










In-Class Quiz
• Read section 38.6 to the top of page 1229. Read sections 36.1–36.2.
• When an electromagnetic wave encounters atoms,
electrons are stimulated to oscillate along the direction of
the E-field polarization. (The figure depicts only one kind
of polarization; the E-field can also point in and out of the
page.) These oscillations cause atoms to radiate like dipole
antennas, which is responsible for reflections. Antennas
radiate energy out their sides, not out their ends, as shown.
When light is incident upon a material interface at
Brewster’s angle,
A. only one polarization can transmit into the material.
B. both polarizations transmit, but more of one than the
other.

Dipoles aligned this
way cannot radiate
in the reflected
direction.

Physics 123
HW #19, Due Mon, May 25

19-1. You wish to attenuate a polarized laser beam by inserting two polarizers. The second

polarizer is oriented to match the original polarization of the beam to ensure that the

final polarization remains unchanged. The first polarizer is then rotated through various

angles to control the intensity. Through what angle should the first polarizer be rotated

to reduce the final intensity by a factor of [01] ?

19-2. A prism is inserted into a polarized laser beam. The apex

angle φ is chosen so that the beam enters and leaves close to

Brewster’s angle. If the index of refraction is

n =[02] , what should be the apex angle φ?

19-3. A concave mirror has a radius of curvature of 60.0 cm. If the object is placed at

[03] cm, calculate (a) the image position and (b) the magnification. (c) Draw

a ray diagram.

Turn in part (c) on paper.



19-4. If the object is placed at [04] cm in front of the mirror in problem 19-3,

calculate (a) the image position and (b) the magnification. (c) Draw a ray diagram.

Turn in part (c).

HINT: Your diagrams for problems 19-3 and 19-4 should look similar to those shown

below. Consider two rays that leave the same point on the object. A ray traveling

parallel to the axis will pass through the focus after reflection, and a ray passing through

the focus will travel parallel to the axis after reflection. The two rays cross at the image.

Magnification is the ratio of the height of the image to that of the object (negative if

upside down).

19-5. A large concave mirror in the foyer of the Eyring Science Center images a dollar bill with

magnification M = −1. (If you have not seen it before, I recommend that you visit the

display.) The dollar bill is placed 170 cm from the mirror.

(a) Calculate the radius of curvature of the mirror.

(b) Draw a ray diagram for the setup. Turn in this part on paper.

In-Class Quiz
• Read sections 36.3–36.4.
• This question is not associated with the current reading assignment. An object is
located in front of a concave mirror. The image formed can occur
A. at the same location as the object with it any desired magnification.
B. behind the mirror, but only if it is upright.
C. in front of the mirror and be virtual.
D. in front of the mirror and be upright.



Physics 123
HW #20, Due Wed, May 27

20-1. An object placed 30.0 cm in front of a convex mirror produces a virtual image

[01] cm behind the mirror.

(a) What is the radius of curvature for the mirror?

(b) What is the magnification?

(c) Draw a ray diagram using different colors for the real and virtual rays. Turn in this

part on paper.

20-2. A concave mirror has a focal length of f = 40.0 cm.

(a) Find the position of the object that gives an image that is upright and

[02] times larger.

(b) Draw a ray diagram using different colors for the real and virtual rays.

(c) Repeat part (a) for a convex mirror with focal length f = −40.0 cm.

(d) Draw a ray diagram for part (c).

Turn in parts (b) and (d) on paper.

20-3. You are trapped in the wilderness and must spear fish in order to survive. While looking

into the water from directly above, a fish appears to be [03] cm below the

surface.

(a) How far below the surface is it in actuality?

(b) Draw a ray diagram. Turn in this part on paper.

20-4. A thin lens with index of refraction n is immersed in a fluid with index n′. Prove that

the focal length in this situation is given by

1
f

=
( n
n′
− 1
)( 1

R1
− 1
R2

)
.

Turn in this problem on paper.

In-Class Quiz
• Read sections 36.5–36.7.
• True or False: A near-sighted person has an advantage over a person with 20/20 vision
when looking at tiny objects up close.



Physics 123
HW #21, Due Wed, May 27

21-1. A converging lens has a focal length of 20.0 cm. If the object is at [01] cm,

(a) draw a ray diagram and find the (b) image distance and (c) magnification.

Turn in part (a) on paper.

HINT: The ray diagram will be similar to that shown below.

21-2. If the object in problem 21-1 is at [02] cm, (a) draw a ray diagram and find

the (b) image distance and (c) magnification.

Turn in part (a) on paper.

21-3. If the object in problem 21-1 is at [03] cm, (a) draw a ray diagram and find

the (b) image distance and (c) magnification.

Turn in part (a) on paper.

21-4. An object is located [04] cm to the left of a diverging lens having focal length

f = −32.0 cm.

(a) Find the location of the image.

(b) What is the magnification?

(c) Draw a ray diagram. Turn in this part on paper.

21-5. The eyes of an elderly person with 20/20 vision are only able to accommodate to a near

point of [05] cm.

(a) For such a person to be able to read a book at a distance of 30 cm, what must the

focal length of the corrective lens be?

(b) Give the power of the lens in diopters.

21-6. A near-sighted person has near and far points of 12 cm and [06] cm,

respectively. This defines the range over which the eye can accommodate.

(a) Find the the focal length of the lens that will move the far point to infinity.

(b) Find the power of the lens in diopters.

(c) With the lens in place, where is the new near point?



In-Class Quiz
• Read sections 36.8–36.10.
• This question is not associated with the current reading assignment. To correct the
vision of a near-sighted person, a lens should be chosen which has
A. a negative focal length with magnitude equal to the distance to the near point.
B. a negative focal length with magnitude equal to the distance to the far point.
C. a positive focal length with magnitude equal to the distance to the near point.
D. a positive focal length with magnitude equal to the distance to the far point.

Physics 123
HW #22, Due Fri, May 29

22-1. A thin lens with focal length [01] cm is used as a simple magnifier by holding

it close to the eye.

(a) Suppose that a person would like to relax the eye during viewing (focusing at ∞).

Where should an object be placed for viewing?

(b) What is the angular magnification (that is, the angular size of the image compared to

the case of holding the object at 25 cm with no lens)?

22-2. A microscope has an objective with focal length 3.00 mm and an eyepiece with focal

length [02] mm. The microscope is adjusted so that the eye is relaxed while

viewing.

(a) If the object is positioned 3.20 mm from the objective lens, how far apart should the

two lenses by separated? Please don’t assume L� fe as is done for Eq. 36.20.

(b) What is the angular magnification?



22-3. A Keplerian telescope uses an objective lens with positive focal length

fo = [03] cm and an eyepiece with positive focal length

fe = [04] cm. The first lens forms an image, which becomes the intermediate

image/object to be viewed through the second lens.

(a) When the telescope is used for looking at far-away objects, what is the value for qo
for the intermediate image/object?

(b) The eyepiece is positioned such that the final image occurs far away to be viewed

with a relaxed eye. What should be the value for pe to achieve this?

(c) Let h be the height of the intermediate object/image. Through the use of similar

triangles, the angular size of the original object θo is seen to be the same as h/qo, and the

angular size of the final image θe is seen to be the same as h/pe. What is the angular

magnification mθ of the telescope? Note |mθ| = θe/θo, where mθ is negative if the final

image is upside down. The small angles are greatly exaggerated in the figure.

22-4. A Galilean telescope is formed with an objective of focal length fo and an eyepiece of

focal length fe = −fo/3. In the diagram, the distance from point A to the objective lens

is fo. The distances from the objective lens to point B, from point B to the eyepiece lens,

and from the eyepiece lens to point C are all equal to fo/3.

(a) What is the angular magnification when the telescope is used to observe distant

objects?

(b) Is the final image upside down? (Note: the rays drawn are for convenience in problem

22-5.)



22-5. (a) Even though the telescope in problem 22-4 is designed to look at far-away objects, for

some strange reason you decide to look at an object 10 cm tall, which is located 2fo in

front of the objective lens. Complete the ray diagram below showing the relevant rays

and the position of the final image observed when looking through the eyepiece. Turn in

this part of the problem on paper.

(b) Now suppose that the objective lens has focal length fo =[05] cm. At

what position relative to the eyepiece does the final image occur? (Enter a negative

number if on the left.)

(c) What is its height?

In-Class Quiz
• Read sections 37.1–37.3 and 38.4.
• Monochromatic light is sent through a Young’s double-slit setup. The slit separation is
increased. The fringe pattern on a distance screen
A. narrows.
B. remains the same.
C. broadens.

Physics 123
HW #23, Due Fri, May 29

23-1. Suppose that you wish to determine the wavelength of monochromatic light using a

double slit with a separation of [01] mm. After the slit, the light travels

3.48 m to a screen. To obtain better accuracy, you measure the distance across 16

maxima (8 on each side of the center maximum) to be 16.8 cm. Find the wavelength.

23-2. A double slit is illuminated with light having a wavelength λ =[02] nm. When

you place a thin transparent membrane over one of the slits you notice that the maxima

and minima on a distant screen exchange places. If the membrane material has a

refractive index of n = 1.50, what is its minimum possible thickness?

peat
Pencil



23-3. Two narrow slits separated by 0.85 mm are illuminated with [03] -nm light.

The peak intensity on a screen 2.80 m away is 0.1 W/cm2. What is the intensity at a

distance 2.50 mm from the center of the central peak?

23-4. The diagram depicts a standard spectrometer setup. A lens (or concave mirror) following

a slit creates collimated light that strikes the grating (usually a reflective grating rather

than a transmission grating as shown). Suppose that the grating has

[04] lines/mm. Also suppose that you observe light from a sodium lamp

which has two strong emission lines at λ1 = 589.0 nm and λ2 = 589.6 nm.

(a) In the first diffraction order, what is the difference between the diffraction angles of

the two wavelengths (ignore the second lens)? HINT: See Eq. (38.10) where m = 1.

Don’t use the small angle approximation.

(b) To observe the two wavelengths well separated spatially, it is necessary to let the

light travel to a faraway screen. Because this can require very large distances, it is

convenient to image what would have appeared on the faraway screen to a closer screen

using a lens. The image appears at the focus of the lens, and the angular separation is

preserved, referenced from the position of the lens. If the final lens has a 30-cm focal

length, how far apart on the detector screen are the two sodium wavelengths?

(c) In order for these two peaks to be resolved (sharp enough not to overlap each other),

what is the minimum number of slits that must be illuminated? HINT: See Eqs. (38.11)

and (38.12).

peat
Pencil

peat
Cross-Out



In-Class Quiz
• Read sections 37.5–37.7.
• An oil film on water reflects different colors more or less brightly owing to interference,
which depends on the thickness of the film. In an outer region where the film is thinnest
(thin compared to visible wavelengths), all colors reflect brightly. From this information,
we can tell that the index of refraction of the oil is
A. less than that of water.
B. the same as that of water.
C. greater than that of water.

Physics 123
HW #24, Due Mon, June 1

24-1. It is desired to apply a single-layer coating to a glass optical component (n = 1.50) such

that the transmission of 600-nm light is maximized while the transmission of 450-nm

light is simultaneously minimized. What is the minimum coating thickness that will

accomplish this if magnesium fluoride is used which has an index of n = 1.38?

24-2. A wedged air space is created between two plates of glass, and a sample of hair is

inserted at one edge. The plates are illuminated from above with [01] -nm

light and reflections from the air wedge are observed.

(a) Will the fringe near where the plates touch be bright or dark?

(b) If a total of 25 dark fringes are observed (including the one in part (a) if it is dark),

what is the diameter of the hair?

24-3. A Michelson interferometer is used to carefully measure the wavelength of a single

spectral line from a source. A computer connected to a scanning motor and a detector

records [02] fringes as the motor causes the mirror to move by 1.000 mm.

What is the wavelength? Please give 4 significant figures on this problem.



24-4. Review Problem: A lens of focal length f1 = 10.0 cm is placed a distance

x =[03] cm before a lens of focal length f2 = −10.0 cm. An object is

positioned 15.0 cm before the positive lens.

(a) Make a ray diagram for the system. There will be an intermediate image and a final

image. Turn in this part of the problem on paper.

(b) At what position relative to the location of the negative lens does the final image

occur? (Enter a negative number if on the left.)

(c) Calculate the overall magnification Moverall = hfinal image/hobject.

In-Class Quiz
• Read sections 38.1–38.3.
• Consider the central peak in a diffraction pattern that appears on a far-away screen.
Which has the widest width?
A. The pattern formed by two narrow slits separated by spacing d.
B. The pattern formed by a single slit with width d.
C. The pattern formed by a circular hole with diameter d.
D. They all have the same widths.

Physics 123
HW #25, Due Mon, June 1

25-1. You wish to measure the width of a single narrow slit by observing the diffraction of

[01] -nm light on a screen 3.00 m away.

(a) What is the ratio of the width of the central peak to the width of individual side

peaks?

(b) With a ruler you measure 15.5 cm for the distance from the fourth dark fringe on one

side of the central maximum to the fourth dark fringe on the other side. What is the

width of the slit?



25-2. Coherent light with wavelength λ passes through a round hole and propagates to a

faraway screen.

(a) Draw a picture of the setup and resulting pattern.

(b) If the lens is placed after the hole, where will the diffraction pattern appear? Draw a

second picture. HINT: Consider the pattern that would have appeared on the distant

screen as an object, and find where its image will be.

(c) How does the angular width of the pattern change when the lens is inserted?

HINT: Please consider similar triangles on the ray diagram of part (b) to see that the

angular width is the same.

Turn in this problem on paper.

25-3. On the night of April 18, 1775, a signal was sent from the Old North Church steeple to

Paul Revere who was 1.8 miles away: “One if by land, two if by sea.” If in the dark,

Paul’s pupils had [02] -mm diameters, what is the minimum possible

separation between the two lanterns that would allow him to correctly interpret the

signal? Assume that the predominant wavelength of the lanterns was 580 nm.

NOTE: Although the wavelength is modified by the refractive index within the eye, the

angles between incident rays are also modified by a similar amount. The two effects

cancel each other, so you need not worry about it.

25-4. Grote Reber, a pioneer in radio astronomy, constructed a radio telescope with a 10-m

diameter receiving dish. What was the telescope’s angular resolution when observing

[03] -m radio waves?

25-5. The Hubble telescope has a primary objective with approximately 1-m diameter. What is

the angular resolution when observing visible light with wavelength [04] nm?

25-6. A HeNe laser as a wavelength of 633 nm. If the collimated beam has a diameter of

0.50 cm, estimate the radius of the beam after it travels [05] km.

In-Class Quiz
• Read and think about each problem on Practice Exam III.
• Complete at least two of the problems. (Do not turn in your work.)



Physics 123
HW #26, Due Fri, June 5

26-1. A clock is composed of a light bulb that sends a

new flash each time it senses its own flash reflected

from a mirror positioned above at a distance d. Let

the period of the clock in its own frame of reference

be ∆tp = 2d/c. The clock moves with speed v to

the right. An observer at rest sees the light

traveling along a triangular path as shown in the

figure with a period of ∆t. Use the principle of

relativity to derive a formula for time dilation (i.e.,

∆t = f(v)∆tp). Do not simply copy the proof from

the book. Please learn it and do it on your own.

Turn in this problem on paper.

26-2. In a laboratory, a muon is found to have an expected lifetime of 2.2 µs before it decays.

Suppose that a muon is created by a cosmic ray [01] km above the Earth.

What fraction of the speed of light must the muon travel if it is to reach the ground in its

expected lifetime? Express your answer as a number times c. Give your answer to 6

significant figures.

26-3. Astronauts travel at 0.950c from Earth to a star which is [02] ly away.

(a) How long does it take them to reach the star as observed by people on Earth?

(Earthlings know how much time it takes for a signal to reach them from the star, and

they do not include it as part of the travel time for the astronauts.)

(b) How long does the trip take from the perspective of the astronauts?

(c) How far apart are Earth and the star from the perspective of the astronauts as they

travel?



26-4. At Stanford Linear Accelerator, my former Ph.D. advisor was involved in experiments

where a high-intensity laser is aimed at electrons which approach almost straight-on with

a velocity of v = (1− 3× 10−10)c. In the lab frame, the time interval necessary for an

electron to cross sequential wavecrests of the light wave is Tlab = λlab/(c+ v), as you

would expect. Show that in the rest frame of the electron, that time interval is

Te =
λlab

c

√
1− v/c
1 + v/c

,

and hence the wavelength experienced by the electron is

λe = λlab

√
1− v/c
1 + v/c

.

This formula describes the Doppler shift for light, where v is the relative motion between

the source and observer. HINT: 1− v2/c2 = (1 + v/c)(1− v/c). Turn in this problem

on paper.

26-5. For problem 26-4, if the wavelength of the laser in the laboratory frame is

λLab =[03] µm, what is the wavelength of the laser in the rest frame of the

electrons?

In-Class Quiz
• Read sections 39.5–39.6.
• Harry Potter and Draco Malfoy pass each other on broomsticks with relative speed v.
Harry observes that Draco’s broom seems shorter according to the length contraction
formula L = Lp

√
1− v2/c2. Draco observes that Harry’s broom seems shorter, by the

same formula.
A. This is truly a paradox, and is the reason that Special Relativity is called a “theory.”
B. Actually, when used correctly, the formula shows that Draco’s broom must appear to
be lengthened when observed by Harry.
C. The issue is resolved because simultaneous events in one frame are not simultaneous
in another.



Physics 123
HW #27, Due Fri, June 5

27-1. Suppose our Sun is about to explode and we escape in a spaceship toward the star Tau

Ceti. When we reach the midpoint of our journey, which takes place at

v =[1] c, we see our Sun explode and, unfortunately, we see Tau Ceti explode

as well (we observe the light arriving from each explosion).

(a) In the rest frame of the Sun and Tau Ceti, which are 12 lightyears apart, did the

explosions occur simultaneously?

(b) In the spaceship frame of reference, did the explosions occur simultaneously?

(c) In the spaceship frame of reference, how long before we saw the Sun explode did it

actually explode? (Enter a positive value for times in the past.)

(d) In the spaceship frame of reference, how long before we saw Tau Ceta explode did it

actually explode? (Enter a positive value for times in the past.)

27-2. Two spaceships having rest length 100 m pass each other traveling opposite directions

with a relative speed of [02] c. As the front of the spaceships just cross, each

pilot sets off a small flare at the back of her own ship, synchronized to the same instant

(t = 0 in her own frame).

(a) To each pilot, when does the flare of the back of the other ship occur (negative if in

the past)?

(b) To each pilot, how far in front does the flare of the back of the other ship occur?

27-3. In the laboratory frame, two particles produced by an accelerator travel in opposite

directions, one with a speed of [03] c and the other with speed 0.9980c. In the

rest frame of either particle, what is the relative speed as a number times c? Give your

answer to 6 significant figures.

27-4. In an accelerator, an electron experiences a constant electric field of E = 1.00 MV/m.

What is its speed (a number times c) after [04] ns assuming it starts from

rest? HINT: The force on the electron is F = qE, where q = 1.60× 10−19 C is the

electron charge. Note that a megavolt per meter is the same as 106 N/C. Eq. (39.20) is

trivially integrated since F is constant.



In-Class Quiz
• Read sections 39.8–39.10.
• A decade after his development of what we now call “Special Relativity,” Einstein
developed “General Relativity” which allows one to deal with accelerating frames of
reference. He ingeniously asserted that
A. there is energy in mass according to E = mc2 and this led to general relativity.
B. there is no physical difference between a gravitational force and a force caused by the
acceleration of a frame of reference.
C. light from a distant star will bend as it passes near the Sun on its way to the Earth
(viewed during an eclipse) because of the bright light emitted by the Sun.

Physics 123
HW #28, Due Mon, June 8

28-1. It was known before Einstein’s time that light carries momentum,

which is connected to the transported energy through p = E/c.

Consider an enclosed box of mass M on a frictionless surface (or

in deep space). Inside the box, a flash of light with energy E is

emitted from one wall and is absorbed at the opposite wall.

Construct a short proof to show that in order for the center of

mass of the isolated system (the box) to remain unchanged, the

light must move a mass m from one wall to the other according

to the relation E = mc2. Be sure that you can do this proof by

heart. Turn in this problem on paper.

28-2. Consider an electron which has been accelerated to a total energy of [01] GeV.

(a) What fraction of the electron’s energy is due to its rest mass (i.e., the ratio of rest

energy to total energy)?

What is the momentum (b) in kg ·m/s and (c) in GeV/c?

(d) The speed of the electron can be written in the form v = (1− δ)c? Find the value

of δ. HINT:
√

1 + x ≈ 1 + x/2 when x is small.

28-3. A pion particle with rest energy 138 MeV decays into a muon (rest energy 105 MeV) and

an antineutrino (negligible rest energy). Use conservation of energy and momentum to

find

(a) the energy of the antineutrino and

(b) the speed of the muon (a number times c).



28-4. A photon collides with an electron that is at rest. The photon imparts momentum to the

electron, and a new photon recoils in the opposite direction (exactly backward relative to

the incoming photon). Show that the momentum of the recoiling photon p′photon is

related to the momentum of the incident photon pphoton through

1
p′photon

− 1
pphoton

=
2
mec

.

Turn in this problem on paper.

In-Class Quiz
• Read sections 40.1, 40.2.
• One of the earliest clues of quantum physics came when scientists tried to understand
the nature of thermal radiation (which you studied briefly in section 20.7). Scientists
tried to explain the light emitted from hot objects by requiring the material to be in
thermal equilibrium with the surrounding light field. The attempt failed miserably when
using classical mechanics. Planck guessed a formula that fit the experimental data, and
then notices that he could derive the formula only if
A. there is no light above a cutoff frequency given by the work function.
B. he made a mistake in the algebra.
C. the light field at a given frequency f can accommodate any amount of energy.
D. the light field at a given frequency f takes on discrete values for energy, separated
by hf , where h is an experimentally determined constant.

Physics 123
HW #29, Due Mon, June 8

29-1. What is the energy of a photon

(a) broadcast by a radio station at [01] kHz?

(b) in the infrared with wavelength [02] µm?

(c) of visible light with wavelength [03] nm?

29-2. (a) What is the energy of an x-ray photon with wave wavelength [04] nm?

(b) What is the wavelength of a gamma ray with energy [05] MeV?



29-3. A perfect black body is an object which does not reflect or scatter light but absorbs and

re-emits light of any wavelength. The temperature of the object determines the

wavelengths at which it radiates. Use Eq. (40.3) to derive Wien’s displacement law

(Eq. (40.1)) which specifies the wavelength where the maximum amount of radiation

takes place. HINT: Find the wavelength where Eq. (40.3) is maximum. When setting the

derivative to zero, you will get an equation of the form (5− x)ex = 5, which is satisfied

when x = 4.965. Turn in this problem on paper.

29-4. A star can be considered a black body radiator. A particular star similar to our Sun

most strongly radiates at a visible wavelength of [06] nm. What is its surface

temperature?

29-5. Use Eq. (40.3) to derive Stefan’s law (Eq. (20.18)) which you already used in Chap. 20 to

calculate the effects of thermal radiation for heat flow. Assume a perfect black body

which has emissivity of e = 1. Turn in this problem on paper.

HINT: Eq. (40.3) gives intensity per wavelength, so to find the total intensity for all

wavelengths, one must integrate

Itotal =
∫ ∞

0

Iλ dλ.

The following integral formula is handy:∫ ∞
0

dx

x5(ea/x − 1)
=

π4

15a4
.

Also, remember that intensity is power per area.

29-6. If a star similar to our Sun has a radius of R = 6.96× 108 m and its surface temperature

is [07] K, find the total power that it radiates.

29-7. A certain metal has a work function of [08] eV.

Find (a) the cutoff wavelength and (b) the threshold frequency for the photoelectric

effect.

(c) Calculate the stopping potential if the incident light has a wavelength of 480 nm.



In-Class Quiz
• Read sections 40.3, 42.1–42.3.
• Why were Rutherford’s alpha particle scattering results so surprising?
A. Rutherford’s results suggested that the positive charge in an atom is spread over a
large volume with embedded electrons like “seeds-in-a-water-melon.”
B. Classical physics suggests that electrons in orbit around a nucleus will radiate energy
and quickly spiral into the nucleus.
C. Bohr’s model of the atom contradicts Rutherford’s scattering experiment.

Physics 123
HW #30, Due Wed, June 10

30-1. X rays having energy 300 keV undergo Compton scattering from a target. If the

scattered x rays are detected at [01] ◦ relative to the incident rays, find

(a) the Compton wavelength shift.

(b) the energy of the scattered x rays.

(c) the kinetic energy of the recoiling electrons for this angle.

30-2. A photon with wavelength [02] nm collides with an electron in a Compton

scattering event. The recoiling photon emerges at θ = 90◦ with respect to the direction of

the incident photon. What angle does the recoiling electron make with respect to the

direction of the incident photon?

30-3. A hydrogen atom is excited to the n = 6 state. It then undergoes a transition to the

n = 2 state and a photon is emitted.

(a) What is the energy of the photon?

(b) What is the wavelength of the photon?

30-4. A hydrogen atom is in the n = 2 state. Using the Bohr theory of the atom, calculate

(a) the radius of the orbit.

(b) the kinetic energy of the electron.

(c) the potential energy of the electron (negative).

(d) the total (or binding) energy of the electron (negative).



In-Class Quiz
• Read sections 40.5–40.8.
• De Broglie’s hypothesis
A. confirmed that photons have no rest mass.
B. gave justification for the quantization rule in the Bohr model of the atom.
C. explained the photoelectric effect.

HINT: On a test, you should be able to give a short mathematical derivation in support
of your answer. Look at the figure on page 577. Think of the de Broglie wavelength as
needing to fit neatly around an orbital circle, to form a standing wave pattern.

Physics 123
HW #31, Due Wed, June 10

31-1. An electron microscope is used to probe tiny structures. The microscope takes into

account the fact that electrons have wave characteristics similar to light. The resolution

of the microscope is limited to about a wavelength: diffraction prevents you from seeing

objects with dimensions smaller than a wavelength. Electrons are much less energetic

than photons with the same wavelength. Thus, if you want to resolve small objects while

minimizing damage, say to a biological sample such as a cell, there is an advantage to

using electrons instead of photons.

(a) What is the minimum kinetic energy of electrons necessary to resolve structures of

the size [01] nm. (Assume that the wavelength of the electron must be equal

to this size.) HINT: Relativistic kinematics is not necessary.

(b) What is the minimum energy of photons necessary to resolve the same structures?

31-2. An oscilloscope is modified to perform an electron interference experiment. Electrons are

incident on a pair of narrow slits 0.060 µm apart. The electrons are accelerated through

[02] V before they arrive at the slits. How far apart will adjacent bright

bands in the interference pattern be separated if the screen is 20 cm from the slits?

HINT: The classical expression for momentum is okay since the voltage is far below

511 kV, which would provide energy equivalent to the electron rest energy.
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31-3. A very intense laser pulse has photons with energy [03] eV. Helium has a

binding energy (or work function) of 24 eV. Because the laser photon energy is far below

the work function, it would seem that the laser should not be able to ionize helium, yet

because of the extreme intensities involved, it can. The explanation lies in the

uncertainty principle: ∆E∆t ≥ h̄/2.

(a) How many photons are required to provide enough energy for ionization? (Round up

to an integer number of photons.)

(b) In what period ∆t must the photons arrive at the atom to force the uncertainty in

energy to be this great?

(c) What laser intensity is necessary (in units of W/cm2) assuming that the effective

absorbing area of the atom is a circle with the Bohr radius? HINT: Recall that intensity

is energy per time deposited on a given area (i.e., I = (∆E/∆t)/A).

31-4. An electron is captured and held by a nucleus of diameter 5.0× 10−15 m.

(a) Use the uncertainty principle to determine whether the electron motion is relativistic

or nonrelativistic.

(b) Are the motions of neutrons or protons in the nucleus relativistic or nonrelativistic?

31-5. A sample of atoms excited to a particular state emit photons having an energy spread of

[04] eV as the atoms make the transition to a lower state. What is the

lifetime for the transition?

In-Class Quiz
• Read sections 44.1, 44.3–44.5. Note: In Table 44.1, the mass of the nucleus plus the
mass of two electrons is equal to the mass of the 4

2He atom given in Table A.3 of
Appendix A.
• Iron has the most stable nucleus from the point of view that its constituents are bound
with the highest energy per nucleon. Fusion, the joining of nuclei to form larger ones,
without the net input of external energy tends to be possible for
A. elements which are lighter than iron.
B. iron.
C. elements which are heavier than iron.



Physics 123
HW #32, Due Fri, June 12

32-1. (a) Calculate the binding energy per nucleon for 2H. HINT: Please refer to Table A.3 in

Appendix A. Be aware that the table includes the mass of the electrons in orbit about

the nuclei. Before using Eq. (44.4), you will need to remove this excess mass.

I recommend that you do it by replacing mp in Eq. (44.4) with m1H. Then the electron

masses will be canceled automatically.

(b) Repeat for 4He.

32-2. 56Fe is located at the peak of the stability curve. Show that 56Fe has a higher binding

energy per nucleon than its neighbors, 55Mn and 59Co. Turn in this problem on

paper.

32-3. (a) Can the decay process 238
92 U→ 234

90 Th + 4
2He occur spontaneously without the need for

external energy? HINT: If the resulting nuclei are bound with more energy (negative),

then energy is released in the process.

(b) Can the process 98
44Ru→ 94

42Mo + 4
2He occur spontaneously?

32-4. Cosmic rays continuously generate 14
6 C in the upper atmosphere. This effect causes the

ratio of 14
6 C to 12

6 C in the carbon dioxide of the atmosphere to remain roughly constant

at about 1 part in 7.7× 1011 even though 14
6 C decays with a half-life of 5730 y. Tissues of

living organisms interact directly or indirectly with the atmosphere, so the ratio of 14
6 C to

12
6 C tends to be the same in organisms. However, upon death the exchange of carbon

with the atmosphere ceases and the number of 14
6 C atoms decays. The skeleton of a

mammoth is found to have [01] % as much 14
6 C as the atmosphere. Assuming

that the concentration of 14
6 C in the atmosphere has remained constant, how long ago did

the mammoth live?

32-5. (a) The half life of iodine-131 is 8 days. How many micrograms of iodine-131 are required

to produce a sample with an activity of [02] Ci? You may use 132 g for the

molar mass of iodine-131.

(b) How long until the activity decreases to 90%?

(c) What is the activity after 32 days?



In-Class Quiz
• Read sections 44.6, 44.7. Browse Chapter 45.
• Radon (222Rn) is an inert noble gas, which comes up through the Earth’s crust and can
enter people’s houses. Radon is dangerous to breathe because it has a half-life of about
4 days.
A. If a home has a radon gas problem, it is only necessary to wait for a period much
longer than 4 days and the problem will go away.
B. Radon gas in people’s homes is a problem because of the mining of fissionable
materials.
C. Radon gas is very corrosive chemically.
D. None of the above.

Physics 123
HW #33, Due Fri, June 12

33-1. Identify the missing nuclide or particle (X):

(a) 215
84 Po→ X + 4

2He.

(b) X → 55
26Fe + β+ + ν.

(c) 4
2He + 14

7 N→ 17
8 O +X.

(d) 109
48 Cd +X → 109

47 Ag + ν.

For parts (a) through (c) type the chemical symbol followed by the mass number (no

spaces). For example Na23, not Na 23 or na23 or NA23. Part (d) is multiple choice.

33-2. 80
35Br is one of the few nuclides that can decay via any of the three β decay processes:

electron emission, electron capture, and positron emission. Calculate the energy released

(Q) by each of the interactions. You will need M80
35Br = 79.918528 u since it is not listed

in Table A.3.

(a) 80
35Br→ 80

36Kr + e− + ν̄. CAUTION: The mass of 80
35Br given above includes

35 electrons, and the mass of 80
36Kr obtained from Table A.3 includes 36 electrons. You

can think of the emitted electron as becoming the 36th electron for the krypton.

(b) 80
35Br + e− → 80

34Se + ν. CAUTION: The mass of 80
35Br includes the electron which gets

captures by the nucleus.

(c) 80
35Br→ 80

34Se + e+ + ν. CAUTION: The mass of 80
34Se does not include the positron,

nor does it include an outer electron of bromine that wanders away after the positron.

33-3. Calculate the energy released in the D-T fusion reaction, 2
1H + 3

1H→ 4
2He + n.
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33-4. (a) How much energy is required to overcome the Coulomb repulsion to allow D-T

fusion? Assume that the strong force “turns on” when the particles get within

1.0× 10−14 m. HINT: Check your work with Example 45.2.

(b) Estimate the temperature required if the energy is shared equally by the two particles

and in each case is equal to 3
2kBT . HINT: Check your work with Example 45.2.

33-5. The yield of a nuclear weapon is expressed in terms of the energy released by a megaton

of TNT, where 1.00 megaton of TNT = 4.3× 1015 J. How many kilograms of 235
92 U are

required to make a 1-megaton bomb? Assume that each uranium atom releases 200 MeV

of energy as it fragments into a host of smaller nuclides.

33-6. The movie, “Armageddon” depicts an asteroid the size of Texas heading toward Earth.

A team of “experts” plants a nuclear warhead in the asteroid’s interior. The detonation

splits the asteroid into two halves and imparts enough momentum so that each fragment

misses the Earth by passing to either side one day later. Take the mass of the asteroid to

be ma = me/203, since Texas is about 1
20 the diameter of Earth. The velocity imparted

to each fragment is at least one Earth radius per day (ignoring energy required to

overcome gravity). How many 20-megaton bombs are associated with the combined

kinetic energy given to both fragments? (I don’t recommend the movie.)

In-Class Quiz
• Read and think about each problem on Practice Exam IV.
• Complete at least two of the problems. (Do not turn in your work.)
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Answers to Homework Problems, Physics 123, Spring Term, 2009

1-1. 60.0, 95.0%
1-2. 90, 140 cm2

1-3. 150, 400 tons
1-4a. 7.0, 10.0 m
1-4b. 500, 800 mm
1-5. 10, 30 m
2-1. 3.50, 6.00 g/cm3

2-2a. 300, 600 kg
2-2b. 25, 50 kg
2-3a. 35.0, 40.0 N
2-3b. −3.5, −7.5 N
2-4. 60.0, 80.0%
3-1. 1.00× 105, 2.20× 105 Pa
3-2. 90, 130 min
3-3a. 1.00× 107, 2.00× 107 Pa
3-3b. 690, 870 kW
3-4. 90, 120 m/s
4-1a. 5.0, 15.0 cm
4-1b. 300, 600 cm
4-1c. 10.0, 16.0 s
4-1d. 20.0, 60.0 cm/s
4-2a. 10, 30 cm
4-2b. 1.0, 3.0 s−1

4-2c. 0.010, 0.025 cm−1

4-2d. 3.0, 4.0 rad
4-3. 70, 110 ft/s
5-1. 300, 360 m/s
5-2a. 2.00× 1011, 3.00× 1011 N/m3

5-3. 1.0× 105, 10.0× 105 ± 0.1× 105

5-4a. 90, 110 m
5-4c. 0.040, 0.400 W
5-5. 50, 70 dB
6-1a. 40.0, 70.0 m/s
6-1b. 920, 990 Hz
6-2a. 800.0, 910.0 Hz
6-2b. 800.0, 910.0 Hz
6-2c. 800.0, 910.0 Hz
6-3. 1.50, 5.50 s
6-4. 1.3, 3.0
7-1b. 3.00, 4.50 m
7-2a. 2.0, 6.0 Hz
7-2b. 1.00, 2.50 m/s

7-3a. 520.0, 530.0 Hz
7-3b. −0.5, −2.0 %
8-1a. 50.0, 70.0 cm
8-1b. 60.0, 90.0 m/s
8-2a. 2.0, 7.0 cm
8-2b. −3.0, −5.0%
8-3a. 6.0, 12.0 m
8-3b. 3.0, 6.0 m
8-4. 450, 700 Hz
8-5. 4.0, 6.0 cm
9-1. 20.0, 30.0 psi
9-2. 100, 200 ◦C
9-3a. 700, 1500± 10 N
9-3b. 440.0, 445.0 Hz
9-4. 20, 90 mm
10-1. 1.5, 3.0 km
10-2. 40, 70◦C
10-3. 20.0, 30.0◦C
10-4a. 15.0, 25.0 ◦C
10-4b. 0, 0◦C
11-1. 50, 80 s
11-2. 30, 100◦C
11-3. 70, 90◦F
11-4a. 0.010, 0.050◦C/s
11-4b. 0.5, 2.5◦C/s
12-1a. 150, 270 K
12-1b. 150, 450 J
12-2a. 900, 1600± 10 J
12-2b. 900, 1600± 10 J
12-3. −250, −650 J
12-4a. 5.0, 12.0 L
12-4b. 2.00, 5.00 atm
13-1. 1.50× 109, 3.00× 109 molecules
13-2a. 2.50× 1023, 4.00× 1023

13-2b. 5.50× 10−21, 7.50× 10−21 J
13-2c. 1200, 1500± 10 m/s
13-2d. 1200, 1500± 10 m/s
13-4a. 1.5× 1012, 3.5× 1012

13-4b. 1.5× 106, 3.5× 106 m
14-2a. 6.0, 7.0 L
14-2b. 3.0, 5.0 kJ
14-2c. 1.10× 106, 1.50× 106 Pa



14-3. 20, 60◦F
14-4a. 5.0, 12.0 kJ
14-4b. 3.0× 106, 9.5× 106 Pa
14-4c. 700, 1200± 10 K
14-4d. 5.0, 12.0 kJ
15-1a. 30, 50%
15-1b. 300, 600◦C
15-2a. 100, 999 kPa
15-2b. 100, 999 K
15-2c. 100, 999 kPa
15-2d. 100, 999 K
15-2e. 10.0, 99.9 L
15-3a. 1000, 9990± 10 J
15-3b. −1000, −9990± 10 J
15-3c. 1000, 9990± 10 J
15-3d. 1000, 9990± 10 J
15-4a. 20, 30%
15-4b. 20, 30%
16-1b. 0.450, 0.550
16-3b. 1.50, 2.50
16-4. 350, 550 W
17-1a. 6.0, 11.0 J/K
17-1b. 6.0, 11.0 J/K
17-1c. 6.0, 11.0 J/K
17-2. 8.0, 13.0 J/K
17-3. 4.0, 12.0 J/K
17-4a. 1.5× 1027, 3.0× 1027

17-4b. 4.5× 104, 9.5× 104 J/K
18-1. 6.0, 11.0 mm
18-2a. 4.00× 1014, 5.00× 1014 Hz
18-2b. 1.50× 108, 2.50× 108 m/s
18-2c. 4.00× 1014, 5.00× 1014 Hz
18-2d. 350, 500 nm
18-3. 1.5, 4.0◦

18-4a. 1.00, 2.00 m
19-1. 30, 50◦

19-2. 60.0, 70.0◦

19-3a. 40, 60 cm
19-3b. −0.40, −0.80
19-4a. −10, −60 cm
19-4b. 1.5, 3.0
19-5a. 50, 400 cm

20-1a. −30.0, −60.0 cm
20-1b. 0.30, 0.50
20-2a. 25.0, 35.0 cm
20-2c. −25.0, −35.0 cm
20-3. 50, 80 cm
21-1b. 25.0, 40.0 cm
21-1c. −0.40, −0.80
21-2b. 40.0, 100.0 cm
21-2c. −1.20, −4.00
21-3b. −6.0, −60.0 cm
21-3c. 1.20, 4.00
21-4a. −10.0, −15.0 cm
21-4b. 0.50, 0.70
21-5a. 40, 80 cm
21-5b. 1.0, 2.5 diopters
21-6a. −20, −30 cm
21-6b. −3.0, −5.0 diopters
21-6c. 20, 30 cm
22-1a. 4.0, 7.0 cm
22-1b. 4.0, 7.0
22-2a. 60.0, 80.0 mm
22-2b. −100, −200
22-3a. 120, 160 cm
22-3b. 9.0, 13.0 cm
22-3c. −20.0, +20.0
22-4a. 3.00, 3.00
22-5b. −10.0, −25.0 cm
22-5c. 3.00, 6.00 cm
23-1. 600, 800 nm
23-2. 500, 600 nm
23-3. 0.000, 0.100 W/cm2

23-4a. 0.040, 0.120◦

23-4b. 200, 600± 10 µm
23-4c. 800, 1000± 10
24-1. 100, 900 nm
24-2b. 6.0, 9.0 µm
24-3. 500.0, 700.0 nm
24-4b. −20.0, −30.0 cm
24-4c. 2.0, 4.0
25-1b. 70, 110 µm
25-3. 0.1, 1.0 m
25-4a. 5, 30◦



25-5a. 3.5× 10−5, 5.0× 10−5 degrees
25-6a. 0.5, 2.5 m
26-2. 0.999850c, 0.999950c
26-3a. 6.00, 9.50 y
26-3b. 1.50, 3.50 y
26-3c. 1.50, 3.50 ly
26-5. 0.010, 0.070 nm
27-1c. 1.5, 25.0 y
27-1d. 1.5, 25.0 y
27-2a. −0.60, −1.10 µs
27-2b. 200, 350± 10 m
27-3. 0.999940c, 0.999980c
27-4. 0.940c, 0.995c
28-2a. 1.0× 10−5, 3.0× 10−5

28-2b. 1.0× 10−17, 3.0× 10−17 kg ·m/s
28-2c. 20, 50 GeV/c
28-2d.
0.5× 10−10, 4.0× 10−10 ± 0.2× 10−10

28-3a. 20, 50 MeV
28-3b. 0.10, 0.50c
29-1a. 4.0× 10−9, 7.0× 10−9 eV
29-1b. 0.050, 0.090 eV
29-1c. 1.50, 3.00 eV
29-2a. 800, 2500± 10 eV
29-2b. 0.00050, 0.00150 nm
29-4. 4000, 6000± 10 K
29-6. 2.00× 1026, 5.00× 1026 W
29-7a. 600, 900 nm
29-7b. 3.00× 1014, 5.00× 1014 Hz
29-7c. 0.50, 1.10 V
30-1a. 3.00× 10−13, 9.00× 10−13 m
30-1b. 200, 300 keV
30-1c. 20, 60 keV
30-2. 30.0, 40.0◦

30-3a. 1.00, 5.00 eV
30-3b. 400, 500 nm
30-4a. 0.200, 0.300 nm
30-4b. 3.00, 4.00 eV
30-4c. −5.00, −8.00 eV
30-4d. −3.00, −4.00 eV
31-1a. 0.1, 2.0 eV
31-1b. 300, 1500± 100 eV
31-2. 0.20, 0.60 mm

31-3a. 10, 30
31-3b. 1.0× 10−17, 2.0× 10−17 s
31-3c. 3.0× 1015, 4.0× 1015 W/cm2

31-5. 1.0× 10−11, 4.0× 10−11 s
32-1a. 1.00, 2.00 MeV
32-1b. 5.00. 8.00 MeV
32-4. 10000, 20000± 100 y
32-5a. 5, 50 µg
32-5b. 0.5, 2.0 days
32-5c. 0.05, 0.40 Ci
33-2a. 0.50, 2.50 MeV
33-2b. 0.50, 2.50 MeV
33-2c. 0.50, 2.50 MeV
33-3. 10.0, 20.0 MeV
33-4a. 100, 200± 10 keV
33-4b. 3.0× 108, 7.0× 108 K
33-5. 30, 90 kg
33-6. 1.0× 107, 3.0× 107




