the Brackett series, n0 = 4.  With λ = 1944 nm, Equation 6.21 gives 
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which can be solved to give n = 8.  The next higher (n = 7) and next lower (n = 9) lines 
are 
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17. For the Pfund series, n0 = 5 and the longest wavelength corresponds to n = 6.  Solving 

Equation 6.21 for the series limit, we have 
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18. From Figure 6.16 we see that only the Paschen series (n0 = 3) has lines near 1000 nm. 

Using the series limit of 820.1 nm, we have from Eq. 6.21 
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46. (a) From Eq. 6.28 for the allowed radii: 
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so the ionization energy would be 0.725 meV. 
 
(c)  

 5
2 2 2 2
1 2

1 1 1 1( 13.6 eV) ( 13.6 eV) 1.07 10 eV
137 136

E
n n
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⋅
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This is in the microwave region of the electromagnetic spectrum. 
 

47.  The series limit can be found from Eq. 6.33 with n1 = ∞ and n2 = 6: 
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The emitted wavelengths can be found from Eq. 6.21with n0 = 6 and n = 7, 8, or 9: 
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These radiations are in the infrared region of the spectrum. 
 

48.  The Rutherford formula will fail when the distance of closest approach is less than the 
combined radii of the alpha particle and aluminum nucleus. Rewriting Eq. 6.19 for the 
distance of closest approach in a head-on collision,  
 



Chapter 6 Page 18 
 

 
2

0

(2)(13)(1.44 MeV fm) 6.8 MeV
4 1.9 fm 3.6 fm

e zZK
dπe

= = ⋅ =
+

  

 
Alpha particles of energy greater than 6.8 MeV will penetrate the aluminum nucleus can 
cause a breakdown in the Rutherford scattering formula. Such energies from radioactive 
decay were available in Rutherford’s time. 
 
 

 
 




