AP Physics Multiple Choice Practice – Modern Physics
SECTION A – Quantum Physics and Atom Models

1.  Light of a single frequency falls on a photoelectric material but no electrons are emitted.  Electrons may be emitted if the 

A) frequency of light is decreased 

D) intensity of light is increased

B) frequency of light is increased

E) velocity of light is increased

C) intensity of light is decreased

2.  Which of the following types of electromagnetic radiation has the least energy per photon

A) gamma      B) infrared      C) radio      D) visible      E) X-Rays

3.  An atomic particle of mass m moving at speed v is found to have wavelength λ.  What is the wavelength of a second particle with a speed 3v and the same mass

A) (1/9) λ     B) (1/3) λ      C) λ      D) 3 λ      E) 9 λ

4.  A student performs the photoelectric effect experiment and obtains the data depicted in the accompanying graph of Ekm (max kinetic energy) of photoelectrons vs the frequency of the photons.  What is the approximate work function of this material?
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A) 1.5 eV   B) 2.0 eV  C) 2.7 eV   D) 4.0 eV   E) 6.0 eV

5.  According to the Bohr theory of the hydrogen atom, electrons starting in the 4th energy level and eventually ending up in the ground state, could produce a total of how many lines in the hydrogen spectra?

A) 7      B) 6      C) 5      D) 4      E) 3

6.   In Rutherfords famous gold foil scattering experiment, he found that most alpha particles would pass through the foil undeflected.  Which of the following nuclear properties can be inferred from this observation.

A) The nucleus must have a positive charge

B) Most of the mass of an atom is in the nucleus

C) The nucleus contains both protons and neutrons

D) The diameter of the nucleus is small compared to the diameter of the atom


E) none of the above.


7.   Which of the following is best explained only by the wave theory of light

A) blackbody radiation

D) pair–production
B) the Compton effect


E) diffraction

C) the photoelectric effect

8.  In the photoelectric effect experiment, a stopping potential of Vstop is needed when light of frequency fo shines on the electron-emitting metal surface.  If the metal surface on which the light shines is replaced with a new material that has half the work function, what is the new stopping potential, Vnew , for light of frequency shining on it? 
a) Vnew > 2Vstop      b) Vnew = 2 Vstop      c) Vstop < Vnew < 2Vstop      

d) Vnew = Vstop        e) It is indeterminate with the given information 
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9.  The diagram to the right shows the lowest four energy levels for an electron in a hypothetical atom. The electron is excited to the −1 eV level of the atom and transitions to the lowest energy state by emitting only two photons. Which of the following energies could not belong to either of the photons?


(A) 2 eV      (B) 4 eV      (C) 5 eV      (D) 6 eV      (E) 9 eV
10.  Monochromatic light falling on the surface of an active metal causes electrons to be ejected from the metallic surface with a maximum kinetic energy of E.  What would happen to the maximum energy of the ejected electrons if the frequency of the light were doubled?
A) the maximum energy of the electrons would be less than ½ E
B) the maximum energy of the electrons would be ½ E
C) the maximum energy of the electrons would be (√2) E
D) the maximum energy of the electrons would be 2E
E) the maximum energy of the electrons would be greater than 2E

11.  If the electrons in an electron microscope are traveling with a velocity of 1.6x107 m/s, what would be the effective wavelength of the electrons?
A) 1.2x10–8 m      B) 6.6x10–9 m      C) 4.5x10–11 m      D) 2.6x10–11 m      E) 8.6x10–17 m            

12.  A very slow proton has its kinetic energy doubled.  What happens to the protons corresponding deBroglie wavelength 
A) the wavelength is decreased by a factor of √2

B) the wavelength is halved
C) there is no change in the wavelength
D) the wavelength is increased by a factor of √2
E) the wavelength is doubled.
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13.  The diagram shows light being emitted due to a transition from the n=3 to the n=2 level of a hydrogen atom in the Bohr model.  If the transition were from the n=3 to the n=1 level instead, the light emitted would have
A) lower frequency       B) less energy    
C) longer wavelength    D) greater speed    
E) greater momentum

14.  Which color of light emitted from an atom would be associated with the greatest change in energy of the atom?


(A) Blue      (B) Green      (C) Red      (D) Violet      (E) Yellow

Questions 15‑16 relate to the photoelectric effect and the five graphs below
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15.  Which graph best shows the maximum kinetic energy K of the photoelectrons as a function of the frequency of incident light?


(A) A
(B) B
(C) C
(D) D
(E) E

16.  Which graph best shows the maximum kinetic energy K of a photoelectron as a function of the intensity of incident light?


(A) A
(B) B
(C) C
(D) D
(E) E

17.  Electrons that have been accelerated from rest through a potential difference of 150 volts have a de Broglie wavelength of approximately 1 Angstrom (10–l0 meter).   In order to obtain electrons whose de Broglie wavelength is 0.5 Angstrom (5 x 10–ll meter), what accelerating potential is required?


(A)
37.5 V        (B)75 V          (C)300 V      ( D)600 V          (E)22,500 V

18.  According to the Bohr model of the atom, electrons orbit the nucleus in definite orbits. According to the laws of classical physics, this model would be impossible because
(A) the positively charged nucleus attracts the electrons 
       
(B) Coulomb's law applies 



       
(C) accelerating electrons radiate energy 

(D) there is a centripetal force on the electrons
(E) angular momentum is conserved
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19.  The energy level diagram is for a hypo​thetical atom. A gas of these atoms initially in the ground state is irradiated with photons having a continuous range of energies between 7 and 10 electron volts. One would expect photons of which of the following energies to be emitted from the gas?


(A) 1, 2, and 3 eV only

 
(B) 4, 5, and 9 eV only
(C) 1, 3, 5, and 10 eV only

(D) 1, 5, 7, and 10 eV only 

(E) Since the original photons have a range of energies, one 
would expect a range of emitted photons with no 


particular energies.

20.  All of the following are properties of x‑rays EXCEPT:
(A) They penetrate light materials. 

 
(B) They ionize gases. 
(C) They are deflected by magnetic fields.

 
(D) They discharge electrified bodies. 
(E) They are diffracted by crystals.
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21.  Which of the following graphs best represents the de Broglie wavelength ( of a particle as a function of the linear momentum p of the particle?
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22.  The scattering of alpha particles by a thin gold foil was measured by Geiger and Marsden.  The Rutherford model of the atom was proposed in order to explain why
(A) more particles scattered through angles greater than 90° than through angles less than 90° 
(B) the fraction of particles scattered through large angles was too large to be explained by previous models of
       the atom 
(C) no particles passed through the foil undeflected 
(D) the most common scattering angle was about 90° 
(E) the most common scattering angle was about 180°


Questions 23‑24 
A hypothetical atom has four energy states as shown.

23.  Which of the following photon energies could NOT be found in the emission spectra of this atom after it has been excited to the n = 4 state?
(A) 1 eV      (B) 2 eV      (C) 3 eV      (D) 4 eV      (E) 5 eV

24. Which of the following transitions will produce the photon with the longest wavelength?
(A) n = 2 to n = 1      
(B) n = 3 to n = 1      
(C) n = 3 to n = 2     
(D) n = 4 to n = 1    
(E) n = 4 to n = 3

25.  Of the following phenomena, which provides the best evidence that light can have particle properties?
(A) Interference of light in thin films        (B) Electromagnetic radiation        (C) Photoelectric effect 
(D) Electron diffraction        (E) X‑ray diffraction

26.  Of the following phenomena, which provides the best evidence that particles can have wave properties?
(A) The absorption of photons by electrons in an atom
(B) The alpha‑decay of radioactive nuclei
(C) The interference pattern produced by neutrons incident on a crystal
(D) The production of x‑rays by electrons striking a metal target
(E) The scattering of photons by electrons at rest

27.  In the photoelectric effect, the maximum speed of the electrons emitted by a metal surface when it is illuminated by light depends on which of the following?
I. Intensity of the light 
II. Frequency of the light 
III. Nature of the photoelectric surface
(A) I only        (B) III only        (C) I and II only        (D) II and III only        (E) I, II, and III

28.  In the Bohr model of the atom, the postulate stating that the orbital angular momentum of the electron is quantized can be interpreted in which of the following ways?
(A) An integral number of electron wavelengths must fit into the electron's circular orbit. 
(B) Only one electron can exist in each possible electron state. 
(C) An electron has a spin of 1/2.
(D) The atom is composed of a small, positively charged nucleus orbited by electrons. 
(E) An incident photon is completely absorbed when it causes an electron to move to a higher energy state.

29.  Quantum transitions that result in the characteristic sharp lines of the X‑ray spectrum always involve

(A) the inner electron shells      (B) electron energy levels that have the same principal quantum number 

(C) emission of beta particles from the nucleus         (D) neutrons within the nucleus 

(E) protons within the nucleus

30.  Which of the following experiments provided evidence that electrons exhibit wave properties?

I. Millikan oil‑drop experiment

II. Davisson‑Germer electron‑diffraction experiment

III. J. J. Thomson's measurement of the charge​-to‑mass ratio of electrons

(A)  I only           (B) II only           (C) I and III only           (D) II and III only           (E) I, II, and III

31.  If the momentum of an electron doubles, its de Broglie wavelength is multiplied by a factor of

(A)  1/4          (B)1/2          (C) 1          (D) 2          (E) 4

32.  Quantum concepts are critical in explaining all of the following EXCEPT

(A)  Rutherford's scattering experiments 

(B) Bohr's theory of the hydrogen atom 

(C) Compton scattering 
(D) the blackbody spectrum 
(E) the photoelectric effect

33.  If photons of light of frequency f have momentum p, photons of light of frequency 2f will have a momentum of

(A)  2p          (B) 
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          (C) p          (D) 
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          (E) ½ p
34.  In an experiment, light of a particular wavelength is incident on a metal surface, and electrons are emitted from the surface as a result. To produce more electrons per unit time but with less kinetic energy per electron, the experimenter should do which of the following?

(A) Increase the intensity and decrease the wave​length of the light.

(B) Increase the intensity and the wavelength of the light.

(C) Decrease the intensity and the wavelength of the light.

(D) Decrease the intensity and increase the wave​length of the light.

(E) None of the above would produce the desired result.

35.  Which of the following imposes a limit on the number of electrons in an energy state of an atom?

(A) The Heisenberg uncertainty principle 

(D) The theory of relativity


(B) The Pauli exclusion principle 


(E) The law of conservation of energy
(C) The Bohr model of the hydrogen atom


Questions 36-37 relate to the photoelectric effect.  For each question, choose an answer from the following graphs
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36. Which graph shows the maximum kinetic energy of the emitted electrons versus the frequency of the light?

(A) A      (B) B      (C) C      (D) D      (E) E

37. Which graph shows the total photoelectric current versus the intensity of the light for a fixed frequency above the cutoff frequency?

(A) A      (B) B      (C) C      (D) D      (E) E

38. A 50,000 W radio station transmits waves of wavelength 4 m. Which of the following is the best estimate of the number of photons it emits per second?

(A) 108        (B) 1022        (C) 1030        (D) 1040        (E) 1056
39.  The work function for a metal is ϕ. What is the threshold frequency of incident light required for the emission of photoelectrons from a cathode made of that metal?


A) ϕ / h     B) h / ϕ      C) ϕh      D) ϕ / hc      E) hc / ϕ
40.  Two monochromatic light beams, one red and one green, have the same intensity and the same cross sectional


area. How does the energy of each photon and the number of photons crossing a unit area per second in the red beam compare with those of the green beam?
Number of Photons

Crossing Unit Area

Energy of Photon 
per Second

(A) 
Same 


Same

(B) 
Greater for red 

Less for red

(C)
Greater for red 

Greater for red

(D) 
Less for red 

Less for red

(E) 
Less for red 

Greater for red

41.  In an x-ray tube, electrons striking a target are brought to rest, causing x-rays to be emitted. In a particular x-ray tube, the maximum frequency of the emitted continuum x-ray spectrum is fo. If the voltage across the tube is doubled, the maximum frequency is

A) fo / 2      B) fo / √2      C) fo      D) √2 fo      E) 2fo
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