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CHAPTER 1

1. We are given two salts, MgSOy (magnesium sulfite) and MgSOy (magnesium sulfate).

If A represents oxygen and B represents sulfur plus magnesium, then modern data
would yield

¥, (magnesium sulfite) _ 48 0.853
wp (magnesium sulfite) 104.3 - 48 =
W, (magnesium sulfate)
and wy (magnesium sulfate) L J37
and X . - 0.853 _ 3 _
- R;o 1.137 i from Eq. (1-2). If there were a 20X error in

the apparent weight of sulfite, one would have

W, (magnesium sulfite)
wp (magnesium sulfite) 24,

0.8 x 48 -
yh s 0.770

8 x
+ 0.8 x 32

and then R,, = 2-770 _ 2
2 113y “HYT = 3

The formulas of the sulfite and sulfate would be taken to be MgSO, and MgSO3
respectively. The percentage composition (by weight) of oxygen in magnesium
sulfite would be taken as

w =1 =1
A . [1+Z§.] - [1-1-1_.] = 0.435 .
"A"'"B H‘A .770

From the formula MgSO, for magnesium sulfite, the atomic weight of Mg would be
found as follows:

2 x 16
AW(Mg) + 32 + 2x16

= 0.435

or LW (Mg) = 9.6

2. a. Represent a pinhead by & disc 1 mm in diameter and 0.25 mm in thickness. Then
6.022 x 1023 x ¥ x (0.5 x 1073)2 x 0.25 x 1073 m3

= 1014 w3



3.

‘.

b. One mole of electrons = 96486.7 C

96486.7 C _ 6 = 11 d
o.1¢/s 964867 s ays

c. 10* x0.1mm = 103 mm = 1m

0.1 C/le x 18 -13
d. - 5.7 x 10713 k
1.76 = 1011 C/kg 37 x o

Use Eq. (1-14). We know e = 1.6 x 10719 C and  mv2 = 100 eV = 1.6 x 1077 J.

If 2 = 1 mm and E = 10* ¥/m, then tan® = 0.05, or 0 = 2.86°. If we take 6' in
Eq. (1-19) to be equal to 6, then the anticipated range for B is

2.38 x 1072 T < B < 3.77 x 10~2 T

for the muon mass in the range 200-500 times the electron mass.

The success of the Milliken method depends on the degree to which the effect of the
electron's (or the quark’s) charge can be maximized, which implies that one should
try to maximize the difference between the magnitudes of v; and v, (Eqs. (1-23) and

(1-24)). Since

2
vi = 3 (b, = Payy)

9n
and
- DeE _ 2r? -
b e on~ 8 (Pg = Paip)s

the determination of e can be made most accurately if r 1is smail. Therefore, a
sphere radius of 0.01 mm is preferable. The only property of the electrom or quark
which enters the analysis of the Milliken experiment is its charge; the particle's
mass has no measurable effect.
a. Fm=qEm=1.60x 10719 ¢ x 105 V/m

= 1,60 x 1071*% J/m = 1,60 x 1071% N

Negative z direction,

a= g = 1,76 x 1016 m/g2

b. B =y H=4r x 1077 N/A? x 10" A/m
= 4m x 1073 N/Am = 4% x 1073 T
F=1.60x 10712 C x 105 m/s x 47 x 1073 T x sin 45° = 1.42 x 10716 N
If the velocity is in the positive x-y quadrant, the force points in the negative =z

direction.

a = £ = 1.56 x 10! w/e?.



c. Fgrec = 1.60 x 1071° ¢ x 10% V/m = 1.60 x 10715 N

Negative y direction

Fpag = 1-60 x 10719 € x 105 m/s x 0.1 T = 1.60 x 107!5 N

Positive y direction

F=Feject Fmag =0 ; a=20
From Eq. (1-34),
2
Ed r q
ET = 2m

With r = 0.15m, q = 1.60 x 1071% C, and 1 amu < m < 200 amu, the restriction on
the fields is

5.42 x 10! v/T2 < Eg < 1.08 x 10* v/T12
B

For m = 1 amu, %% = 1.08 x 10% v/T?

With d = 10 m, E = 10° V/m, a magnetic field of B = 9.62 x 10”2 T will be
suitable.

Similarly, for m = 50 amu, d = 10 m, one can use E = 2 x 10° V/m and
B=3.06 x 1001 T, and for m = 200 amu, d = 10" m, one can use E = 2 x 105 V/m
and B = 6.07 x 10~! T.

Let m = mass of ion before fragmentation

m' = mass of ion after fragmentation
/2
From Eq. (1-33) ¥y = (;;@)l

and from Eq. (1-31) r = EL%Q
q

so that Eq. (1-34) will now read

t 2Ed)1/2 (m.z 1/2
_(_LB m_

mq

2
The apparent mass is therefore m' /m. If m = 150 amu and m' = 135 amu, the apparent
mass is 122 amu.

A charge e which is accelerated through a potential difference V acquires a kinetic

energy given by
-%-mv2 = eV,



10.

The radius of curvature in a magnetic field H is given by
12 1/2

r = y_ - SZ_VL_

eB B e

where B = My H. In practice, the radii of EL; and EL; would be measured
separately nnd then averaged to yield a reliable value for r. The charge to mass
ratio is then given by

e 2V

= = 5 .
m r2p2

Let £ = distance between slit and plate. The time during which the ions are
accelerated by the field is 1 = !./Vx , and the magnitude of the acceleration is

eE/m , where E is the electric field and m is the ionic mass. The deflection of
the ions in the y direction is therefore

2
d = lﬂ.tz - l..._ ."'_.
2 m 2 m Vx

6 = 7 - e - ‘Elz 1 - 1
d(°L1) - d(’Li) 107 m 2v, (m(GLi) m(7L1))'

Since m(5L1) = 6 o and
6.022 x 1026 & &%

7 7

m(7LL) = ——2 K
L 6.022 x 1026 ©°
one finds Ef2 = 2,18 x 102 Vm .

If 2 = 1 m, for example, the field has the value E = 2.18 x 103 V/m.

I1f the angle between the slots is ¢ (in degrees), then the condition for passage of
the particles is that they travel 0.1 m in the time it takes the disks to rotate
through the angle ¢. If the rotation speed is Q revolutions/sec, this time is
¢/360 2. The velocity of the particles which pass is therefore

In/S .

- _ 0.1 . 360
s/360a /® Iy

For example, if v = 103 m/s and ¢ = 45°, then Q = 1250 revolutions/sec.

A slot 2 mm wide at the rim of a disc of radius 50 mm subtends an angle of
2 : °
50 radians = 2,29° .

1f ¢ is set at 45°, then the actual range of angles is 42.71° < ¢ < 47.29°. 1If
Q = 1250 revolutions/sec, then

952 m/s < v < 1054 m/sec .



CHAPTER 2

(=]

The interpretation of E;p,eqn 18 the amount of energy required to excite an atom
from the ground state to some particular excited state. The maximum energy that
can be released upon relaxation from the excited state is therxefore Eiphreghs
which corresponds to a maximum frequency of E¢hregh/h. In some cases, the re-
laxation may be entirely to intermediate excited levels rather than to the ground
state, so that all of the emission frequencies are less than Eipregh/h.

The wavelength of radiation correspending to 2.103 eV = 3.37 x 10719J 1s
he -7
3.37x10-135 ~ 3.90x107m = 589.6 nm.

The energy corresponding to 670.8 nm is

he - -15 - ‘
670.8x10m 2.96x107%°J 1.848 eV

The exciting energy is 18.72 eV = 2,995x10-18J, The emission at 585.24 nm
corresponds to an energy of 3.394x10~1%J. Evidently, the electrons at 18.72 eV
excite the neon atoms to a state above the lowest excited state. Partial reslaxa-
tion to an intermediate state yields radiation at 585.24 nm. The remaining
energy, 2.660x10"!8J, can be radiated and will correspond to a wavelength of
74.68 nm. The total exciting energy can also be radiated at once, corresponding
to a wavelength of 66.23 nm,

For velocity v, one has eV = 1/2 mev2 and eV' = 1/2 mpvz. Therefore

- Up . 1800. If V = 300 volts,

Me

v
\'

then V' = 540,000 volts.

a. E = hv = hx10!3s~1 = 6.62x10-1%J

b. E = 6.02x1023x 6.62x10719J = 3.99x105J

c. 6 km/hr = 1.67 m/s

E=1/2 mv? = 83.3 J-

d. E = 3600 x 60 J = 2.16x10° J

For simplicity, consider a simple cubic lattice of atoms whose radius is r. The

cross sectional area of the lattice per atom is then 0 = (2r)2 = 4r2., The numbar

density is n =~ 8/(4r)3 = 1/8 r3, so the attenuation coefficient is on = 1/2r.
If AI/I = -0.10, then Ax = 0.1 x 2r = 0.2r. From Eq. (2-7), I/Ip = 0.90, and



x = -2rin 0.90 = 0.21 r.

From Eqs. (2-15) and (2-16) we see that the total cross section for scattering
would be proportional to

n _eZ/eZm
27 J e sin6de
0

if the plum-pudding model were correct. The fraction of particles expected to
be found at angles greater than x/2 would then be

ﬂ _92/92m
f e sin® d6
n/2
w -ez/ezm
e sin6é d6
0

-82/a2 -62/a2
In the range n/2 <6 < n, e 0/8%y is essentially zero. (For 6 = 7/2 e 0%/6%n «

e-8100.) The numerator of the above ratic of integrals is therefore = 0, and one
would not expect to see any particles scattered at angles greater than w/2.

From Eq. (2-9) we have

1 e[ - 1)
x“ Hnlz n22

for a transition in atomic hydrogen and

Lo (2, _1
\p D(“l n,?

for a transition in atomic deuterium. The constants Ry and RD are related to
Re = 109737.31 cm~! by

where m_ is the mass of an electron (m. = 5,48593x10™" au) and ug and yup are the
reduced masses of H and D. Since the total atomic masses are my = 1.00/825 au
and mp = 2.01410 au, the reduced masses are

g = (mn - me)®e | 5 48295x107% au
m;
H

(mp - m)m
and Mp = T = 5.4B444x10™* au

and Ry = 0.99456 R, = 109678 em~l, and Rp = 0.999728 R, = 109708 em~l,
For a 3+2 transition,
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11.

12.

Ag = 6564.69 A , Ap = 6562.91 &
For a 42 transition,

Ay = 4862.74 X, Ap = 4861.41 &

For a particular transition,
XD - 5}1 - _IJ_H - mD(mu = me)
AH Rp Up mH(mD - me)

Therefore, if Ap/Ap, mp, and my are known, the above is an equation for m,.

Kineti - e ( i - L
netlc energy = ¢ G 539xi0-7 = ~ 4.047x10-7 @’

= 2,924x10"19 J

The energy levels for C*5 are (Eq. (2-68)) ° =
22 -
By = ~heR, o7

with Z = 6. For a 2+1 transition,

= 36 R, (1 - 1/4) , and

e L

= 33.75 & (x~-ray region)
The ionization energy is 36 hc R_ = 489.81 eV,
For a 3+2 transition,
A = 182.25 % (x-ray region)
The ionization energy of an n=2 electron is

%9 heR, = 122.45 eV.

We use Eq. {2-66), with an "effeactive'" value of 2 for Z. (That is, we assume that
the remaining nuclear charge is effectively screened by the inner electrons.)
Then, 7.644 ev corresponds to r = 1,88 ? and 15.031 ev corresponds to r = 0.96
An estimate for the average value of r is therefore 1.42 X.

By trial end error, one can fit the data by

1 1 1
i R ( T=5HT - ;{9, m=3, 4, . . .

The values of § found are:



m 3 4 ) 5 6 7
A/om 589.18 330.26 285.28 268.04 259.39
¢ 0.061 0.281 0.332 0.351 0.360

The ralue of 6§ remains reasonably constant for the higher energy transitions.

13. a(€) = A cos 0/2; 0(5°) = 2,584x10~17 cm?
» A = 2,586x10"17cm?

n
g = 2% { de o(9) sinb6 = 27 ff de niuacoa%
0 ’ v}

14. a. Use Eq. (2-28) &3 an approximation.
me=0.1kg; r=0.15m
v = 33 x 27 x 0.15 m/min = 0.5 m/s
A = 0.05 J sec
b. Use Eq. (2-42)

w=2 x 1000 sec"!
x; = 10 cm

vg = wx

m = 2 kg

A = 400 J sec

¢. Let time be measured from t=0, when the ball is at its maximum height hy = 1 m.
As the ball falls, ite height is given by h = hy - 1/2 gt?, whara g is the
acceleration of gravity. During this time, the ball's velocity is given by
v = gt. At time ¢) = V2hy/g the ball hits the ground (h=0). The total
action during the fall is therefore

£ t1
Agg11 = [ mv? dt = mg? [ t2 de
0 o

1 352 3/2
3 mgZ ( - )

It is easily verified that the action during the rise of the ball from the ground
up to h; is equal to Agga11s 8O the total action for the cycle is

3/2
i = %-32(2_:11) - 5.9x10"3 J sec

For the free hydrogen atom, v = 10" m sec™! snd m = 1.66x10"27 kg.
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16.

17.

18.

1 sec

A = J mv2dt = mv2x 1sec = 21.65¢1071% J sec.
0

The energy of one quantum of radiation is

hw o= N = 1.86x10720 3.
In one secound tha laser emits 1 J, or 5.38x101% quanta. To raise the temperature
of 200 g of water from 25°C te 100°C requires 200 x 4.184 x 75 J = 6.28x10% J.
Since the laser emits 1 J/eec, 17.4 hours of operation is required.
Use Eq. (2-63) with n = Z = 1

r = 2.82x107° m

Use Eq. (2-76), with the reduced mass of positronium up raeplacing ug. Since

me2 | Mg
2my 2
the Rydberg comstant for positronium is given by

¥p

= .1 - =1
R.p 7 Ry 54839 cm™*.

The first line in the Lyman series has frequency
1 15 =1
ve ¢ (L-=) = 1.23x10%° sec
o Rl
and the ionization energy is

he R, = 1.09x10718 g

Note that each speciees contains one electron in the valence shell. From Eq. (2-68),
the ionization energy of a one electron species is proportional to the square of
the nuclear charge. For the given data, we can plot the square root of the
ionization potential vs. an "effective'" nuclsar charge which is the actusl nuclear
charge minus the number of core electrons. Such a plot is shown below. The

fit of the data to a straight line is reasonably good.



VI.P./eV '

Zeff

19. k = mw? = 166 N/m

w = /; = 316 sec”!

20. Since the force in any direction (x, y, and z) is independent of motion in the
other directions, the oscillator moves in each direction independently of the
others. Thus the action contains three separate contributions:

A

cycle ™ (V.x; + 'oyyl"‘ "o;'x) 5

an obvious extension of Eq.(2-42). There will be a separate quantization condition

for each contribution to the action, so that following Eq. (2-52) for the one
dimensionsal oscillator yields

Bac = vAcycla = hV (ng + n, + ag).

21. If the particle moves at (constant) speed v, the action per cycle is
L

A = mvds = 2mvLyL, since in one cycle the particle moves

10



22.

23.

24.

through a distance of 2L. The quantization rule requires A = nh , so that

nh
2mL

There is no potential energy, so the total energy of the particle is

1 - nZh?
7 ™ " Gmiz

Therefore, the set of allowed energies is discrete and the energies are propor-
tional to n? .

Use Eqs.(2-68) and 2-73) with Z = 10, n] =« 1 and n; = 2, 3, 4, 5 and 6. The
wavelengths are 1.2150 nm, 1.0252 nm, 0.9720 nm, 0.9492 nm, and 0.9373 nm.

Use Table (2-2) for v_ with n=1., For Z=2, v is already greater than 1Z of the
speed of light. The Pirst excitation energy (1+2) is 2.180x10-18 J x 22 x

(1 - 1/4). The rest mass energy of the electron is 8.19x10~!* J. When z = 23,
the excitation energy exceeds 12 of the electron rest mass energy.

Use Eq. (2-63), with Ze?/ameo (for electrostatic attraction) replaced by GMm (for
gravitational attraction). Here, G is the gravitational constant (6.67x107!!
Nm2/kg2), M is the mass of the sun (2x103%kg) and m is the mass of the earth
(6x10%* kg). Equation (2-63) then becomes
2
£ - g;g, - 2x107138 mxn2  (11)

For r = 1.5x108 km , n = 2.5x107% (11)

11



CHAPTER 3

3.

¥
o
'

mv = 1.66 x 1072% kg m/sec; A = % = 3.96 x 10710

b. E= 8 x 107213; p = /2mE '= 1.21 x 10725 kg m/sec;

A =549 x 1077 m
c. A ow 5.49 x 10713
d. A w 1.12 x 107 m
e. » = 6.43 x 10717

-
The disturbance represented by § (x,y,z) occurs only in the x direction, so the
direction of displacement is the x direction. The phase of the wave is kz - wt,
80 the direction of propagation is the z direction. The nodes, determined by the
conditicn cos(kz - wt) = 0, are not stationary in space, so this is a traveling
wave. A parallel longitudinal wave might be given by

-—ty

fi(x.y.z) = {0, 0, A cos(kz - wt)].

a. A (very) crude estimate of A would be A\ = 4. (The lowest order standing
wave in e rigid box has a wavelength twice the box length.)

2
b. p=h/A and K.E. = g; = 1,51 x 10718 J = 10 eV
Ce 15-20 eV

E=twe P2 = 1L ., hem _ he . ok
2m 2n A 22 2

or ® = ck/2. This dispersion relation is of the same form as is found for light
waves (v = ck).

By induction: N - dy 3% . k &
ax dd 9x dé

o n-1
Given that 22_}! - g0l 4 v » then
axn—l d¢ n-1

M el 3 avtly | on-l gty 3¢

ax" 3ax  g¢n-1 dé® ax

12



