Answer of Exam of Principles of Modern Physics

First guestion- Select the right answer

a) The Photoelectrons emit from a metal if the incident photon energy

( lessthan -  greaterthan - equal ) the work function of
the metal.

b) In Galilian transformation between two inertial frames the coordinate x’,
in which the frame s’ moves with velocity v along xx’axes is given by
( X'=x-ut - X'=x+vt - X'=x )
c) The etherfills ......
(the space between the earth and the sun - the sun and the moon -
None of these — all the space)

d) Shows in details
The Lorentz Transformation Equations

39.6 The Lorentz Velocity Transformation Equations

Suppose two observers in relative motion with respect to each other are both
obeerving an object’s motion. Previously, we defined an event as ocourring at an
instant of time. Now let’s interpret the “event” as the object’s motion. We know that
the Galilean velocity transformation (Eq. 39.2) is valid for low speeds. How do the
observers’ measurements of the velocity of the object relate © each other if the
speed of the object or the relative speed of the observers is close to that of lightr
Omnce again, 8 is our frame moving at a speed v relative w© 5. Suppose an ohject has
a wlc:riu_.' COMmpOTEnt iy measuredin the 8 frame, where
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Using Equation 59.11, we have
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359.6 | The Lorentz Velocity Transformation Equations

Substinuwing these values into Equarion 39,15 gives

o walt E_tl
e B o dx
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The term dx/di, however, is simply the velocity component @, of the ohject mea-
sured by an ohserverin 8, so this expression becomes
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(39.16)

If the object has velocity components along the y and x axes, the components as
measured by an observer in 5 are

b 1
u; = —i’ and “; = —"’
(1 h’.xt') (l u,tl)
¥l 1 -— 71— =
} Z L =
Naotice that &y and #; do not contain the parameter »in the mumerator because
the relative velocity is along the x axis.
When vis much smaller than ¢ (the nonrelativistic case), the denominator of
Equation 39,16 approaches unity and so w, ~ a, — © which is the Galilean veloc-

ity transformation equation. In another extreme, when w, = ¢ Equation 39.16
becomes

(39.17)

This result shows that a speed measured as ¢ by an observer in 5 is also measured
as ¢ by an observer in §', independent of the relative motion of § and 5. This con-
clusion is consistent with Einstein's second postulate: the speed of light must be ¢
relative to all inerrial reference frames. Furthermore, we find thar the speecl of an
object can never be measured as larger than ¢. That is, the speed of light is the ulti-
mate speed. We shall return to this poine later.

To obtain ugin terms of ¥, we replace eby —ein Equation 39.16 and interchange
the roles of iy and &y

B =— (39.18)

Quick Quiz 3%9.8 You are driving on a freeway at a relativistic speed.
(i) Straight ahead of you, a technidian standing on the ground narns on a
searchlight and a beam of light moves exactly vertically upward as seen by the
technician. As you observe the heam of light, do you measure the magnitude
of the vertical component of its velocity as (a) equal o ¢, (b) greater than ¢,
or (c) less than o7 (ii) If the technician aims the searchlight directly at you
instead of upward, do you measure the magnitude of the horizontal compo-
nent of itz velocity as (a) equal to «, (b) greater than ¢, or (c) less than

Second question
Discuss in details, using equation and figures :
a- The Photoelectric Effect

1165

4 Lorentz velacity
transformation for 5— 5

Pitfall Prevention 39.5%

‘What Can the Observers Agree On?
‘We have seen several measurements
that the oo obserers Gand & do
maagres on: (1) the time interval
betwesn events that take place in the
mme position in one of their frames,
(2} the dimance between oo points
that remain fixed inone of teir
frames. (%) the wlocity components
af amoving particlke, and (4) whether
two events occurring at different
locations in both frames are simul-
taneous or ot The two observers
camagres on (1) their relative speed
of motion. wwith respect to each
ather, (2) the speed ¢ of any ray of
light, and (2) the smultaneiy of ovo
events that tales place at the same
position aad time in some frame.
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When light strikes plare E ithe
un.irtﬂ':.phomdecmm
ejected from the plate.

Variahle power
sU ppl'r

Electrons moving, from
plat= Eta plate C (the
collector) constnie a
current in the circuit

|_ACTIVEFIGURE40.9 ]

40.2 The Photoelectric Effect

Blackbody radiation was the first phenomenon to be explained with a quantum
masdel. In the lamer part of the 19th century, at the same time that data were taken
on thermal radiation, experiments showed that light incident on certain metallic
surfaces cavses electrons to be emitted from those surfaces. This phenomenon,
which was first discussedin Section 35.1, is known as the photoelectric effect, and
the emitted electrons are called photoelectrons.®

Active Figure 40.9 is a diagram of an apparats for sidying the photoelectric
effect. An evacuated glass or quartz mbe contains a metallic plate E (the emitcter)
connected 1o the negative terminal of a barery and another metallic plate © (the
collector) thatis connected o the positive terminal of the battery. When the tube
is kept in the dark, the ammeter reads zero, indicating no current in the circuic.
However, when plate E is illuminated by light having an appropriate wavelength,
a current is detected by the ammeter, indicating a flow of charges across the gap
between plates E and C. This current arizes from photoelectrons emitied from plate
E and collected at plate C.

Active Figure 40.10 is a plot of photoelec tric current versus potential difference
AVapplied berween plates E and © for two light intensities. Ar large values of AV, the
current reaches a maximum value; all the electrons emitted from E are collected
at C, and the current cannot increase further. In additicon, the maximum cur-
rent increases as the intensity of the incident light increases, as you might expect,
because more electrons are ejected by the higher-intensity light. Finally, when AVis

B- The Compton Effect
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Coartosy of AP Wok Bohi Liboary

irthar Holly Compton
S merican Physicist {1292-1262)
Conpton was bom In Weooster, Chio, and
attend s Wiszester Coollage and Pring ston
Untversty. He beoane the diregtorof the
laboratory atthe Unkersityof Chioago, wher
eopeinentd work conaerned with sustalned
ruclear ohaln resotons was conducted.

This work was of central Inportance to the
oomstruction of the first nuclkearweapon. His
dizaovery of the Complon effart led o bz
sharing of the 1927 Hobe Price InPhysios
with Cherles Wilson,

The elecron recoils just asif
mrick by o classcal ]:\nrl:i\:]e..
revealing the particle-like
mature of the photon.

Figure 40.13 The quantum model
fior %ray scattering from an electron.

Frior to 1922, Compton and his coworkers had accumulated evidence show-
ing that the classical wave theory of light failed 1o explain the scaitering of x-rays
from electrons. According to classical theory, eleciromagnetic waves of frequency
fincident on elecirons should have two effects: (1) radiation pressure (see Section
34.5) should cause the electrons (o accelerate in the direction of propagation of
the waves, and (2 the oscillating electric field of the incident radiation should set
the electrons into oscillation at the apparent frequency f°, where [ is the frequency
in the frame of the moving electwrons. This apparent frequency is different from
the frequency fof the incident radiation because of the Doppler effect (see Section
174). Each electron first absorbs radiation as a moving particle and then reradi-
ares as a moving particle, thereby exhibiting two Doppler shifis in the frequency of
radiation.

Becanze different electrons move at different speeds after the interaction,
depending on the amount of energy absorbed from the electromagnetic waves,
the scattered wave frequency at a given angle to the incoming radiation should
show a distribution of Dopplershifted valies. Contrary to this prediction, Comp-
on's experiments showed that at a given angle only ene frequency of radiation is
obzerved. Compton and his coworkers explained these experiments by treating
photons not as waves but racher as point-like particles having energy &fand momen-
tum Af# and by assuming the energy and momentum of the isolated system of the
colliding photon—electron pair are conserved. Compton adopted a particle model
for something that was well known as a wave, and today this scattering phenom-
encn is known as the Compton effect. Figure 40.13 shows the quanmim picture of
the collision between an individual x-ray photon of frequency f;, and an electron.
In the quantum model, the eleciron is scartered through an angle ¢ with respect
to this direction as in a billiard-ball type of collision. (The symbal d nsed here iz
an angle and is not to be confused with the work funcrion, which was discussed in
the preceding section.) Compare Figure 40.13 with the two-dimensional collision
shown in Active Figure 9.11.

Figure 40.14 is a schematic diagram of the apparatus used by Compton. The
w-rays, scattered from a carbon arget, were diffracted by a rotating cryscal spec-
trometer, and the intensity was measured with an ionization chamber that gen-
erated a current proportional to the intensity. The incident beam consisted of
monochromatic x-rays of wavelength Ay = 0,071 nm. The experimental intensity-
versuswavelength plots obzerved by Compton for four scartering angles (corre-
sponding to @ in Fig. 40.13) are shown in Figure 40.15. The graphs for the three
nonzero angles show two peaks, one at A, and one at A" > A, The shified peak at
A" is caused by the scattering of x-rays from free electrons, which was predicted by
Compton to depend on scattering angle as

40.3 The Compton Effect

In 1919, Einstein concluded that a photon of energy E travels in a single direc-
tion and carries a momenium equal to B4 = &% In 1923, Arthur Hoelly Compron
(128892-1962) and Peter Debye (1884-1966) independently carried Einstein’s idea of
phown momennam further.

3- Blackbody radiation
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The opening o o cavicy
inside o hollow object s a
geod approximation of a
blnck by the hiole acts as
a perfect absorber.

Figure 40.1 & physical model of o
black body

i e o BTt g

Figure 40.2 The glow emanating
from the spaces betwesn these hot
charcaal briquettss is, toa close
approximation, blackbody radia-
tion. The color of the light depends
only on the temperature of the
briquertes

40.1 Blackbody Radiation and Planck’s Hypothesis

An object at any temperature emits eleciromagnetic waves in the form of thermal
radiation from its surface as discussed in Section 20.7. The characteristics of this
radiation depend on the emperature and properties of the object’s surface. Careful
siudy shows that the radiation consists of a continuous distribution of wavelengths
from all porticns of the eleciromagnetic spectrum. If the object is at room temper-
ature, the wavelengths of thermal radiation are mainly in the infrared region and
hence the radiation is not detected by the human eve. As the surface temperatire
of the objectincreases, the object evenmally begins to glow visibly red, like the coils
of a toaster. At sufficiently high temperatures, the glowing object appears white, as
in the hot mngsten filament of an incandescent lightbulb,

From a classical wiewpoini, thermal radiation originates from accelerated
charged particles in the atoms near the surface of the object: those charged par-
ticles emit radiation much as small antennas do. The thermally agitated pariicles
can have a distribution of energies, which accounts for the continuous spectrum of
radiation emitted by the object. By the end of the 19th century, however, it became
apparent that the classical theory of thermal radiation was inadequate. The basic
problem was in understanding the observed distribution of wavelengrhs in the
radiation emitted by a black body. As defined in Section 20.7, a black body is an
ideal system that absorbs all radiation incident onit. The electromagnetic radiation
emitied by the black body is called blackbo dy radiation.

A good approximation of a black body is a small hole leading o the inside of
a hollow object as shown in Figure 40.1. Any radiation incdent on the hole from
outside the cavity enters the hole and is reflected a number of times on the interior
walls of the cavity; hence, the hole actz as a perfect absorber. The nature of the
radiation leaving the cavity through the hole depends cnly on the temperature of
the cavity walls and not on the material of which the walls are made. The spaces
between lumps of hot charcoal (Fig. 40.2) emit light that is very much like black-
body radiation.

The radiation emited by oscillators in the cavity walls experiences boundary
conditions. As the radiation reflects from the cavity™s walls, standing electromag-
netic waves are established within the three-dimensional interior of the caviry
Many standing-wave modes are possible, and the distribution of the energy in the
cavity among these modes determines the wavelength diswribution of the radiation
leaving the cavity through the hole.

The wavelength distribution of radiation from cavities was studied experimen-
tally in the late 19th century. Active Figure 40.3 shows how the intensity of black-
body radiation varies with temperature and wavelength. The following two consis-
tent experimental findings were seen as especially significant:

4- Heisenberg Uncertainty Principal

Third question
Shows in details:
a) Length Contraction
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Length Contraction

The measured distance between two points in space also depends on the frame of
reference of the observer. The proper leagth L, of an object is the length measured
by an observer @ rest wlalive to the objecl. The length of an object measured by some-
one in a reference frame that is moving with respect to the object is always less than
the proper length. This effect is known as leagth contraction.

To understand length contraction, consider a spacecraft traveling with a speed
¢ from one star to another. There are two observers: one on the Earth and the
other in the spacecraft. The observer at rest on the Earth (and also assumed o be
at rest with respect 1o the two stars) measures the distance beiween the stars 1o be
the proper length Ly According to this observer, the time interval required for the
spacecraft o complete the voyage is At = L, /v The passages of the two stars by the
spacecraft oocur at the same position for the space traveler. Therefore, the space
traveler measures the proper time interval .’.'LEP. Because of time dilation, the proper
time interval is related to the Earth-measured time interval by -_‘I.EP = At/v. Because
the space traveler reaches the second star in the time -_*l.zr. he or she conchides that
the distance L bermween the stars is

At
IL=uw i=F= t'T

Because the proper length is Iy = v Af, we see that

LP_

L=— (39.9)

b)Time Dilation
Time Dilatlon

To illustrate that obhservers in different inertial frames can measure different time
intervals between a pair of events, consider a vehicle moving o the right with a
speed vsuch as the boxcar shown in Active Figure 39.6a. A mirror is fixed o the
ceiling of the vehicle, and observer & at rest in the frame atnached o the vehicle
holds a flashlight a distance d below the mirror. At some instant. the flashlighe
emits a pulse of light directed voward the mirror (event 1), and at some later time
after reflecting from the mirror, the pulse arrives back at the flashlight jevent 2).
Observer O carries a clock and uses it to measure the time incerval '_*I.l#. between
these twio events. (The subscript p stands for frager, as we shall see in a moment.)
We model the pulse of light as a particle under constant speed. Because the light
pulse has a speed ¢, the time interval required for the pulse to travel from O to the
mirror and back is

_ distance traveled 24

Ay, = SERETIVERC

— 39.5
# speed e (39.5)

Mow consider the same pair of events as viewed by observer &'in a second frame
at rest with respect oo the ground as shown in Active Figure 30.6b. According o this
obzerver, the mirror and the flashlight are moving to the right with a speed o, and
as a result. the sequence of events appears entirely different. By the time the light
from the flashlight reaches the mirror, the mirror has moved to the right a distance
v At/2, where At is the time interval required for the light w travel from @ o the
mirror and back to @ as measured by O Observer O concludes that because of the

Fourth question
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Write about Ruthford and Bohr Models of the Hydrogen Atom, showing
the differences between these models?

ever happened to me in my life. It was almost as incredible as if you fired a 15-inch
[artillery] shell at a piece of tissue paper and it came back and hit you”

Such large deflections were not expected on the basis of Thomson'smodel. Accord-
ing i that model, the positive charge of an atom in the foil is spread out over such
a great volume (the entire atom) that there is no concentration of positive charge
sirong encugh o cause any large-angle deflections of the positively charged alpha
particles. Furthermore, the elecirons are so much less massive than the alpha par-
ticles that they would not canse large-angle scattering either. Butherford explained
his astonishing results by developing a new aromic model, one that assumed the posi-
tive charge in the atom was concentrated in a region that was small relative to the
size of the atom. He called this concentraticn of positive charge the nucleus of the
atom. Ay electrons belonging o the atom were assumed o be in the relatively large
volume outside the nucleus, To explain why these elecirons were not pulled into the
miclens by the attractive electric force, Rutherford modeled them as moving in orbits
arcund the nuclens in the same manner as the planets orbit the Sun (Fig. 42 4b). For
this reason, this model is often referred o as the planetary model of the atom.

Tw basic difficulties exise with Futherford’s planetary model. As we saw in Sec-
tion 42,1, an atom emits (and absorbs) certain characteristic frequencies of electro-
magnetic radiation and no others, but the Rutherford model cannot explain this
phenomenon. A second difficuliy is that Rutherford's elecirons are undergoing a
centripetal acceleration. According to Maxwells theory of electromagnetism. cen-
ripetally accelerated charges revolving with frequency fshould radiate eleciromag-
netic waves of frequency £ Unformnately, this classical model leads 1o a predicrion
of self-destruction when applied to the atom. As the electron radiates, energy is car-
ried away from the atom, the radius of the electron's orbit steadily decreases, and
its frequency of revolution increases, This process would lead to an ever-increasing
frequency of emitted radiation and an ultimate collapse of the atom as the electron
plunges into the miclens (Fig. 42.5).

42.3 Bohr's Model of the Hydrogen Atom

Given the situation describved at the end of Section 42.2, the stage was set for Niels
Bohr in 1912 when he presented a new model of the hydrogen atom that circum-
vented the difficulties of Rutherford’s planetary model. Bohr applied Planck's ideas
of quantized energy levels (Section 40.1) to Butherford’s orbiting atomic electrons,
Bohr's theory was historically important @ the development of quanmm physics,
and it appeared to explain the speciral line series described by Equarions 42.1
through 424, Although Bohr's model is now considered obsolete and has been
completely replaced by a probabilistic quanmm-mechanical theory, we can use the
Bohr model 1o develop the notions of energy quantization and angular momentuim
quantization as applied o atomic-sized systems.

Bohr combined ideas from Planck’s ariginal quantum theory, Einstein's concept
of the photon, Butherford s planetary model of the atom, and Newtonian mechan-
ics o arrive at a semiclassical model based on some revolutionary ideas. The postu-
lates of the Bohr theory as it applies to the hydrogen atom are as follows:

1. The electron moves in circular orbits around the proton under the influ-
ence of the electric force of attraction as shown in Figure 42.6.

2. Only certain electron orbits are stable. When in one of these stationary
states, as Bohr called them, the electron does not emit energy in the form
of radiation, even though it is accelerating. Hence, the total energy of the
atom remains constant and classical mechanics can be nsed to describe the
eleciron’s motion. Bohr's model claims that the ceniripetally accelerated
electron does not continuously emic radiation, losing energy and eventually
spiraling into the nuclens, as predicied by classical physics in the form of
Furherford’s planetary model.

Becoume the accelerating
electron mdiates ENETgy, the
size of the orhit decrenses
untl the eleciron flls inm
the nucleus.

Figure 42.5 The classical madel of
the nuclear atom predices thar the
Ao decays.

The orbiting electron is allowed
to be only in specific orbits of
discrews radii.
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Figure 42.6 Diagram representing
Rohir's model of the hydrogen atom.
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