HKAL Extra Exercise : Part 3 Waves

Chapter 11 Electromagnetic Waves
11.1
Electromagnetic Spectrum

1.
The SI unit of length, metre, used to be defined as 1 545 356 times the wavelength of the electromagnetic wave emitted from a krypton-86 atom. In which region of the electromagnetic spectrum is this wave to be found ?




A.
infra-red

B.
ultra-violet




C.
microwave
D.
visible

2.
The SI unit of time, second, is defined as n times the period of the electromagnetic wave emitted from a caesium-133 atom. The number n is of the order




A.
104.

B.
106.




C.
108.

D.
1010.

Speed of light

3.
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Light is incident on an octagonal mirror and traverses a path ABCD, of total length L, before being reflected again from another face of the octagonal mirror. The octagonal mirror is rotated and its angular velocity adjusted until the light emerges in the same direction as when the mirror is stationary. If the speed of light is c, the smallest angular velocity to achieve this condition is




A.
πc/L.

B.
4πc/L.

C.
8πc/L.

D.
πc/(4L).

11.2
Polarisation of Light

4.
Which of the following waves can be polarized ?


(1)
X-rays


(2)
ultrasounds


(3)
visible lights



A.
(1) only



B.
(3) only



C.
(1) and (3) only



D.
(2) and (3) only

5.
Which of the following statements is/are correct ?

(1)
Ultrasounds are electromagnetic in nature.

(2)
All standing waves are transverse waves.


(3)
Infra-red radiations can be polarized.


A.
(1) only



B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

6.
In which of the following the phenomenon of polarization cannot be observed ?




A.
Light reflected from the surface of water.




B.
Light scattered from a clear sky.




C.
Ultrasonic waves used in sonar.



D.
Light transmitted through a polaroid.

Polarisation by Absorption

7.
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An unpolarised microwave travels along the positive y-axis. A metal grid is placed in the xz-plane. The electromagnetic wave detected by the detector is




A.
plane-polarised in the yz-plane.




B.
plane-polarised in the xz-plane.




C.
unpolarised.



D.
of zero intensity.

8.
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Light from an unpolarised source is allowed to fall on a piece of Polaroid P and then on a second Polaroid A. In the position shown in the diagram, the intensity of the light emerging from polaroid A is a maximum. As A is slowly rotated, the intensity of light emerging is reduced to one-fourth the maximum value at angle θ1 and to a minimum at angle θ2.



Which of the following gives the correct values of angles θ1 and θ2 ?





θ1

θ2


A.
30∘
90∘



B.
45∘
180∘



C.
60∘
90∘



D.
60∘
180∘
9
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A light source S is viewed through two parallel pieces of Polaroid P and Q. Q is gradually rotated until the field of view becomes dark. Which of the following conclusions can be drawn ?

(1)
When Q is rotated further by 90∘, the field of view becomes dark again.

(2)
The experiment shows that light is a transverse wave.

(3)
The experiment shows that light from source S must be polarised.


A.
(2) only



B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

10.
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Three Polaroid sheets are arranged in the three different ways as shown in Figures 1, 2 and 3 and an observer looks towards the light source as shown in the diagrams. The bold lines indicate the directions of the transmission axes in each case. Which of the following statements correctly describes the effect of the combination?




Figure 1
  Figure 2
Figure 3


A.
opaque
  opaque
  
opaque



B.
opaque
  transparent
transparent


C.
transparent  opaque
opaque


D.
transparent  opaque
transparent
11.
Three polaroid sheets P, Q and R are placed along a straight line with a lamp and a detector as shown
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Initially the directions of polarization of Q and R are parallel but are both normal to that of P. What happens to the intensity I recorded by the detector when Q is being rotated slowly through 90∘until its direction of polarization is parallel to that of P ?




A.
I remains unchanged.




B.
I increases throughout.




C.
I increases and then decreases.



D.
I decreases throughout.
Polarisation by Reflection (The Brewster’s Angle)

12.
When a beam of unpolarised light travelling in air falls on the surface of a block of glass, it is possible to find an angle of incidence such that




A.
the transmitted light is completely plane polarized.




B.
the reflected light and transmitted light are both unpolarized.



C.
none of the light is transmitted.




D.
all of the light is transmitted.

13.
When unpolarised light travelling in air falls on the water surface, it is possible to find an angle of incidence such that

A.
the reflected light and the transmitted light are both plane polarized.



B.
all the light is reflected.



C.
the reflected light is plane polarized.

D.
the transmitted light is plane polarised.

14.
When a beam of unpolarized light travelling in air falls on the surface of a glass block, it is possible to find an angle of incidence such that


(1)
all the light is transmitted.

(2)
the reflected light is plane polarized.

(3)
the transmitted light is plane polarized.


A.
(1) only

B.
(2) only


C.
(1) and (2) only


D.
(2) and (3) only

15.
When parallel light is incident at the Brewster angle in air on the surface of a glass block,


A.
the transmitted light is unpolarised.

B.
the angle of incidence is equal to the angle of refraction.

C.
the reflected light is partially polarised.


D.
the reflected light is plane polarised.

16.
When parallel light is incident at the Brewster angle in air on the surface of a glass block, which of the following statements is/are correct?


(1)
The reflected light is plane-polarised.

(2)
The transmitted light is plane-polarised.

(3)
The reflected ray and the refracted 

ray are at right angles to each other.


A.
(1) only

B.
(3) only


C.
(1) and (3) only


D.
(2) and (3) only

17.
Which of the following equations correctly gives the relation between the Brewster’s angle i and the refractive index n of a material ?



A.
n sin i = 1
B.
n tan i = 1




C.
cos i = n

D.
tan i = n
18.
The speed of light in a certain material is 2.2 × 108 m s-1. Find the Brewster’s angle for that material and air. (Speed of light in air = 3 × 108 m s-1)



A.
36.3∘

B.
42.8∘



C.
47.2∘

D.
53.7∘
Polarisation by Scattering

19.
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Polarised light is obtained by passing a narrow beam of unpolarised light from source S through a tank of water to which a drop of milk has been added. Which of the following statements is/are correct ?


(1)
Unpolarized light is detected at position M vertically above the water tank.


(2)
Light from source S must be monochromatic.


(3)
The drop of milk provides particles to scatter the light.


A.
(1) only



B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

20.
Sunlight is scattered by air molecules in the atmosphere. Which of the following statements concerning this process is/are correct ?


(1)
Blue light is scattered more than red light is.


(2)
Light is absorbed by air molecules and is then re-emitted.

(3)
The scattered light observed on the earth’s surface is completely plane-polarized.


A.
(1) only

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

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

11.3
Interference of Light

Young’s Double-slit experiment

21.
A student prepares a double-slit set-up as shown below. However, no interference fringe can be observed on the screen.
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Your suggestion for improvement may be

A.
using a mercury lamp to provide radiation of a shorter wavelength.



B.
reducing a.



C.
increasing x.


D.
reducing d.

22.
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The above arrangement is used in a version of Young’s experiment. X is a monochromatic light source. A, B and C are narrow parallel slits. Bright fringes are observed on the screen S. What would happen if the whole set-up were placed in water instead of air?

(1)
The central bright fringe will become dark.

(2)
The separation between the fringes increases.

(3)
The fringes on both sides remain 
mono-coloured.


A.
(1) only

B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

23.
In a Young’s slits experiment to produce interference fringes on a screen, the separation of the interference fringes is decreased by decreasing


(1)
the wavelength of the light.

(2)
the distance between the source and the slits.

(3)
the separation between the two slits.


A.
(1) only

B.
(3) only


C.
(1) and (3) only


D.
(2) and (3) only

24.
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In a Young’s double-slit experiment, light of wavelength 400 nm is used. If the path difference between the light from the two slits X and Y to a point P on the screen is 2 000 nm, which of the following is/are correct ?

(1)
The fringe separation on the screen decreases if the light source is moved closer to the slits.


(2)
P is the 5th bright fringe.

(3)
P becomes a dark fringe if light of wavelength 500 nm is used.



A.
(1) only


B.
(3) only



C.
(1) and (2) only



D.
(2) and (3) only

25.
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A plane mirror M is illuminated by monochromatic light from a slit S. The virtual image of S by reflection and S itself act as 2 coherent sources and the interference pattern is observed on the screen AOB at a distance from the mirror. Which of the following statements about the interference pattern on the screen is/are correct ?

(1)
Interference pattern can be seen in the region OB on the screen.

(2)
As the mirror M moves horizontally towards the screen, the separation of the fringes decreases.

(3)
As the mirror M moves downward, the separation of the fringes decreases.


A.
(1) only



B.
(3) only


C.
(1) and (3) only


D.
(2) and (3) only

26.
In a Young’s double slit experiment, a monochromatic light source of wavelength 600 nm is used and the separation of the slits is 0.01 mm. If 11 bright fringes are observed, what is the angle subtended by those fringes at the centre of the double slit ?
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A.
27.8∘

B.
34.9∘



C.
38.5∘

D.
42.2∘
27.
Young’s slits are used to produce interference fringes with light of wavelength 600 nm. A thin sheet of mica of refractive index 1.8 is placed in front of one of the slits and the centre of the fringe-system is displaced through 6 fringe widths. The thickness of the mica is



A.
180 nm.

B.
2 000 nm.




C.
2 250 nm.
D.
4 500 nm.

28.
In Young’s double-slit experiment, which of the following combinations of monochromatic light, the slit-separation and the slit-to-screen distance would produce the closest fringe separation on the screen ?



Monochromatic    Slit-   Slit-to-screen


  
light

  separation    distance



A.
yellow light
 2 mm
    5 m



B.
yellow light
 5 mm
    2 m


C.
violet light
 2 mm
    5 m


D.
violet light
 5 mm
    2 m
Diffraction Grating

29.
In experiment with optical diffraction gratings, the 
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A.
10-4


B.
1




C.
102


D.
104

30c.
When a diffraction grating is replaced by another with less lines per mm, which of the following quantities is/are increased ?

(1)
the number of orders which can be observed

(2)
the angle of diffraction for every spectral line

(3)
the angle separation of violet and red lines in the first order spectrum


A.
(1) only

B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

31.
White light is directed normally onto a diffraction grating and the diffracted light is observed through the telescope of a spectrometer. The appearance of the zeroth order and the first order diffraction pattern will look like:


(W : white, R : red, B : blue)


A.



B.
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32.
A beam of red (R) light and violet (V) light strikes normally on a diffraction grating. Several orders of diffraction of the light beam are produced on each side of the central axis. The wavelength of the red light is 700 nm and that of the violet light is 400 nm. How will the first- and second order diffracted beams of both colours appear ? (The central axis is marked with a dot and the diffracted beams of other orders are not shown.)


． Central axis

A.




B.
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33.
A diffraction grating ruled with 5 000 lines per cm is illuminated normally by white light. If the wavelengths for yellow light and violet light are 600 nm and 400 nm respectively, which of the following statements is true?



A.
The central image is black.

B.
There is no sixth-order image for violet light.

C.
The third-order image of yellow light coincides with the second-order image of violet light.

D.
The angular displacement of the first-order image of yellow light from the central 
image is sin-10.6.

34.
Light of wavelength λ is incident normally on a diffraction grating with p lines per millimeter. The third-order diffraction maximum is at an angle θ from the central position. For a second grating with 2p lines per millimeter illuminated normally by light of wavelength 7λ/3, the angle between the second-order diffraction maximum and the central position is ψ. Which of the following relations is correct ?




A.
sinψ= sin(28θ/9)




B.
sinψ= sin(7θ/6)



C.
sinψ= (28 sinθ)/9




D.
sinψ= (7 sinθ)/6

35.
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When a certain monochromatic light is passed through a diffraction grating, a pattern of maxima and minima is observed as shown. Which of the following combinations would produce the smallest angle θ between the first-order maxima ?





Grating (lines

Colour of




per mm)


light used




A.

100


  green




B.

400


  green




C.

100


  blue




D.

400


  blue

36.
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A beam of white light is shone normally on a diffraction grating. The diagram shows the spectra of the first two orders, which may not be drawn to scale. The first-order spectrum starts at an angle of 10∘from the zeroth order. The respective angular separations between the two ends (red and violet) of a spectrum are α and β for the first- and second- order spectra. Which of the following statements is/are correct ?

(1)
In the first-order spectrum, Q is the violet end.


(2)
There is no six-order spectrum.

(3)
α is greater than β.


A.
(2) only



B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

37.
A plane transmission grating is placed at the centre of a circular 0∘- 360∘protractor. A beam of monochromatic light is incident normally on the grating. The zeroth-order maximum occurs at a scale reading of 90∘and a first-order maximum occurs at a scale reading of 105∘. At what scale reading would a third-order maximum be observed ?




A.
39∘

B.
45∘




C.
51∘

D.
135∘

Blooming of lenses

38.
The surface of a material of refractive index 1.3 is coated with a thin film of liquid of refractive index 1.6 and thickness 250 nm. White light falls normally on the thin film. Which of the following light wavelengths (in air) is not reflected from the thin film?



A.
200 nm

B.
320 nm




C.
1 600 nm

D.
2 400 nm

39.
The coated lens of a camera appears purple in daylight. According to the manufacturers, the coating has a refractive index of 1.25 and the material of the lens has a refractive index of 1.50. If the wavelength of yellow light in air is 520 nm, the approximate thickness of the coating is



A.
104 nm.

B.
416 nm.




C.
520 nm.

D.
624 nm.

40.
A coating material of refractive index 1.25 is used for blooming of a lens having a larger refractive index. For normal incidence, if violet light is to be transmitted in its greatest amount through the lens, which of the following thicknesses of the coating would do ?


(Given : wavelength of violet light in air is 400 nm)


(1)
100 nm


(2)
160 nm

(3)
560 nm

A.
(1) only

B.
(2) only



C.
(3) only


D.
(1) and (3) only

41.
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A glass lens is made non-reflecting for green light by coating it with a thin film of transparent material of a refractive index less than that of glass. Which of the following statements is/are correct ?

(1)
The surface of the glass lens appears green in white light.

(2)
As a result of the constructive interference between the light rays reflected from the two interfaces, energy which would have been wasted as reflected light increases the amount of transmitted light.

(3)
The minimum thickness of the film is 1/4 of the wavelength of green light in the film


A.
(1) only



B.
(3) only



C.
(1) and (3) only



D.
(2) and (3) only

Air Wedge

42.
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When monochromatic light is incident normally on a wedge-shaped thin air film, an interference pattern may be seen by reflection. Which of the following is/are correct ?

(1)
If water is introduced into the region between the plates, the fringe separation decreases.


(2)
Circular fringes are observed.

(3)
If the angle of the wedge is increased, the fringe separation increases.


A.
(1) only

B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

43.
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Monochromatic light of wavelength 512 nm is shone normally on a wedge-shaped thin air film to form interference fringes. If the distance between the fifth and seventy-fifth dark fringes is 9.4 mm, calculate the angle of the wedge, θ.



A.
0.218∘

B.
0.109∘



C.
0.055∘

D.
0.027∘
Soap Films

44.
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A ray AO of monochromatic light wavelength λ falls on a thin parallel-sided soap film of thickness t and refractive index n. Destructive interference will take place between rays M and N when



A.
2 nt = mλ.


B.
2nt =
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C.
2 nt cos r = mλ.

D.
2 nt cos r =
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Newton’s Rings

45.
Newton’s rings produced when a biconvex lens rests on a plane glass plate are observed using a traveling microscope. If the biconvex lens is very slowly moved vertically upwards from the lower glass plate, which following would be observed?


A.
The central spot remains dark all the time.
B.
The rings remain concentric.



C.
The rings disappear immediately.


D.
The rings move out from the centre.

46.
In an arrangement for viewing Newton’s rings, if the lens which rests on a glass plate were moved slowly upwards by one fourth of the wavelength (of the viewing light), which of the following would be observed ?



A.
The rings move out from the centre.



B.
The rings are no longer concentric.


C.
The rings disappear.

D.
The central spot becomes bright.

47.
In an arrangement for viewing Newton’s rings, which of the following would be observed if water is introduced to the space between the lens and the glass plate?



A.
The rings shift away from the centre.



B.
The rings disappear.

C.
The separation between the rings decreases.



D.
There is no observable change.

48.
Which of the following statements concerning Newton’s rings is/are correct ?

(1)
Adjacent rings become closer together when moving outwards from the central spot.

(2)
A convex lens with short focal length should be used.
(3)
The central spot is bright when some liquid is introduced between the convex lens and the reflector.



A.
(1) only

B.
(3) only



C.
(1) and (2) only



D.
(2) and (3) only

Thin films

49.
When monochromatic light is incident normally on a wedge-shaped thin film, an interference pattern may be seen by reflection. Which of the following changes would decrease the number of fringes per unit length as seen by an observer?


(1)
increasing the wavelength of the light

(2)
decreasing the refractive index of the film material


(3)
decreasing the angle of the wedge


A.
(1) only

B.
(3) only


C.
(2) and (3) only


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

50.
Green light of wavelength 550 nm (in air) is incident normally from air onto a liquid film whose refractive index is 1.1. For what minimum value of film thickness will the greatest amount of light be transmitted through the film ?



A.
125 nm

B.
250 nm




C.
313 nm

D.
500 nm

11.4
Diffraction of Light

51.
White light diffracted by a single slit falls on a white screen. Which of the following statements is/are correct?


(1)
The central band width is decreased as the slit width is decreased.

 
(2)
The first minimum is closer to the centre for red light than for blue light.


(3)
The centre of the diffraction pattern is white.


A.
(1) only

B.
(3) only

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

Key : 
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