HKAL Exercise : Part 5 Atomics Physics

Chapter 19 Extra-nuclear Physics
19.1
Cathode Ray

Production of Cathode Ray

1.
A beam of electrons crossing a vacuum tube constitutes a current. Which of the following changes would double the magnitude of the current?




A.
Doubling the electron speed.




B.
Doubling the electron kinetic energy.

C.
Doubling the potential difference across the electron gun which produces the electrons.




D.
Having the area of cross-section of the beam.

Deflection in a uniform Electric Field

2.
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In a cathode ray tube, the beam of electrons from the electron gun is deflected vertically when a p.d. is applied between the deflection plates, P and Q, of length L and separation d. Which of the following changes will increases the deflection of the beam for a given p.d. across the deflection plates ?


(1)
Reducing the separation d between the deflection plates.


(2)
Reducing the p.d. V between the filament and the anode.


(3)
Increasing the separation x.



A.
(1) only

B.
(3) only

C.
(1) and (2) only
D.
(2) and (3) only

(Essay 01:E5)

3.
Under certain circumstances, electrons can be emitted from substances by thermionic emission. Briefly describe the condition(s) for electron emission and the maximum kinetic energy of the emitted electrons.













(3 marks)

19.2
Oscilloscope

Time Base Circuit

4.
The time base of a cathode ray oscilloscope


(1)
varies the number of electrons reaching the screen and hence controls the brigthtness.

(2)
controls the sharpness of the trace on the screen.


(3)
provides a sawtooth voltages of variable frequency across the X-plates.


A.
(1) only

B.
(3) only

C.
(1) and (2) only
D.
(2) and (3) only

5.
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The graph shown is a possible representation of the relation between velocity and time for the motion of


(1)
a mass, attached to a spiral spring, pulled vertically downwards and then released.

(2)
a ball dropped vertically onto a hard, smooth and horizontal surface, where it undergoes elastic collisions.


(3)
the spot on the screen of a CRO when a linear time base is operating.


A.
(1) only

B.
(3) only

C.
(1) and (2) only
D.
(2) and (3) only
Application of CRO

6.
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Potential difference V1 and V2 are applied to the X-plates and Y-plates of a C.R.O. respectively. The trace on the screen is


A.


B.
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C.


D.
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7.


[image: image9.wmf]V

1

0

time

 
[image: image10.wmf]V

2

0

time



Potential differences V1 and V2 are applied to the X-plates and Y-plates of a C.R.O. respectively. The trace on the screen is


A.


B.
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C.


D.
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8.
With the time base switched off, a cathode ray oscilloscope can be used to display graphically




A.
the sinusoidal waveform of the mains supply.



B.
the sawtooth waveform of the timebase.



C.
the variation of the potential difference between the Y plates with time.

D.
the variation of the electric field between the Y plates with the electric field between the X plates.


Lissajous Figures

9.
A cathode ray tube has X and Y sensitivities of 20 V/cm and 5 V/cm respectively. A sinusoidal p.d. of frequency 120 Hz and amplitude 60 V is applied to the X plates, and a sinusoidal p.d. of frequency 60 Hz and amplitude 7.5 V is applied to the Y plates. Which one of the following sketches could represent the pattern seen on the screen ?


A.



B.
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C.



D.
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10.
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The inputs to the X and Y plates of a C.R.O. are V1 and V2 as shown above. Which of the diagrams below best represents the display on the screen ?


A.


B.
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C.


D.
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11.
Two sinusoidal a.c. signals having a phase difference of 90∘are applied to the x-plates and y-plates of a CRO. Which of the following traces may appear on the screen of the CRO ?

(1)

  (2)

(3)
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A.
(1) only

B.
(1) and (2) only


C.
(2) and (3) only


D.
(1), (2) and (3)

11.
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If the pattern shown above appears on the CRO screen when two sinusoidal a.c. voltages are applied across the x-plates and the y-plates, what is the ratio of the frequency of the voltage across the x-plates to that across the y-plates ?



A.
1 : 4


B.
1 : 1




C.
2 : 1


D.
4 : 1

13.
Which of the following waveforms CANNOT be obtained by applying sinusoidal voltages to both X- and Y-inputs of a CRO ?



A.

B. 

C.

D.
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14.
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Two sinusoidal alternating potential differences Vx and Vy of the same frequency are applied respectively to the x and y plates of a C.R.O. with the time base switched off. The trace on the screen is an ellipse as shown above. What is the phase difference between Vx and Vy ?



A.
30∘



B.
45∘



C.
60∘



D.
120∘
15.
A.C. voltages of frequencies f1 and f2 were applied to the x-plates and y-plates of a cathode ray oscilloscope, respectively. The resulting observed trace is :
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If the frequency of f1 is 20 Hz, what is the frequency of f2 ?



A.
5 Hz




B.
10 Hz




C.
20 Hz




D.
40 Hz

16.
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A.C. voltages of frequencies f1 and f2 are applied to the x-plates and y-plates of a CRO respectively. The trace observed is shown above. f1 : f2 is equal to



A.
1 : 4.




B.
1 : 2.




C.
2 : 1.




D.
4 : 1.

17.
Three sinusoidal signals V1, V2 and V3 are applied in pairs to the X- and Y- inputs of a CRO and the resulting Lissajous figures are as shown.

	X-input
	Y-input
	Lissajous figures

	V1
	V2
	
[image: image36.wmf]

	V2
	V3
	
[image: image37.wmf]



If V1 and V3 are applied to the X- and Y- inputs respectively, the Lissajous figure should look like



A.


B.
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C.


D.
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19.3
Photoelectricity

Frequency of radiation

18.
A certain photocell emits electrons when illuminated with green light. This photocell will PROBABLY NOT emit electrons when illuminated with 




A.
red light

B.
ultra-violet radiation.
C.
X-rays.

D.
Gamma ray.

Intensity of radiation

19.
The photoelectric effect occurs when monochromatic light falls upon a metal surface in a photocell. What happens when the light intensity increases ?

A.
The same number of electrons is emitted with increased speed.

B.
More electrons are emitted with increased speed.

C.
More electrons are emitted with unchanged speed.

D.
More photons are emitted with greater energy from the surface.

20.
In a series of photoelectric emission experiments on a certain metal surface, relationships between the following physical quantities were investigated.


 f = frequency of incident light


 I = intensity of incident light


 i = photoelectric current

 
K = maximum kinetic energy of photoelectrons
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Two of these quantities, when plotted on a graph of y against x, would give a straight line through the origin. Which of the following correctly identifies x and y ? (Assume the frequencies used are greater than the threshold frequency.)




x 

y


x 

y


A.
I

i

B.
I

K


C.
K

i

D.
f

K
21.
When a beam of light of intensity I and frequency f is shone on the surface of a metal connected to earth, 27 electrons are ejected from the surface per second. If a light beam of intensity 3I and frequency 3f is used, the number of electrons ejected from the metal per second will be



A.
243.


B.
81.




C.
27.


D.
9.

22.
A beam of monochromatic light falls on a surface. If both the frequency and the intensity of the light are halved, which of the following statements is/are correct ?

(1)
The number of photons falling on the surface per second remains unchanged.

(2)
The photon energy is halved.

(3)
The momentum of a photon is halved.

A.
(1) only

B.
(3) only

C.
(2) and (3) only

D.
(1), (2) and (3)

23.
In an experiment on the photoelectric effect, a beam of monochromatic light is directed onto a metal plate to liberate electrons. Which of the following statements is true ?

A.
The velocity of the fastest electrons is directly proportional to the frequency of the incident light.

B.
The velocity of the fastest electrons is directly proportional to the intensity of the incident light.

C.
The velocity of the fastest electrons is independent of the intensity of the incident light.
D.
The velocity of the fastest electrons is independent of the frequency of the incident light.

Kinetic energy of photoelectrons(Graphical relationship)
24.
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The above figure shows the currents observed in a photocell circuit as a function of the p.d. between the plates of the photocell when light beams I, II and III were each directed in turn at the cathode. Which of the beams has the highest frequency ?



A.
I




B.
II




C.
III

D.
they all have the same frequency.

25.
Which of the following graphs best represents the variation of the maximum velocity v of photoelectrons emitted from a target with the frequency f of the incident light?


A.



B.
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C.



D.
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26.
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The above graph shows the variation in maximum kinetic energy K of photoelectrons with the frequency f of the incident radiation on a metallic surface. If radiation of half the intensity is used, which of the following graphs (dotted line) shows the variation of K with f ?



A.



B.
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C.



D.
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27.
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Light falls on the photo-sensitive metal surface of a photocell. A battery and a sensitive meter are connected to the photocell as shown. Which of the following statements is correct ?

A.
No current is observed in the meter until after a considerable time, when the metal surface has heated up.

B.
The maximum kinetic energy of the electrons emitted is independent of the intensity of light.

C.
The maximum kinetic energy of the electrons emitted is independent of the particular metal used.

D.
Current is observed in the meter with any frequency of light.

28.
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A d.c. source is applied to a photocell as shown. Monochromatic radiation is incident on cathode C so that photoelectrons are emitted from the cathode surface. The maximum kinetic energy of the photoelectrons reaching anode A can be increased by using

(1)
the same monochromatic radiation but of higher intensity.


(2)
a d.c. source of lower voltage.

(3)
monochromatic radiation of shorter wavelength.



A.
(1) only

B.
(3) only



C.
(1) and (2) only



D.
(2) and (3) only

29.
A beam of green light falls on one electrode of a photocell and electrons are emitted. The green beam is then replaced by a violet one that has the same intensity. Which of the following physical quantities would decrease as a result of this change ?

A.
The energy of each photon striking the electrode

B.
The maximum kinetic energy of the photoelectrons emitted

C.
The magnitude of the potential difference across the photocell required to reduce the photo-electric current to zero

D.
The number of photons striking the electrode per second

30.
A metal surface is illuminated with monochromatic light so that it emits photoelectrons. The maximum kinetic energy of the emitted photoelectrons depends on

(1)
the frequency of the incident monochromatic light.

(2)
the intensity of the incident monochromatic light.

(3)
the distance of the metal surface from the light source.


A.
(1) only



B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

(Essay 01:E5)

31.
Under certain circumstances, electrons can be emitted from substances by photoelectric effect. Briefly describe the condition(s) for electron emission and the maximum kinetic energy of the emitted electrons.



 









(3 marks)

Einstein’s photoelectric Equation

Planck constant

32.
If h is the Planck constant and c is the speed of light in a vacuum, photons of wavelength λ have momentum p. Which of the following expressions is dimensionally correct for p?



A.
h/λ


B.
h/cλ



C.
hc/λ

D.
λc/h
33.
If electron A has four times the kinetic energy of electron B, what is the ratio of the de Broglie wavelength of electron A to that of electron B ?



A.
4 : 1


B.
2 : 1




C.
1 : 2


D.
1 : 4

34.
If the kinetic energy of an electron is 5.0 eV, what is the wavelength of the de Broglie wave associated with it ?

( Planck constant
= 6.63 × 10-34 Js,


 Charge of electron
= 1.60 × 10-19 C,


 Mass of electron
= 9.11 × 10-31 kg )



A.
8.2 × 10-16 m




B.
5.5 × 10-10 m




C.
7.8 × 10-10 m




D.
3.2 × 1014 m

Work function

35.
The work function of a metal is the least energy required to

A.
releases one electron from the surface of the metal.

B.
bring one mole of electrons from the interior of the metal to the surface.

C.
bring one electron from the interior of the metal to the surface.

D.
bring one mole of electrons from the interior of the metal to the surface and release it.

Einstein’s equation

36.
For the photoelectric effect, which of the following is the correct relationship between the energy E of a photon, the work function w of the surface which it strikes, and the maximum kinetic energy K of the emitted photoelectron ?




A.
K = 2(w + E)




B.
E = w + K



C.
E = w – K



D.
E = K – w 

37.
When light of wavelength 6.0 × 10-7 m is incident on the surface of a metal, the kinetic energy of the electrons emitted has a maximum value of 7.0 × 10-20 J. What is the longest wavelength of light which would cause electrons to be emitted from the metal ?

( Planck constant = 6.6 × 10-34 Js,


 speed of light in air = 3.0 × 108 m/s)



A.
7.6 × 10-7 m




B.
2.8 × 10-6 m




C.
3.5 × 105 m




D.
1.3 × 106 m

38.
When light of frequency f1 is shone on to a metal surface, the maximum energy of the electrons emitted is E1. If the same surface is illuminated with light of frequency f2, the maximum energy of the electrons emitted is E2. The Planck constant is given by




A.
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B.
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C.
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D.
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Stopping potential

39.
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The above figure shows a photoelectric cell. E is the emitter and C is the collector. The stopping potential for photoelectrons depends on


(1)
the nature of C.


(2)
the nature of E.

(3)
the surface area of E.

A.
(1) only

 B.
(2) only

C.
(1) and (2) only D.
(2) and (3) only

40.
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Red light shines on the photoelectric cell C as shown. If the reading of the microammeter is zero, this may be explained by the fact that


(1)
the intensity of the light is too low.

(2)
electrode X is made of a material with too great a work function.

(3)
the frequency of the light is too small.

A.
(1) only

 B.
(1) and (2) only

C.
(2) and (3) only D.
(1), (2) and (3)

41.
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A student measures the p.d. V to stop photoelectrons emitted in a photocell illuminated by monochromatic light of various frequencies f. The resulting points when plotted on a V-f graph (as shown) do not lie on the solid line drawn from standard results obtained with a similar photocell. The reason could be

A.
he has used a voltmeter which has a fixed zero error.

B.
he has read the wrong scale on his voltmeter so that his readings always double the actual readings.

C.
he has connected the variable d.c. supply with the wrong polarities to the photocell.

D.
he has plotted the wavelength of light in place of the frequency on the horizontal axis.

(Structural question 92:L12)

42.
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Figure 41.1

(a)
In an experiment with an illuminated photocell using a photosensitive metal X as the cathode, a small current is detected by the microammeter even when the anode is made slightly negative with respect to the cathode, using the circuit of Figure 41.1. Briefly account for this.












(2 marks)

(b)
The current falls to zero only when the reverse p.d. across the tube reaches a value Vs, which varies with the frequency f of the radiation used to illuminate the cathode. Figure 41.2 shows the relationship between Vs and f.
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Figure 12.2

(i)
What is the relationship between Vs and f as predicted by Einstein’s photoelectric theory?













(2 marks)



(ii)
What is the value of the threshold frequency for X?




(1 mark)



(iii)
If the electronic charge is 1.6 × 10-19 C, estimate a value for the Planck constant.


















(2 marks)



(iv)
Calculate the work function for X in electron-volts.




(3 marks)

(v)
Sketch on Figure 41.2 the corresponding variation between Vs and f for a photocell whose cathode has a larger work function than X.





(2 marks)
(Essay 00:E2)

43.
The wave theory of light is inadequate for giving a complete explanation of the photoelectric effect, which shows that electromagnetic radiation possesses particle-like properties.



(a)
What is the photoelectric effect ?

(b)
Identify and explain TWO experimental results in photoelectric experiments which demonstrate the inadequacy of the wave theory of light.

















 


(5 marks)

(Essay 83:E4)

44.
Under certain experimental conditions, it is found necessary to assume that light possesses a particle-type, rather than a wave-like nature. Briefly describe such an experiment and explain how the results lead to this conclusion.









(3 marks)

19.4
Electrons Inside Atoms

Energy state of electrons inside atoms

45.



[image: image64.wmf]E

IV

I

E

I

III

II



In the diagram above, E1 and E∞ represent (to scale) the energy levels of a hydrogen atom in its second excited state and the ionised state, respectively. Which of the drawn lines represents the energy level of the atom in its third excited state ?



A.
I




B.
II




C.
III




D.
IV

46.
The ionisation potential of a hydrogen atom is 13.6 V. Which of the following energy levels is/are possible for the atom?


(1)
- 3.40 eV


(2)
- 12.09 eV


(3)
- 12.75 eV


A.
(1) only



B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

Ionisation by Collision

47.
The ionisation energy of an atom in its ground state is

A.
the energy required to separate all the electrons from the remainder of the atom.

B.
the minimum energy required to add one electron to the atom.

C.
the minimum energy required for an electron to change its state while at the same time remaining attached to the nucleus.

D.
the minimum energy required to separate one electron from the remainder of the atom.

Excitation by Collision

48.
Which of the following experiments provide direct evidence for the existence of energy levels in atoms ?


A.
the Franck-Hertz experiment



B.
the Geiger-Marsden experiment



C.
the Millikan experiment



D.
none of the above

49.
In a collision between an electron and an atom which leads to excitation of the atom without ionization, which of the following is/are correct ?

(1)
The energy transferred appears later as electromagnetic radiation.

(2)
An orbital electron escapes from the nucleus.


(3)
An orbital electron loses energy.


A.
(1) only



B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

50.
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The energy of a certain atom are as shown. Which of the following may undergo an inelastic collision with the atom ?


(1)
an electron with kinetic energy 3E

(2)
an electron with kinetic energy 4E

(3)
a photon with energy 4E


A.
(1) only



B.
(3) only



C.
(1) and (2) only



D.
(2) and (3) only

51.
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A hypothetical atom has only four energy levels as represented above. It can change from any one level to any other. Which of the following statements about this hypothetical atom is INCORRECT ?

A.
If the atom is at the level –4eV, it can emit a photon of energy 4 eV.

B.
If the atom is at the level –4eV, it can emit a photon of energy 10 eV.

C.
If the atom is at the level –12 eV and collides with an electron of kinetic energy 10 eV, it can change to the level –4 eV.

D.
The most stable state of the atom corresponds to the level –12 eV.

52.
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The figure shows the four lowest energy levels of a hydrogen atom. The hydrogen atom is excited from ground state to the energy level n = 4 when an electron collides inelastically with it. What is the minimum energy required for the electron to do this ?


(ionisation potential of hydrogen = 13.6V)



A.
4.9 eV

B.
12.1 eV




C.
12.8 eV

D.
14.4 eV

53.
An electron of mass m and charge e, is accelerated by a potential V, then strikes an atom, exciting it from its ground state to a higher energy state. The electron is scattered with speed u, and the excited atom subsequently decays back to the ground state with the emission of a photon of frequency f. If h is the Planck constant, the value of u is



A.
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C.
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54.
The ionization potential of a hydrogen atom is 13.6 V. What is the minimum excitation potential of a hydrogen atom with electron at the second excited state?




A.
13.0 V

B.
3.4 V




C.
1.9 V

D.
0.6 V

Emission and Absorption Spectra

55.
When an electron in an atom undergoes a transition from a higher energy level to a lower one, the time taken is about 10-10 s. Which of the following statements about the transition is/are correct ?

(1)
The length of the wave train from such a transition is about 3 m.

(2)
Electromagnetic radiation is emitted during the transition.

(3)
The wavelength of the photon emitted depends on the energy difference between the two levels


A.
(1) only

B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

56.
When an electron in an atom falls from an excited state to the ground state, which of the following forms of radiation is not emitted ?




A.
ultra-violet
B.
visible light




C.
gamma-ray
D.
X-rays

57.
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The figure above shows two adjacent lines in the spectrum of a hot gas. Line X is brighter than line Y because




A.
line X has a greater wavelength.

B.
line X originates in the hotter part of the gas.

C.
for line X, electrons undergo transitions between two states of greater energy difference.

D.
for line X, more electrons undergo transitions between the two states involved in the emission.

58.
In which of the following calculations is it necessary to use the Planck constant ?

(1)
Finding the frequency of a photon emitted as a result of the transition of an electron between two energy levels in an atom

(2)
Finding the maximum kinetic energy of photoelectrons from the wavelength of incident radiation

(3)
Finding the momentum of an electron from its kinetic energy



A.
(1) only



B.
(3) only



C.
(1) and (2) only



D.
(2) and (3) only

Frequency of spectrum
59.
Which of the following electron transitions between energy levels in an atom will emit electromagnetic radiation of the highest frequency ?




A.
n = 3 to n = 2



B.
n = 4 to n = 3



C.
n = 4 to n = 2



D.
n = 5 to n = 3
60.
The allowed energy levels for an atom are En = -W/n2, where W is a constant and n is any positive integer. The frequency of a photon corresponding to the energy transition from n = m + 1 to n = m

(1)
is inversely proportional to m2.


(2)
decreases as m increases.

(3)
increases as the temperature increases.


A.
(2) only



B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

61.
In a hydrogen atom, electron transitions from the second excited state to the ground state give photons of frequency f. If an electron falls from the third excited state to the second one, the frequency of the photon emitted would be



A.
0.04 f.

B.
0.05 f.




C.
0.44 f.

D.
2.29 f.

62.
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The diagram shows the first five energy levels of an atom. Which of the spectra below best corresponds to the transitions indicated ?
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63.
An atom emits light of wavelengths 141 nm and 122 nm when one of its electrons returns to its ground state from its first and second excited states, respectively. The wavelength of light emitted when the electron passes from the second excited state to the first excited state is



A.
905 nm.

B.
263 nm.




C.
132 nm.

D.
19 nm.

64.
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The diagram shows the energy levels of a certain atom. When an electron changes energy from 6E to E, a photon of wavelength λ is emitted. Which of the following wavelengths of photons could be produced by other transitions between the energy levels shown ?



A.
2λ/5 and 3λ/5




B.
2λ/5 and 5λ/3




C.
5λ/2 and 3λ/5




D.
5λ/2 and 5λ/3

65.
A hydrogen atom absorbs a photon of wavelength λ such that the electron in the ground state (energy level corresponding to n = 1) is brought to an excited state (energy level corresponding to n = 4). What is the maximum wavelength of a photon that can cause ionization of a hydrogen atom in the ground state ?




A.

[image: image80.wmf]3

4

l




B.

[image: image81.wmf]4

3

l





C.

[image: image82.wmf]15

16

l



D.

[image: image83.wmf]16

15

l


66.
The transition of electrons between three energy levels in a particular atom gives rise to three spectral lines. The shortest and longest wavelengths of those spectral lines areλ1 andλ2 respectively. The wavelength of the other spectral line is




A.
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C.
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67.
Electron transitions occur in an atom resulting in the emission of the following light wavelengths :



from level C to level A : 500 nm




from level B to level A : 400 nm


Which of the following statements is/are correct ?

(1)
The wavelength of light emitted for the transition between C and B is 100 nm.

(2)
Level A has a higher energy than both levels B and C.

(3)
Level C has a lower energy than level B.


A.
(1) only



B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

68.
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The diagram shows some energy levels (drawn to scale) of a certain atom. Transition X results in the emission of a photon of wavelength 900 nm. Which transition (P to T) would result in the emission of a photon of wavelength 300 nm ?




A.
P

B.
Q



C.
R

D.
S
Hydrogen spectrum

69.
The following are energy values for hydrogen.

	X
	ionization energy of a hydrogen atom

	Y
	mean kinetic energy of hydrogen gas molecules at room temperature 

	Z
	photon energy of a particular line in the visible emission spectrum of hydrogen





A.
X < Z < Y



B.
Y < X < Z



C.
Y < Z < X



D.
Z < Y < X
Absorption Spectrum

70.
Which of the following phenomena can provide direct evidence for the existence of discrete electron energy levels in atoms?


(1)
photo-electric emission


(2)
alpha particle scattering

(3)
the spectrum of light from a sodium lamp


A.
(1) only

B.
(3) only


C.
(1) and (2) only


D.
(1), (2) and (3)

71.
When a beam of white light passes through iodine vapour, the spectrum of the emergent light shows dark lines. Which of the following statements is/are correct ?

(1)
The iodine vapour re-radiates photon in the same direction as the incident light.

(2)
The iodine vapour emits less energy than it absorbs.

(3)
The iodine vapour absorbs the same frequencies as it emits.


A.
(1) only

B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

(Structural question 91:L11)

72.
(Given :
Planck constant h = 6.63 × 10-34 Js




charge of electron e = 1.60 × 10-19 C




speed of light in vacuum c = 3.00 × 108 m/s)
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Figure 71.1






Figure 71.2

Figure 71.1 shows the schematic diagram of the apparatus used by Franck and Hertz. The electrons emitted at the cathode C are accelerated to the grid G by a potential difference of V1. The electrode A has a voltage V2 of 1 V negative with respect to the grid G. Inside the glass tube there is mercury vapour at a pressure of about 100 N/m2. A graph of anode current Ia against V1 is shown in Figure 71.2.


(a)
Account for the shape of the graph when V1 is



(i)
less than P,


(ii)
between P and Q,



(iii)
between Q and R.



















(5 marks)


(b)
From the graph in Figure 71.2, estimate the lowest excitation energy of mercury.(1 mark)

(c)
What is the wavelength of the radiation emitted by the mercury atoms as they return to their ground state? Could such a radiation be detected? Explain your reasoning.
(4 marks)

(d)
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Diagram NOT to scale

(i)
The energy level diagram shows that mercury has another excitation potential at 6.7 V. Why is this not shown by the graph in Figure 71.2?




(2 marks)

(ii)
What would you expect to happen to a photon of energy 5 eV when it collides with a mercury atom? Explain your answer briefly.






(2 marks)

(Essay 84:E3)

73.
(a)
Describe the main physical characteristics of the light emitted by a gas discharge tube.


















   (1.5 marks)


(b)
Explain in detail the light production mechanisms of a gas discharge tube.

(5 marks)

(Essay 01:E5)

74.
The energy levels of a hydrogen atom, in eV, are given by


En = - 13.6 / n2, where n = 1, 2, 3,…
With the aid of an energy level diagram, explain the terms ground state and ionization potential as applied to a hydrogen atom.
















 


(3 marks)
19.5
The Laser

75.
The photons emitted by a laser


(1)
are of same frequency.


(2)
travel in all direction.


(3)
are in phase.


A.
(1) only

B.
(3) only

C.
(1) and (3) only
D.
(1), (2) and (3)

(Essay 02:E3)

76.
Briefly explain how a laser can produce an intense, monochromatic beam. (There is no need to describe the setting up of an inverted population.)







(3 marks)

(Essay 84:E3)

77.
Describe TWO different applications of lasers outside their use in physics laboratories, explaining why they are employed.









(4 marks)

19.6
X-rays

X-ray Tube

78.
A high constant potential difference is applied across the electrodes of a discharge tube containing air. A vacuum pump gradually exhausts air from the tube. Which of the following will possibly happen ?


(1)
Some air molecules are ionized.

(2)
Negative ions move towards the anode.

(3)
X-rays are emitted from the anode.



A.
(1) only

B.
(3) only


C.
(1) and (3) only


D.
(2) and (3) only

Properties of X-rays (Energy of X-rays)

79.
In an X-ray tube, an accelerating potential V produces X-rays of minimum wavelength 2.0 × 10-10 m. In order to produce X-rays of minimum wavelength 0.5 × 10-10 m, the accelerating potential should be



A.
V/4.


B.
V/2.




C.
2 V.

D.
4 V.

80.
The minimum wavelength of the X-rays emitted from a hot cathode X-ray tube is controlled by



A.
the size of the target.


B.
the magnitude of the filament current.

C.
the nature of the target.



D.
the anode-cathode voltage.

81.
To produce an X-ray photon of energy 4.2 × 10-15 J, the bombarding electrons in the X-ray tube must be accelerated through a potential difference of at least


(Given : electronic charge =1.6 ×10-19 C)




A.
37.1 kV.

B.
26.3 kV.




C.
13.1 kV.

D.
5.3 kV.

82.
The minimum wavelength of the X-rays emitted from a hot cathode X-ray tube is controlled by


(1)
the nature of the target.


(2)
the anode-cathode voltage.

(3)
the magnitude of the filament current.


A.
(1) only

B.
(2) only


C.
(1) and (2) only


D.
(2) and (3) only

83.
An X-ray tube emits X-rays with a minimum wavelength of 4.75 × 10-11 m. Estimate the potential difference between the cathode and the anode (target) in the X-ray tube. Given :

Planck constant = 6.33 × 10-34 Js



Electronic charge = 1.6 × 10-19 C



Velocity of light in air = 3 × 108 m/s



A.
15 000 V

B.
20 000 V



C.
25 000 V

D.
30 000 V

Application of X-ray

84.
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A beam of X-rays of wavelength λ is incident upon a crystal containing atoms arranged in planes of separation d. The beam makes an angle θ with the planes as shown, an intense diffracted X-ray beam is produced. Which of the following is equal to a small integer ?



A.
λ/(dsinθ)

B.
2d sinθ/λ


C.
2λsinθ/d

D.
dsinθ/(2λ)
(Essay 86:E5)

85.
(a)
Describe the physical means of production of electromagnetic waves by an X-ray tube.

(b)
Describe the main characteristics of the emitted spectra and how these can be explained by the internal atomic process which occur.

















   (7.5 marks)

Atomic Resonance

86.
Which of the following illustrates atomic resonance ?


(1)
Electron diffraction


(2)
Fraunhofer dark lines in the sun’s spectrum

(3)
The spectrum of light from a sodium lamp


A.
(1) only

B.
(3) only

C.
(1) and (2) only
D.
(2) and (3) only

87.
The spectrum of sunlight has dark lines in it. Which of the following statements concerning these dark lines is/are correct ?


(1)
Light absorbed in the sun’s atmosphere is re-emitted but in one direction.


(2)
They are due to the absorption of certain wavelengths of light in the earth’s atmosphere.


(3)
They are due to the absorption of certain wavelengths of light in the sun’s atmosphere.



A.
(1) only

B.
(3) only

C.
(1) and (2) only
D.
(2) and (3) only

HKAL Exercise (KEY) : Part 5 Atomics Physics

Chapter 19 Extra-nuclear Physics
1 – 2 : AD

3.
Thermionic emission occurs when a metal is heated to a temperature that the loosely


held electrons in the metal acquire kinetic energy high enough to escape from the


metal against the inward attractive force.









1

Electrons emitted in thermionic emission have the lowest maximum kinetic energy
(less than 1 eV) as they are just able to escape from the metal.





2 3
4 – 10 : BA, CDDAA,
11 – 20 : DBDAD, DCACA,
21 – 30 : BDCAA, DBBDA,

31.
For photoelectric effect, electrons are emitted from metal surfaces when

electromagnetic radiation of high enough frequency falls on them.




1


The maximum kinetic energy of the photoelectric emission electrons is

of the order of eV depending on the difference between the energy of the incident

photon and the work function.











2 3

32 – 40 : ACBA, BABBC,
41 : B

42.
(a)
Some emitted electrons have sufficient kinetic energy






1


to overcome the anode-cathode -ve potential








1 2

(b)
(i)
eVs = hf - (













1



( = work function












1


(ii)
threshold freq. = 5.0 ( 1014 Hz









1


(iii)
grad. = 

 = 0.5 ( 10-14











1



h 
= 1.6 ( 10-19 ( 0.5 ( 10-14 Js




= 8.0 ( 10-34 Js











1


(iv)
 ( 
= h ( threshold freq.




= 6.4 ( 10-34 ( 5.0 ( 1014 J









1




= 
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1


(v)
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43.
(a)
Phototelectric effect involves the emission of electrons from metal surfaces

1



when electromagnetic radiation of high enough frequency falls on them.


  1


(b)
The maximum kinetic energy of the photoelectrons emitted does not increase

1



with the intensity of the incident radiation.



As the range of emission speeds (or kinetic energy) from zero to a maximum



is due to electrons having a range of possible kinetic energies inside the metal.



Those with the highest kinetic energy are emitted with maximum speeds.



According to the wave theory, we would expect a certain number of photoelectrons



to be ejected with greater speeds when the radiation intensity increases.


1



No time lag between the time when the metal surface being irradiated and the

1



start of emission of photoelectrons is observed, even when the radiation is weak.



According to the wave theory, radiation energy is spread over the wavefront and



since the amount incident on any one electron would be extremely small, some



time would elapse before an electron gathered enough energy to escape.


1



There exists a characteristic cutoff frequency vo for a particular surface. For

1



frequencies less than this, the photoelectric effect disappears, no matter how



intense the illumination.



According toe the wave theory, the photoelectric effect should occur for any



frequency of light, provided only that the light is intense enough.




1



Any TWO of the above @ 2.











  4

44.
incident on alkali metal at A and ejected photo-electrons travel to gauze cylinder G

and current observed in electrometer E.  Potential H varied until electrons stopped

and current drops to zero.












1
Use light of different frequencies (. Then eVs = ½mvmax2 = Elight - W0 

where W0 is the work required to move a free electron out of the surface. 



1


Form experiment, energy of light photon (or particle) Elight = h(. Thus maximum K.E.

of emitted electrons does not depend upon the intensity of the light (expected from

wave theory) but the frequency (expected from photon/particle theory).



1 3
45 – 50 : C, ADAAC,
51 – 60 : BCCDD, CDCCA,
61 – 70 : BBADD, CBDCB,
71 : B

72.
(a)
(i)
V1 has to be greater than V2 (1 V) for an electron to reach A.




1


(ii)
between P & Q, all collision between electrons and mercury atoms have been

elastic.














1



No energy has been lost, current increases as voltage increases



1


(iii)
Between Q and R, the electrons suffer inelastic collision with Hg atoms;

1



and when their K.E. is less than eV2, they fail to reach A.




1 5

(b)
4.8 eV / 7.68 ( 10-19 J












1 1

(c)
E = h(


4.8 ( 1.6 ( 10-19 = 6.6 ( 10-34 ( 











1


( = 260 nm














1


As ( = 260 nm, the radiation emitted is ultra-violet






1


and this cannot pass through the glass tube therefore cannot be detected.


1 4

(d)
(i)
Before the electrons reached the energy of 6.7 eV it has already had an

inelastic collision (at an energy of 4.8 eV) with the mercury atoms, so the

1

energy of electrons never reaches 6.7 eV.







1

(ii)
As there is no energy interval corresponding to 5 eV,





1



the photon will be scattered or will not be absorbed.





1 4
73.
(a)
The light from a gas discharge tube has the following properties :
(i)
Light exhibits a wide spectrum of single frequency lines or bands, characteristic

of gas.
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(ii)
Light is incoherent.
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(iii)
Intensity of light is weak
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(b)
A Gas Discharge Tube
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(i)
Explain discrete energy levels.









1


(ii)
Excitation by electrical discharge (energy transfer on collisions of ions).

1


(iii)
Emission on decay to ground state, frequency given by e.g. h( = E1 - E0.

1

(iv)
Time taken before emission or probability of emission depends upon 

atom/energy level but also number of photons of energy h( = E1 - E0
available (to stimulate emission ) - very few in discharge.




1


(v)
The spontaneous emissions from the atoms occur randomly and the

individual waves emitted are not in phase.







1 5
74.
Ground state – the lowest energy level of an atom (An atom is most stable, i.e.


in its ground state, when it has minimum energy)








1


If an atom is in its ground state and absorbs an amount of energy eV which


just removes an electron completely from the atom, then V is said to be the


ionization potential of the atom.











1




















1 3
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Laser light is emitted when a photon from a spontaneous emission between two



energy levels induces stimulated emission of more photons.
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Laser light is monochromatic because all the photons have the same energy (E2 – E1)



and hence the same frequency [(E2 – E1)/h].








1



Laser light is also coherent because all the photons/waves are in phase, therefore it



is intense.















1 3

77.
Any examples acceptable (provided they differ in field of application)

(a)
High power ruby laser - used to re-attach retina to eye.


(i)
blood-clot formed quickly by intense heat.


(ii)
localised due to small diameter of beam - therefore no damage to

surrounding eye.












2

(b)
Laser diodes used for telephone communications (with optical fibres).


(i)
coherent across beam - able to modulate and


(ii)
because of high frequency (f ~ 1015 Hz) can accommodate a large umber

of audio channels (20 - 20 kHz).


(iii)
not affected by usual interference from radio waves/mains.




2 4
78 – 80 : CDD,
81 – 84 : BBCB,

85.
(a)
In an x-ray tube the electrons, emitted from a heated filament are accelerated

to much greater kinetic energies by a voltage ~ 100 000 V, in a vacuum, and

X-rays are emitted when they impinge upon a metal anode.





1
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(b)
Electrons are arranged in shells around nucleus, with K-shell nearest (lowest energy).


This is due to, e.g. the expulsion of an electron form the K-shell begin followed

by a transition of an electron from, say, the L-shell to the K-shell, this being

accompanied by the radiation of a K photon (see diagram).





1


The energy changes ~ 100 - 1000 times greater than those for a discharge tube

emission and so the wavelength ~ 1 nm.








1


The continuous part of the emitted electromagnetic wave spectrum is produced

by the deceleration of the electrons inside the metal anode and is continuous

since the radiated energy loss per atomic collision varies (and also heat produced). 
1


There is a (min (or (max) since if V is electron accelerating potential, h(max = eV.
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