ZCT 104/3E Modern Physics

II Semester Examination

Sessi 2003/04

School of Physics, USM

Lecturer in charge: Dr. Yoon Tiem Leong

Duration: 3 hours

Answer all questions

Section IA (OBJECTIVES) (40 marks)
1. A spaceship of proper length Lp takes t seconds to pass an Earth observer. What is its speed as measured by the Earth observer according to classical physics?
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E. Non of the above
ANS: A, Serway solution manual 2, Q9A, pg. 336
2. In Question 1, what is its speed as measured by the Earth observer according to special relativity?
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E. Non of the above

ANS: B, Serway solution manual 2, Q9A, pg. 336

3. What is the momentum of a proton if its total energy is twice its rest energy?

A. 1620 Ns 
B. 1 MeV/c
C. 938 MeV/c

D. 2 MeV/c

E. 1620 MeV/c
ANS: E, Serway solution manual 2, Q21, pg. 339
4. The power output of the Sun is 
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 W. How much rest mass is converted to kinetic energy in the Sun each second?
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ANS: A, Serway solution manual 2, Q37, pg. 340

5. What is the value of hc/e in unit of 
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ANS: C, my own question
6. By what factor is the mass of an electron accelerated to the speed of 0.999c larger than its rest mass?  

A. 31.6

B. 0.03

C. 0.04

D. 22.3

E. 1.0

ANS: D, my own question

7. The rest mass of a photon

A. is zero 

B. is the same as that of an electron

C. depends on its frequency

D. depends on its energy 

E. Non of the above
ANS: A, Modern physical technique, Beiser, MCP 6, pg. 801

8. Determine the vacuum wavelength corresponding to a -ray energy of 1019 eV 
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ANS: D, Schaum’s 3000 solved problems, Q38.3, pg. 708

9. To produce an x-ray quantum energy of 10-15 J electrons must be accelerated through a potential difference of about 
A. 4 keV

B.  6 keV 
C. 8 keV 
D. 9 keV 
E. 10 keV
ANS: B, OCR ADVANCED SUBSIDIARY GCE PHYSICS B (PDF), Q10, pg. 36
Question 10– 12 

A. 10-4 m

B. 10-7 m 

C. 10-10 m 

D. 10-12 m 

E. 10-15 m

10. Which of the values in the list above is the best estimate of the radius of an atom? 
ANS: C, OCR ADVANCED PHYSICS B (PDF), Q1, pg. 74
11. Which of the values in the list above is the best estimate of the wavelength of visible light? 
ANS: B, OCR ADVANCED PHYSICS B (PDF), Q1, pg. 74
12. Which of the values in the list above is the best estimate of the wavelength of a 1.5 MeV electron?

ANS: D, OCR ADVANCED PHYSICS B (PDF), Q1, pg. 74
13. What is the momentum of a single photon of red light ( =  
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B.  6 keV 
C. 1240 eV/c
D. 1.65 eV/c 
E. 2.4 eV/c
ANS: D, Schaum’s 3000 solved problems, Q8.12, pg. 709

14. What potential difference must be applied to stop the fastest photoelectrons emitted by a nickel surface under the action of ultraviolet light of wavelength 2000 
[image: image25.wmf]o

A

? The work function of nickel is 5.00 eV.

A. 1.0 kV 
                  B. 1.2 kV 
C. 2.0 V 
D. 1.0  V
E. 1.2 V
ANS: E, Schaum’s 3000 solved problems, Q38.18, pg. 710

15. What is the kinetic energy of the fastest photoelectrons emitted by a copper surface, of work function 4.4 eV when illuminated by visible light 0f 700 nm?

A. 1.17 eV 
B. 6.17 eV 
C. 1.17 eV 
D. 1.0  eV
E. non of the above 
ANS: E, Schaum’s 3000 solved problems, Q38.21, pg. 710

16. Suppose that a beam of 0.2-MeV photon is scattered by the electrons in a carbon target. What is the wavelength of those photon scattered through an angle of 90o?

    A. 0.00620 nm

                B. 0.00863 nm  

    C. 0.01106 nm
 
    D. 0.00243 nm
 
    E. non of the above
   ANS: B, Schaum’s 3000 solved problems, Q38.31, pg. 712

17. Determine the cut-off wavelength of x-rays produced by 50-keV electrons in a x-ray vacuum tube?
A. 0.000248
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B. 2.48 
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C. 248
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E. non of the above 
ANS: D, Schaum’s 3000 solved problems, Q38.39, pg. 714

18. A lamp emits light of frequency 
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Hz at a power of 25 W. The number of photons given off per seconds is 
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ANS:C , Modern physical technique, Beiser, MCP 34, pg. 802, modified

. 

19. Which of the following transitions in a hydrogen atom emits the photon of lowest frequency?
A. n = 1 to n = 2 

B. n = 2 to n = 1
C. n = 2 to n = 6


D. n = 6 to n = 2   

E. n = infinity to n = 1

ANS:D, Modern physical technique, Beiser, MCP 40, pg. 802

20. The speed of an electron whose de Broglie wavelength is 
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ANS:C, Modern physical technique, Beiser, MCP 36, pg. 802

21. A large value of the probability density of an atomic electron at a certain place and time signifies that the electron 
A. is likely to be found there 


B. is certain to be found there



C. has a great deal of energy there


D. has a great deal of charge  


E. is unlikely to be found there

ANS:A, Modern physical technique, Beiser, MCP 25, pg. 802

22. The ionisation energy of hydrogen 13.5 eV. What is the shortest wavelength in the Lyman series of hydrogen atom?
A. 364 nm 
B. 121 nm

C. 91 nm

D. 819 nm 

E. 103 nm
ANS:C, my own question

23. If the momentum of a particle is doubled, its wavelength is multiplied _______ times

A. 1

B. 2

C. 1/2

D. 8

E. 0
ANS: C, Machlup, Review question 7, pg. 522, modified

24. A standing wave cannot have less than ___ antinode. In quantum mechanics, that fundamental mode would be called the _________. 

A. 1, first excited state

B. 1, ground state



C. 2, first excited state

D. 2, ground state



E. 0, ground state
ANS: B, Machlup, Review question 9, pg. 522, modified

25. Assume that the uncertainty in the position of a particle is equal to its de Broglie wavelength. What is the minimal uncertainty in its velocity, vx?
A. vx/4  

B. vx/2

C. vx/8

D. vx 


E. vx/
ANS: A, Schaum’s 3000 solved problems, Q38.66, pg. 718

26. If the ionisation energy for a hydrogen atom is 13.6 eV, what is the energy of the level with quantum number n = 3?
A. 1.51 eV  

B. 3.4 eV

C. 12.1 eV



D. -1.51 eV 

E. -3.4 eV
ANS: D, Schaum’s 3000 solved problems, Q39.6, pg. 720

27. What is the zero-point energy of an electron trapped in an infinite potential well of size L =  0.5 
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ANS: A, my own question

28. A moving body is described by the wave function  at a certain time and place; 2 is proportional to the body’s

A. electric field 

B. speed

C. energy

D. probability of being found 

E. mass
ANS:D , Modern physical technique, Beiser, MCP 11, pg. 801

Section II (OBJECTIVES) (20 marks)
29. Which of the following statements are (is) true?

I. The assumption of the Ether frame is inconsistent with the experimental observation 

II. The speed of light is constant in all directions in vacuum
III. Maxwell theory of electromagnetic radiation is inconsistent with the notion of the Ether frame
IV. Special relativity is inconsistent with the notion of the Ether frame
A. III,IV
B. I, II, III
C. I, II, III,IV


D. I, II

E. I, II,IV 
ANS: E, my own question

30. Which of the following statements are true about light?

I. It propagates at the speed of c = 3 x 108 m/s in all medium

II. It’s an electromagnetic wave according to the Maxwell theory
III. It’s a photon according to Einstein
IV. It always manifests both characteristics of wave and particle simultaneously in a given experiment
A. I,IV

B. II, III,IV
C. I, II, III,IV


D. I, II

E. II,III

ANS: E, my own question

31. Which of the following statements are true about Lorentz transformation?

I. It relates the space-time coordinates of one inertial frame to the other
II. It is the generalisation of Galilean transformation
III. It constitutes one of the Einstein’s special relativity postulates 
IV. Its derivation is based on the constancy of the speed of light postulate

A. I,IV

B. I,II, IV
C. I, II, III,IV


D. I, II

E. II,III

ANS: B, my own question

32. The expression of linear momentum has to be modified in the relativistic limit in order to 

I. preserve the consistency between the Lorentz transformation and conservation of linear momentum

II. preserve the consistency between the Galilean transformation and conservation of linear momentum 

III. preserve the consistency special relativity with Newtonian mechanics

IV. preserve the consistency between the Lorentz transformation and Galilean transformation
A. I only
B. I,II, IV
C. I, III,IV
D. III,IV
E. IV only

ANS: A, my own question

33. The continuous x-ray spectrum produced in an x-ray tube can be explained by

I. Classical Electromagnetic wave theory

II. Pair production
III.      Bremsstrahlung

IV.      Diffraction

A. I,IV

B. I,II, IV
C. I, III,IV

D. I, III


E. II,III

ANS: D, My own questions

34. Planck constant  
I. is a universal constant

II. is the same for all metals

III. is different for different metals

IV. characterises the quantum scale
A. I,IV

B. I,II, IV
C. I, III,IV

D. I, III

E. II,III

ANS: B, Machlup, Review question 8, pg. 496, modified
35. A neon sign produces 

I.. a line spectrum

II. an emission spectrum

III. an absorption spectrum

IV. photons 

A. I,IV

B. I,II, IV
C. I, III,IV

D. I, III

E. II,III

ANS:B , Modern physical technique, Beiser, MCP 20, pg. 801, modified
Section II (Structured questions, 40 marks)
Q1. [20 marks]
(a)
Lithium, beryllium and mercury have work functions of 2.3 eV, 3.9 eV and 4.5 eV, respectively. If 400-nm light is incident on each of these metals, determine

(i) 
which metals exhibit the photoelectric effect, and 

(ii) 
the maximum kinetic energy for the photoelectron in each case (in eV)
Serway solution manual 2, Q21, pg. 357

(b) 
Molybdenum has a work function of 4.2 eV. 
(i)
Find the cut-off wavelength (in nm) and threshold frequency for the photoelectric effect. 
(ii) 
Calculate the stopping potential if the incident radiation has a wavelength of 180 nm.

Serway solution manual 2, Q16, pg. 356

(c) 
A 0.0016-nm photon scatters from a free electron. For what scattering angle of the photon do the recoiling electron and the scattered photon have the same kinetic energy?

Serway solution manual 2, Q35, pg. 358
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Q2. [20 marks]
(a)
An electron is contained in a one-dimensional box of width 0.100 nm. Using the particle-in-a-box model,

(i) 
Calculate the n = 1 energy level and n = 4 energy level for the electron in eV.
(ii) 
Find the wavelength of the photon (in nm) in making transitions that will eventually get it from the the n = 4 to n = 1 state 
Serway solution manual 2, Q33, pg. 380, modified

(b)  
Consider a 20-GeV electron. 

(i) 
What is its Lorentz factor  for a 20 GeV electron?

(ii) 
What is its de Broglie wavelength?
Serway solution manual 2, Q12, pg. 376, modified
(c) 
A photon is emitted as a hydrogen atom undergoes a transition from the n 

= 6 state to the n = 2 state. Calculate

(i) 
the energy

(ii) 
the wavelength 


(iii) 
the frequency 
of the emitted photon

Serway solution manual 2, Q47, pg. 360, modified
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Data
speed of light in free space, c = 3.00 x 108 m s-1
permeability of free space, 0 = 4 x 10-7 H m-1
permittivity of free space, 0 = 8.85 x 10-12 F m-1
elementary charge, e = 1.60 x 10-19 C
the Planck constant, h = 6.63 x 10-34 J s
unified atomic mass constant, u = 1.66 x 10-27 kg
rest mass of electron, me = 9.11 x 10-31 kg
rest mass of proton, mp = 1.67 x 10-27 kg
molar gas constant, = 8.31 J K-1 mol-1
the Avogadro constant, NA = 6.02 x 1023 mol-1
gravitational constant, G = 6.67 x 10-11 N m2 kg-2
acceleration of free fall, g = 9.81 m s-2






Solution:


Q1a(i)


The energy of a 400 nm photon is E = hc/  = 3.11 eV


[2 mark]





The effect will occur only in lithium*


[2 marks, with or without explanation]


For lithium, Kmax = h – W0 = 3.11 eV – 2.30 eV = 0.81 eV*


[3 marks]





[Note*: the full 2+3 marks only for the unique answer set {lithium, Kmax = 0.81 eV}. 


Minus 2 marks for any extra answer set on other metals]





Q1b(i)


Cut-off frequency = cutoff = hc/W0 = 1240 nm eV / 4.2 eV = 295 nm


Cut-off frequency (or threshold frequency)= cutoff = c/ =  1.01 x 1015 Hz


[2 + 2 marks]





Q1b(ii)


Stopping potential Vstop = (hc/ – W0) / e= (1240 nm.eV/180 nm – 4.2 eV)/e = 2. 7 V


 [2 marks]





Q1c


The energy of the incoming photon is Ei = hc/  = 0.775 MeV


[2 mark]





Since the outgoing photon and the electron each have half of this energy in kinetic form, 


Eo = hc/’ = 0.775 MeV / 2 = 0.388 MeV and 


’ = hc/Eo = 1240 eV. nm / 0.388 MeV = 0.0032 nm


The Compton shift is  = ’ -   = (0.0032 – 0.0016) nm = 0.0016 nm


[3 marks]





By  = c (1 – cos ) = h/mec  (1 – cos ) 


    0.0016 nm = 0.00243 nm (1 – cos )


� EMBED Equation.3  ���= 70o


[2 marks]








Solution:


Q2a(i)


In the particle-in-a-box model, standing wave is formed in the box of dimension L: � EMBED Equation.3  ���


[1 marks]





The energy of the particle in the box is given by 


� EMBED Equation.3  ���


 [2 marks]





� EMBED Equation.3  ���eV


[2 mark]





� EMBED Equation.3  ���eV


[2 mark]





Q2a(ii)


The wavelength of the photon going from n = 4 to n = 1 is  = hc/(E6 - E1)


= 1240 eV nm/ (603 – 37.7) eV = 2.2 nm 


[2 marks]





Q2b(i)


From E =  mec2,   = E/mec2 = 20 GeV/0.51 MeV = 39216 


 [3 marks]





Q2b(ii)


Momentum p  = E/c = 20 GeV/c (rest mass of electron ignored, mec2 << E)


  = hc/E  = hc/pc = 1240 eV nm / 20 GeV = 6.2 x 1017 m 


[2 marks]





Q2c


For hydrogen, � EMBED Equation.3  ���eV


Q2c(i)


� EMBED Equation.3  ���


[2 marks]





Q2c(ii)


� EMBED Equation.3  ���410 nm


[2 marks]





Q2c(iii)


 = c/ = 7.32 x 1014 Hz


[2 marks]
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