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sin_n)4

4-8 (a) From Equation 4.16 we have An«v(-s—"l?-) or Any =An,
2 z#;)

. Thus the number of

d's scattered at 40 degrees is given by

(sin2)* sin10\*
Any =(100 Cpm)(—s_'uTﬁzl—)r =(100 cpm)(M) =6.64 cpm.

Similarly

4-8 a) ohi2) An at 60 degrees =1.45 cpm
It should read "sin(phi/2)", _
not. "sin(phiy/2" An at 80 degrees = 0.533 cpm

A n at 100 degrees = 0.264 cpm

®) From 4.16 doubling ( )mav reduces An by a factor of 4. Thus An at

20 degrees = (Z)(IOO cpm) = 25 cpm.

() From 4.16 we find —* Angy _ ZeWNey ZC“NC“ 1Z200=29,Z,,=79.

L™ zAu N Au

N, = number of Cu nuclei per unit area
= number of Cu nuclei per unit volume* foil thickness

3 .
= [(8.9 g/em® )( 6.02 x613054 ;‘“de‘ ]]t =8.43 x10%¢

23
[193 g/cm )(602x10 nuclel)]t___s.%xmzzt

197.0

8.43x10% 8.43
So Ang, =AnAu(29)2—-(—7§)———(5 90><102 (100)( ) (5 90) 19.3 cpm.

49 The initial energy of the system of & plus copper nucleus is 13.9 MeV and is just the kinetic

energy of the @when the ais far from the nucleus. The final energy of the system may be
evaluated at the point of closest approach when the kinetic energy is zero and the potential

energy is k(Ze)—Z—e where r is approximately equal to the nuclear radius of copper. Invoking
r

2Z¢%

conservation of energy E; =E f, =(k)

22¢* _ (2(29)(160x10°7)*(8.99x10°)

=(k
=®O%, " (139x10° eV){160x 10" J/eV)

=6.00x107° m
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4-8 a)
It should read  "sin(phi/2)",  
not   "sin(phi)/2"
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4-11 %— R(—l— —lz) For the Balmer series, ng=2; n; =3, 4, 5, ... . The first three lines in the
ni n
series have wavelengths given by j11_= R(Elz“"lz') where R =1.097 37x10” m™
n
1 11 36
1stline; —~=R|—-= === 12
4-12 stine: 7 R(4 9) (36)R 4 R 656112 nm
The right hand side of the 2nd line: -1-=R(-1—-——1—)=( 3 )R l:———=486009 nm
first equation should be A 4 16 16 3R
R(1-1/n*2), asin 4-13 (a) 3rd line: 1=R(_l__i) (21 ) 1_10_()__433937
e VR VT iR oo

4-12

4-13

414

%-R(l_ )wheren 2,3,4,..and R=1.0973732x10" m™;
n

-1
1 iz) =121502x107 m=121502 nm (UV)

el
]
2
»
>
I
=
L
/N
!

-1
Forn=3;,1=R-1(1— ) =1.02517x107 m=102.517 nm (UV)

2
1
32
-1
Forn=4 A= R“(l—il?) =1.972018 x107 m=97.2018 nm (UV)

R

~mdms)
102.6x10™°

1

(@) 1:102.6nm;—}=R(1—-—7)=>n= sz: =299=~3
" (R-3)" (R-

(b) This wavelength cannot belong to either series. Both the Paschen and Brackett series
lie in the IR region, whereas the wavelength of 102.6 nm lies in the UV region.

2h2
(a) 1, = - wheren=1, 2,3, ...
ke

1.055x107 Js)*
r, =n? ( ) 5 =(0.0529 nmjn®

(9.11x10™ kg)(9.0x19° Nm?/C2)(16x107 C)
Forn=1: r, =0.0529 nm
Forn=2:r,=02]121 nm
Forn=3:r, =0.477 2 nm

keZ )1/2

) From Equation 4.26, v =[
m,r

]
J =219x10° m/s

_(899x10° Nm?/c?)(1.60x107 C)*
T (911107 kg)(0.0529x10™° m)

v, =1.09x10° m/s
v; =7.28x10° mys

(© As c=30x10® m/s, v <<c and no relativistic correction is necessary.
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4-12
The right hand side of the first equation should be
 R( 1 - 1/n^2),  as in 4-13 (a)
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415 (a) The energy levels of a hydrogen-like ion whose charge number is 2 is given by
Z* 544V

E,=(-13.6 eV)=-=———for Z=2, (He")
n n
0
E3 =-6.04 eV
E,=-136 eV
So E,=-544eV
E,=-136eV
E;=—6.04 eV, etc.
El = "54.4 eV
®) For He", Z =2 50 we see that the ionization energy (the energy required to take the
2
electron from the state n=1 to the state n =0 is E=(-13.6 eV)f—2 = _Sizex for
n
Z=2.(He*)
416  For Li%*, Z=3 from Equation 4.36
0
E,=-136¢eV
p o 1362 1224
" n’ev n?ev
E, =-306 eV
So E;=-1224¢eV
Ez =-30.6 eV
E; =-13.6 eV, etc.
E,=-124¢eV
252 2 2
417 r=_TR o= n LT in=1
Zm ke Z A\ mke
1 (1.055x107™ Js)* _530x10M m
Z| (911x107® kg)(9x10° Nm?/C?)(1.6x10™ C)* z
-1
(a)  ForHe*,Z=2,r =%—"l= 2.65%10"1! m=0.0265 nm
-1
®  ForLi**, Zz=3,r =—5'—395—1£——3= 1.77x10™ m=0.0177 nm

-11
(0  ForBe®, Z=4,r= 51-39220-—2= 132x10™" m=0.0132 nm
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(b)

@

(b)

AE=(136 eV)(-i-!z— - 312-) =121eV

1

THE PARTICLE NATURE OF MATTER

1

4-18 (a) Just use energy conservation
4-18 (b) You must consider the possible
intermediate transitions, i.e. a transition
either from n=3 to n=1 directly, or from n=3
to n=2 and then from n=2 to n=1

Either AE=121¢eV or AE=(13.6 eV)(—— - -—) =10.2 eV and

1
1 1
AE=(13.6€V Py by =18%eV.
2° 3

1

22

1 11
AE=(-13.6 eV)] == -— |=(-13.6 V(————)=1.89 eV
( ¢ )(niz an ( ¢ )9 4

f

=(414x107" eV s)

3x10° m/s
189 eV

Hz

=658 nm

For the Paschen series; 1 = R(—IT - lz) ; the maximum wavelength corresponds to
3 n

A

n, =4, L= (l—‘%z), A nax =1874.606 nm. For minimum wavelength, n; ~ -,

1 1 1 9
o R[ - ) Ay, =2 =820140
Aot (32 oo) min =R o
he (”‘7“%_19"“‘) =0.6627 nm
Amin  1.6x107 J/eV

b
_he ———-—-————(m'm""‘) =1515 nm

Amin  16x1077 JfeV

2 2 2
E=K+u=—-——.But——=(l)5e—.Thus E
2 2 \2

r

.

1

-ke*\ U
- =—, 50
2 r 2

U=2E=2(-136eV)=-272eV and K=E-U=-13.6 eV-(-272eV)=13.6 eV.
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4-18 (a)  Just use energy conservation
4-18 (b)  You must consider the possible intermediate transitions, i.e. a transition either from n=3 to n=1 directly, or from n=3 to n=2 and then from n=2 to n=1


423 (a)

(b)

()
G
(e)
®

424 (a)

(b)

425 (a)

(b)

r, =(0.0529 nm)n? =0.0529 nm (when n=1)

keZ 12
m,y= m,[—nT:)
e
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4-23 (b) You may find the velocity either by the
quantization condition on angular momentum,
or by setting the electrostatic force equal to the
centripetal force on the electron.

(9.1x107% kg)(9x10° Nm?/C?
m, =
) 529%10™ m

) 12
] x(16x107" C)

M,v=19x10"# kgm/s

L=mor=(199x10% kg nys)(5.29x10™"! m), L=1.05x10"%(kg m?/s)=h

K=|E|=136 eV
U=-2K=-272eV

E=K+U=-136¢eV

4-23 (d) and (e) These equations may be found by setting
the electrostatic force equal to the centripetal force on the
electron, and then using the definitions of kinetic and
electrostatic potential energy.

1 1 1 2 (1)2 8R 9 9
—=Rl+——-—Il=R@?-|=] |==; A=Z-= =102.517
P R(nz nf) [() 3 9 8R  (8)Y{1.09737x10” m?) e

As the atom is initially at rest, the momentum of the photon, %, must equal the recoil

momentum of the atom:

atom l

K., =f_=
oM 2m - (2)(167%1077 kg)

=" =6.47x1077 kg m/s

102517 nm
(647x1077 kg mys)

=1.25x10"% J=783x107% eV

This tiny amount of energy comes from the photon’s energy making A slightly longer

than 102.517 nm.

1 1 -4
AE=hf=(136 eV) ———|or f=(136eV) —2 16 1-160x10" Hz
= { ? nz) f=( )(4.14><10-15 eVs

n

T= 2zr,

r= (3)2a0 and

4-25 (b) The period T is defined simply
as the time it takes for the electron to
complete one revolution around the
proton. The frequency of rotation is
defined accordingly as the inverse of T.

f i

1 v ) ke? 12 ke? 12
sofrev::f" -Usmgv=(mr J s frev = -~ .Forn=3,

2nr

n en n

(899x10° Nm?/C2)160x107" C)*

T [(01130° kg)9)(5.29x10" )]V’
(2)3.14)9)(5.29x10°" m)

frey =2.44x10" Hz (n=3)
frev =1.03%10™ Hz (n=4)

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

revolution.
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4-23 (b) You may find the velocity either by the quantization condition on angular momentum, or by setting the electrostatic force equal to the centripetal force on the electron.
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4-25 (b)    The period T is defined simply as the time it takes for the electron to complete one revolution around the proton.  The frequency of rotation is defined accordingly as the inverse of T.
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4-23 (d) and (e)  These equations may be found by setting the electrostatic force equal to the centripetal force on the electron, and then using the definitions of kinetic and electrostatic potential energy.
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Lyman series has n; =1, A

max NAs 1, =2; A has n; =eo

1 1 1 1-1)_3R
A_=R(F‘FJ=R(TZ)=T
‘max f i

A = = 2
™ 3R (3)(1.097x10" m™)

=121.5 nm

1
A, =2 =9116 nm

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

(@)

(b)

A= Czn2 Sol=(—1-)n2_22 =(_1_ _1_:_2i orl= iz_ l-_l_.)—R(L__l_
n2-2*> 4 \C,) n? C, A\ n? A (G \2% »? 22 n?

2
where R =£—.
2

22

R= ———=109720 cm™
36545.6x10™ cm

Call the energy available from the n=2 to n=1 transition AE:

AE136 eV)zz(iz—iz) - 36247 (1-5)=5875 eV =5875 kev.
ng n

)

The kinetic energy K of the Auger electron is equal to 5.875 keV minus the energy required to
ionize an electron in the n = 4 state, E;.40n - Thus,

(@

2
K =5.875 keV — E; pization =5.875 keV —(13.6 eV)§4— =5.385keV.

E
Both momentum and energy must be conserved. Momentum: Mv = photon

1 . , - . . .
E=E poton + EMv2 where M s the atom’s mass, v is its recoil velocity, E oo is the
photon’s energy and E is the energy difference between the 7=3 and n =1 states.

Combining equations, v +2cv —% =0 and using the quadratic formula,

12
2 (455E) {—1 i(1+213)1/2]

r=— =
Mc?

2

For % <«<1,v= XdE_c orv= _—2:4%5, the second of which is non physical. Thus in

general, v = Ti— For the n =3 to n =1 transition in particular,
¢

, energy:
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