CHAPTER IV : QUANTUM PHYSICS

Formative Practice 7.1 [Quantum Theory of Light]

1. What is the frequency and energy of a photon with a wavelength of 10 nm?

2. How many photons are emitted per second by a 50 W green light lamp?
[Frequency of green light, f= 5.49 x 10" Hz]

3. Given that the mass of an electron is 9.11 x 107*! kg:
(a) what is the de Broglie wavelength of an electron beam with 50 eV kinetic energy?
[1eV =1.60x10"]]

(b) name a phenomenon that shows the wave properties of electrons.

h=6.63x107*Js ¢=3.00 x 10° ms™! me= 9.11x10>' kg 1.00 eV =1.60x10" 1



Formative Practice 7.2 [Photoelectric Effect]

1. What is meant by photoelectric effect?

2. Will a bright light emit more photoelectrons from a metal surface compared to a dim light of the same
frequency?

3. State four characteristics of photoelectric effect that are obtained experimentally.

4. Why are photoelectrons emitted instantaneously from a metal surface when it is illuminated by a light
of certain frequency?

5. Why are photoelectrons emitted instantaneously from a metal surface when it is illuminated by a light
of certain frequency?

h=6.63x107*Js ¢=3.00x 10 ms™ me= 9.11x10>' kg 1.00 eV = 1.60x107"



Formative Practice 7.3 [Einstein’s Photoelectric Theory]

1. (a) State Einstein's Photoelectric Equation.

(b) State the meaning of:
(i) work function
(ii) threshold frequency
(iii) the relationship between work function and threshold frequency

2. (a) Sketch a graph to show the relationship between the maximum kinetic energy of
photoelectrons and the frequency of light shone on a metal.

(b) What are the physical quantities represented by the gradient and the intercepts of the
graph sketched in 2(a)?

h=6.63x10""Js ¢=3.00 x 10® ms™ me= 9.11x10>' kg 1.00 eV =1.60x107"



3. When a metal with a work function of 4.32 x 10"" ] is shone on by a violet light
(A =4 %107 m), what is the maximum kinetic energy of an emitted photoelectron?

[PlancK’s constant, h = 6.63 x 10 J s, speed of light in vacuum, ¢ = 3.00 x 10° m s°'] &4

Summative Practice Quantum Physics

1. State the meaning of the following terms:
(@) black body
(b) quantum of energy

2. The minimum energy required for the photoelectron to escape from the sodium metal surface is 2.28 eV.
(@) Will sodium show photoelectric effect for a red light with a wavelength of 680 nm shone on it?

(b) What is the threshold wavelength of sodium?

h=6.63x107*Js ¢=3.00x 10 ms™ me= 9.11x10>' kg 1.00 eV = 1.60x107"



3. Wavelength of the yellow line of the sodium spectrum is 590 nm. How much kinetic energy does one
electron have when its de Broglie wavelength is equal to the yellow line of the sodium spectrum?

4. A laser light beam with a wavelength of 555 nm and a power of 5.00 mW is aimed at an object without any
light reflected. Calculate:
(@) the momentum of a photon in the laser beam.

(b) the number of photons per second in the laser light beam hitting the object.

h=6.63x107*Js ¢=3.00x 10 ms™ me= 9.11x10>' kg 1.00 eV = 1.60x107"



5. The de Broglie wavelength of an electron is 1.00 nm.
(a) State Louis de Broglie's hypothesis of the wave properties of electrons.

(b) Calculate the momentum of the electron.

(c) Calculate the velocity of the electron.

(d) Calculate the kinetic energy of the electron.

h=6.63x107*Js ¢=3.00x 10 ms™ me= 9.11x10>' kg 1.00 eV = 1.60x107"



6. (a) Why is a large cavity with a small hole able to act as a black body?

(b) The temperature of a black body is 4 500 K and it looks orange-yellow. Describe the colour changes in
the black body as the body is heated to a temperature of 9 000 K.

7. Photograph 1 shows a communication satellite in outer space. A quantum communication attempt was
performed with a laser pulse of 60 mW and a wavelength of 800 nm.
(@) What is the momentum of one photon from the laser pulse?

Photograph 1

(b) How much energy does one photon carry?

(c) What is the number of photons per second?

h=6.63x107*Js ¢=3.00x 10 ms™ me= 9.11x10>' kg 1.00 eV = 1.60x107"



(d) What is the total momentum transferred by the laser pulse per second?

8. Complete the table with information on the wavelength and photon energy for several components of waves
in the electromagnetic spectrum.

Wavelength, A Photon energy, E Region of the electromagnetic spectrum
500 nm
50 eV
50x107%"J

9. Figure 1 shows a photocell constructed using semiconductor material that can be activated by a light with a
maximum wavelength of 1 110 nm.
(@) What is the threshold frequency and work function of the semiconductor?

Glass tube ——— Light
Cathode

—1 - Anode
Semiconductor

material Li

Vacuum ——/

— +
(b) Why does the semiconductor look opaque at room temperature? 1} 9

h=6.63x107*Js ¢=3.00x 10 ms™ me= 9.11x10>' kg 1.00 eV = 1.60x107"



10. Muthu conducted an experiment on a grain of sand falling through a small hole. Given
the mass of the grain of sand is 5 x 10™° kg, the diameter of the sand is 0.07 mm, the
velocity of the sand falling through the hole is 0.4 m s™ and the size of the hole is 1 mm:

(a) Estimate the de Broglie wavelength of the sand. &%

(b) Will the falling sand produce a diffraction pattern when passing through the small
hole? Explain your answer. &4

11. When a photodiode is shone on with a red light (A = 700 nm) and a blue light
(A =400 nm), the maximum kinetic energy of the photoelectrons emitted by the
blue light is two times that of the red light.

(a) What is the work function of the photodiode?

(b) What is the threshold wavelength of the photodiode? &

h=6.63x107*Js ¢=3.00x 10 ms™ me= 9.11x10>' kg 1.00 eV = 1.60x107"



(c) What is the de Broglie wavelength of the photoelectron emitted by UV light
(A = 131 nm) from the photodiode? &

12. Amin conducted an experiment to determine the work function and threshold wavelength
for a material X. The arrangement of the apparatus is as shown in Figure 2.

Glass tube — Light Table 2

Cathode Anode A/ nm VIV

(material .X) r Vacuum 135 7.53

172 5.59

227 3.98

+J . ~ 278 2.92

—III-J--T--il 9 333 2.06

Figure 2 400 1.43

When the cathode coated with material X is illuminated by a light beam of wavelength, A,
the emitted photoelectrons will move towards the anode and give a reading in milliammeter.
If the connection to the power supply is reversed, the potential difference at the anode is set
to negative and that will prevent the arrival of the negatively charged photoelectrons. If the
potential divider, P is adjusted until the stopping potential, V' results in a zero milliammeter
reading, then V_is a measure of the maximum kinetic energy, K_ _of the photoelectrons
emitted, of which K = eV Table 2 shows the experimental results for the values of A and
the corresponding values of V.

(a) Based on Einstein's Photoelectric Equation, derive an equation that relates A and V.

h=6.63x107*Js ¢=3.00x 10 ms™ me= 9.11x10>' kg 1.00 eV = 1.60x107"



(b) Plot a suitable graph to determine the Planck’s constant, work function and threshold
wavelength for material X. &4

(c) Calculate the wavelength of light for the production of a 10.0 eV photoelectron using
the work function in (b). &4

(d) What is the de Broglie wavelength for the 10.0 eV photoelectron? &4

(e) Why is material X a critical component in a night vision device? &

h=6.63x107*Js ¢=3.00x 10 ms™ me= 9.11x10>' kg 1.00 eV = 1.60x107"
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Formative Pragiies 2 7.2p

. Emission of electrons from a metal surface when shone on by light of a certain frequency.
. Yes. The number of photoelectrons emitted depends on the number of photons that arrive on the metal surface.
. — The higher the frequency of the light photons, the higher the kinetic energy of the photoelectrons emitted from
the metal surface.
— The minimum frequency of light needed for a metal to emit electrons is the threshold frequency, £ for the metal.
— The kinetic energy of photoelectrons does not depend on the intensity of light.
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