Basic Set 9 (Reflection and Refraction)

1. The diagram shows two plane mirrors making an angle of 120° and a ray incident on one of the mirrors at 50° with that mirror. The ray emerges after reflections from the two mirrors. Find the angle it makes with the second mirror.


[image: image1]
2. A man stands 10 ft in front of a mirror and walks 2 feet toward it. What is the distance between himself and his image now?

3. Draw two rays from the object O in the diagram below so that after reflections from the two mirrors they appear to diverge from an image.


[image: image2]
4. A person stands 3 feet away from a wall. A 1 foot long mirror hangs on the wall so that the top is at the same level as the person’s eyes. The eyes are 6 feet from the floor. What is the height of the lowest point on his body that the person can see in the mirror? 

5. A light ray is incident from water to glass with an angle of incidence of 40°. The refractive indices of water and glass are 1.33 and 1.50 respectively. Find the angle of refraction, the angle between the refracted ray and the interface, and the angle between the reflected ray and the interface.

6. The diagram shows a light ray incident from air to a 2” slab of glass (n=1.5) and transmitted back to air. The angle of incidence is 65°. Find the distance the ray travels in the slab.


[image: image3]
7. Light travels from a certain medium to air. It is found that the largest angle of incidence so that light can enter into the air is 55°. What is the refractive index of the medium, assuming that the same for air is 1.00?

8. The diagram shows a right angled glass prism (n=1.50) with a sharp angle of 10°. A ray is incident on the hypotenuse face perpendicularly to the base of the prism. Through what angle is the ray deflected when it emerges from the base?


[image: image4]
9. A coin at the bottom of a swimming pool appears to be at a depth of 2.0m when viewed directly above water. What is the depth of the pool? (Refractive index of water = 1.33)

10. A small light source is at the bottom of a 2m deep swimming pool. When viewed from air, what is the area on the surface through which the source is visible?

Answers:

1. 10° 

 2. 16 ft

4.   4 ft


5.    34.7°  55.3°   50°

6.  2.51”

7.  1.22

8.  5.03°

9.    2.66m

10.      16.3m2

Basic Set 10 (Thin Lens Equation)

For each of the next three problems, find the image distance, the nature of the image, and magnification using the lens equation. Also verify your results by graphical construction (ray tracing):

1. Convex lens, focal length = 5 cm, object distance = 12 cm

2. Convex lens, focal length = 5 cm, object distance = 4 cm

3. Concave lens, focal length = 10 cm, object distance = 5 cm

4. When a single lens camera is focused at infinity, the distance between the lens and the film is 1”. Should the lens be moved forward or backward in order to focus on an object 10’ away, and by how much? If the linear size of the object is 2’, what is the size of its image on the film?

5. The far point of a person is 40 cm. Is he near sighted or far sighted? What is the nature of the corrective lens he should wear? What is its focal length? How many diopter is the strength of the lens?

6. Referring to the previous problem, if the near point of the person without wearing glasses is 10 cm, what is the closest distance he can see when he wears the glasses?

7. The near point of a person is 75 cm. Is she near-sighted or far-sighted? What is the nature of corrective lens she should ear and what is its focal length?

8. How large in degree is the angle subtended at your eye by a 20’ tall tree that is 100 yd away?

9. If the tree in the previous problem is viewed through a telescope made up of an objective of focal length 1’ and an eyepiece of focal length 1.5”, how large is the angle subtended by the image at your eye when you view it through the eyepiece?

10. The focal length of a magnifying glass is 3 cm. What is its maximum magnifying power when used by a person whose near point is 20 cm?

11. The sun subtends an angle of 0.5º at the earth. What is the diameter of the spot it produces at the focal plane behind a convex lens of 2” focal length ?

Answers:

1. 8.57cm, -0.71, real and inverted.

2. 
20cm, 5, virtual and upright

3. 3.33 cm, 0.67, virtual and upright

4. 
forward, 0.008”

5. concave, 40cm, -2.5D



6. 
13.3 cm

7. convex, 37.5 cm



8. 
3.8º

9. 30.4º





10. 
7.67

11. 0.017”

Basic Set 11 (Physical Optics)

1. Sound wave of wavelength 30cm travels from point A to point B on a straight path. The distance between A and B is 5m.  What is the phase difference between A and B?


[image: image5]
2. The diagram shows two loudspeakers making sound waves of wavelength 30cm. The speakers oscillate in phase. Find the phase difference between the waves from the sources at the point P, which is 5m away from one and 7m away from the other source.


[image: image6]
3. In a double slit experiment, the wavelength of light is 660nm (red) and the distance between the slits is 0.2mm. Let 
[image: image7.wmf]q

 denote the angle made by parallel rays coming out of the slits and the normal to the plane of the slits. Find the value of 
[image: image8.wmf]q

 corresponding to the third order dark fringe in the interference pattern.


[image: image9]
4. If the interference pattern of the previous problem is formed on a screen placed 1.5m away from the slits, what is the distance between the third order dark fringe and the central bright fringe on the screen ?


[image: image10]
5. Find the spacing between neighboring dark fringes on the screen in the previous problem.

6. Using the same double slit and the same screen as the previous problems, but using monochromatic light of unknown wave length, it is found that the distance between the fourth order bright fringe and the central bright fringe is 1.00 cm. Find the wavelength.

7. A diffraction grating containing 500,000 lines per meter is used to resolve white light into different colors. Let 
[image: image11.wmf]q

 denote the angle made by parallel rays coming out of the slits and the normal to the plane of the grating. Find the value (values if more than one) of 
[image: image12.wmf]q

 at which violet light of wavelength 410nm can be seen. Repeat for red light of wavelength 660nm.ow many order 
8. In a single slit diffraction experiment, the wavelength of light used is 550nm (green). The slit width is 80µm. Find the angular width of the central diffraction peak. If the peak is displayed on a screen 25cm away from the slit, how wide is the central maximum on the screen?

9. In a double slit experiment, the width of individual slit is 80µm as in the previous problem, and the distance between the centers of the two slits is 0.2mm as in Problem 3. Green light of wavelength 550nm is used. How many dark fringes from interference of the two slits are visible within the central diffraction peak?

10.  Find the minimum diameter of the objective of a telescope in order to resolve two stars that have a angular separation of 0.001º, assuming yellow light of wavelength 580nm is used ?

11. Red light (λ=660nm) shines on a soap bubble. What is the minimum thickness of the soap film if no light is reflected directly backward? (refractive index of soap film = 1.33).

12. Red light (λ=660nm) shines on a soap film on a plane glass surface. No light is reflected directly backward. What is the minimum thickness of the soap film? (refractive index of glass = 1.50)

13. An air wedge is formed between two thin plates of glass using a strand of hair 50µm thick as shown.  When red light of wavelength 660nm shines on the glass plates, how many dark fringes can be seen from the light that is reflected backward

14. 
[image: image13]
Answers:
1). 240º


2). 241º

3). 0.66º

4). 1.74cm

5). 0.495cm

6). 333nm



7). 4, 11.8º,24.2º, 38.0º and 54.1º; 3, 12.7º,41.3º
and 81.9º

8). 7.8º, 0.34cm

9). 4


10) 4 cm

11). 0.248µm

12) 0.124µm

13) 152


Basic Set 12 (Special Relativity)

1. The maximum speed with which a pitcher can throw is 40 mph. While on a train traveling at 100 mph, he throws the ball forward (in the direction of travel) with maximum strength. What is the speed of the ball according to a ground observer? What is the answer if he throws the ball backward?

2. If the pitcher shines forward a light beam, what is the speed of the light beam according to the ground observer? What is the answer if he shines the beam backward?

3. In an optical bench, the distance between a light source and a screen is 5 ft. What is the time lag between the sending of the light signal and the receiving of the signal on the screen? (Speed of light = 1 ft/ns) 

4. If the optical bench together with the light source and the screen moves in the direction away from the light source, is the time lag more or less than when the bench is stationary?

5. An astronaut traveling in a rocket with speed 
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toward a distant star finds that the journey takes 4 years. How long is the travel time according to people on the earth? 

6. How far away is the star in the previous problem according to us and according to the astronaut? 

7. The distance of a star is 30 l.y. If it takes a rocket 45 years to reach the star according to earthlings, what is the speed of the rocket as a multiple of c? 

8. (Hard) The recently discovered planet Gliese 581-c has temperature range suitable for human. It is about 20 light years away. What must be the speed of a rocket that can reach the planet in 2 years according to the astronaut’s clock? Give your answer in a multiple of c. 

9. The half life of a certain radio-isotope is
[image: image15.wmf]s
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. If the speed of the isotope is 0.4c, what is the average distance traveled by a group of isotope before one half has decayed?

10. Repeat problem 1 if the train’s speed is 0.6c and the maximum speed of the ball is 0.2c. 

11. During exercise, a person loses 5000 Calorie. What is her loss of body mass? (1 Cal. = 4180 J)

12. The rest mass of a certain elementary particle is 5.51×10-27 kg. Find its rest mass energy in GeV (109 eV).  

13. Find the kinetic energy of a proton traveling at 
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 in MeV. (Hint: first find rest mass energy of proton in MeV, using mass of proton = 1.67×10-27 kg)

14. Find the speed of an electron whose kinetic energy is 1.5 MeV, given that the rest mass energy of electron is 0.51 MeV. Give your answer in a multiple of c. (Hint: first find the relativistic factor 
[image: image17.wmf]g

.

Answers:
1. 140mph, 60mph.
2. c in both cases

3. 5ns

4. more


5. 4.36 years

6. 
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7. 0.67c 


8.  0.995c

9. 3.27km



10. 0.71c, 0.45c

11. 2.3×10-10 kg
12.  3.1 GeV

13. 319 MeV


14. 0.97c
Basic Set 13 (Photons, Photoelectric Effect, Matter Waves) 

1. The wavelength of green light is 560nm. Find the energy of a photon of green light, both in J and in eV.

2. The energy of an X-ray photon is 20 keV. Find the frequency and wavelength.

3. Find the number of photons in a pulse of energy 4nJ, if the wavelength is that of red light at 660nm.

4. The work function of a metal is 5.4 eV. What is the threshold frequency for photoelectric effect? What is the minimum wavelength of light that can create  photoelectrons from the metal? 

5. If ultra-violet light of wavelength 150 nm shines on the metal of the previous problem, what would be the maximum kinetic energy of the photoelectrons in eV? What would be the stopping potential ? 

6. Find the de Broglie wavelength of an object of mass 1g traveling with 330 m/s, the sound speed in air. Would it be feasible to demonstrate the wave nature in a double slit experiment?

7. Repeat Problem 6 for neutrons with the same speed (called slow neutrons) Take mass of neutron to be 1.67×10-27 kg.

8. Repeat Problem 7 if the velocity of the neutron is two-third the speed of light. (Hint: use relativistic momentum)

9. Find the de Broglie wavelength of electrons with kinetic energy of 250 eV.

10. The wavelength of an X-ray photon is 2.0 nm. Find the momentum of the photon.

11. Find the kinetic energy in eV of a neutron that has a de Broglie wavelength of 0.10 nm.

Answers: 

1. 
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3. 
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5. 
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7. 
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10. 
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Basic Set 14 (Bohr’s theory, Atomic Structure, X-rays)

1. Find the energy and wavelength of photons emitted when electrons in a hydrogen atom undergo a transition from n=5 to n=3.

2. Repeat the previous problem for a doubly-charged lithium ion Li++. (Z=3).

3. What are the possible energies of photons emitted from a hydrogen atom in the state n=4?

4. Find the ionization energy of singly-charged helium ion He+ in the n = 3 state. 

5. What is the shortest wavelength of a photon that can ionize the helium ion of the previous problem?

6. How many electrons can exist in the n = 4 shell of a complex atom?

7. The magnetic quantum number of an electron is 
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8. Write down the ground state electronic configurations of (1) fluorine (F, Z=9); (2) sulpher (S, Z=16); (3) calcium (Ca, Z=20).

9. An X-ray machines uses electron beam of energy 30kV. What is the shortest wavelength of X-ray it can produce?

10. Can the X-ray machine in the previous problem produce the 
[image: image33.wmf]a
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line of tungsten (Z=74)?

11. Determine the energy and wavelength of the 
[image: image34.wmf]a
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line of tungsten (Z=74) 

Answers:

1. 
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3. 
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      8. (1) 1s22s22p5
(2) 1s22s22p63s23p4
(3) 1s22s22p63s23p64s2
      9. 
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10. No


11. 
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Basic Set 15 (Nuclear Physics)

1. Find the mass defect, binding energy, and binding energy per nucleon for 17Cl35 from the following atomic mass data: 

Atomic species

Mass in u

H



1.007825


n



1.008665

Cl35



34.968852
2. Find the energy released for each fusion reaction
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from the following atomic mass data:


Atomic species

Mass in u


n



1.008665


H2 



2.014102


H3



3.016050


He4



4.002603
3. Assuming each fission event of Pu239 (plutonium) releases 200MeV of kinetic energy, find the mass of Pu239 required to produce an energy yield of 20 kilo ton of TNT. (1 ton of  =  8×109 J) 

4. Find the kinetic energy of the alpha particle from the decay of Po210:
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Atomic species

Mass in u


Po210



209.982848


Pb206



205.974440


He4



4.002603

5. In the reaction    
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6. If the maximum kinetic energy of the electron in the previous problem is 0.27MeV, and the atomic mass of Th234 is 234.04359, what is the atomic mass of ZXY ?

7. The number of Rn222 nuclides is 5.0×1020 in a freshly prepared sample. How many nuclides remain and how many have decayed after 10 days given that the half life of Rn222 is 3.82d?  

8. Referring to the previous problem, how long does it take for the activity of the freshly prepared sample to be reduced to one fifth of its original value?

9. The number of radionuclides in a sample is found to be reduced to one tenth of its original value in 3.0 minutes. Find the decay constant and half life of the radionuclides.

10. Find the activity of (1) 5 mg of Rn222 (half life = 3.82d) ;  (2) 1 kg of U238 (half life = 4.51×108 y)

11.  The specific activity of carbon from an old cave painting is 0.084 Bq/g. Determine the age of the painting, from the fact that the specific activity of carbon from the atmosphere is 0.25 Bq/g and has remained constant in ages, and that the half life of C-12 is 5730y. 

Answers:

1. 
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10. 
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