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Question 975: [Waves > Intensity]
Fig. 5.1 shows the variation with time t of the displacements x, and xg at a point P of two sound

waves A and B.

WAL LI
wave A
3 I s 44 ! + lr \
‘t *
1
1 LY
0 \ / \
1 O 2 T3 05 e\ t/ms
1 /
2 LY : A
3 - + + +14 + — - + + 4
wave B
2 “,! T
Xg/ 10~%em max
1
ol F X -
0 1 2 !/3 4 5 t/ms
-1 /
N 1
vd
-2

(a) By reference to Fig. 5.1, state one similarity and one difference between these two waves.
(b) State, with a reason, whether the two waves are coherent.

(¢) The intensity of wave A alone at point P is 1.

(1) Show that the intensity of wave B alone at point P is (4/9) L.

(i1) Calculate the resultant intensity, in terms of I, of the two waves at point P.

(d) Determine the resultant displacement for the two waves at point P

(1) at time t = 3.0 ms,

(i1) at time t = 4.0ms.

Reference: Past Exam Paper — November 2005 Paper 2 Q5
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Solution 975:

()

Similarity: example: same wavelength / frequency / period, constant phase difference
Difference: example: different amplitudes / phase

(b) They are coherent since the phase difference is constant.

(©)

(1)

{The intensity of a wave is proportional to the square of its amplitude. The amplitude is the
maximum displacement, and can be obtained from the graph.}

Intensity « (amplitude)2

So,I[y=1=3%>=9 and Ig=«22=4 leadingto

{For wave A, the amplitude is 3. Its intensity I is 32 =9 units. So, 9 units [the square of the
amplitude (3%)] represents I. So, 1 unit would represent I/9. The amplitude of wave B is 2. So, its

intensity is 22 = 4 units. In terms of I, this is 4 (I/9) = (4/9)L.}
Ig=(4/9)1

(i)

{Amplitude of wave A = (+)3x 104 cm and the amplitude of wave B is (-)2% 10" cm. The signs
account for the waves being out of phase with each other.}

Resultant amplitude = (3 — 2)x10% = 1.0x10™%cm

{The resultant amplitude is 1 (let forget the x 104 ¢m for now). For the intensity of the resultant

wave, we consider the square of the resultant amplitude = 12 = 1 unit.

As stated before, 9 units (amplitude squared) corresponds to I. The intensity of the resultant wave
would correspond to [by proportion] (1/9) I}

So, resultant intensity = (1/9) |

(d)

(1) Resultant displacement = 0

(i)

Xy =-2.6x10%m  and xg=+1.7x10"%cm

So, resultant displacement = (-) 0.9% 104cm
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2. O/N 18/P22/Q5 | | ‘ | .
Red light of wavelength 640 nm is incident normally on a diffraction grating having a line spacing

of 1.7 x 107m, as shown in Fig. 5.1,

diffraction :
grating \

second order

first order
> —>— Zero order
incident light first order

wavelength 640nm

.

Fig. 5.1 (not to scale)

second order
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The second order diffraction maximum of the light is at an angle & to the direction of the incident
light.
(a) Show that angle @ is 49°.

&Q’m& =r\>‘

(3]
(b) Determine a different wavelength of visible light that will also produce a diffraction maximum
at an angle of 49°,

O g o A m [2]

O © 0309 2656780 (© mahad__amer I mahadamerchaudhry@gmail.com

[RAAALIAN ARArN |




13. MIJ 16/P22/Q5

(a) Light o! a singlg wavelength is incident on a diffraction grating. Explain the part played by
diffraction and interference in the production of the first-order maximum by the diffraction
grating.

diffraction:

...............................................................................................................
.......................................................................................
........................................................................

....................................................................................................
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(b) The diffraction grating illustrated in Fig. 5.1 is used with light of wavelength 486 nm.

second order

/MAHAD AMER

first order —
light

wavelength 486 nm
> zero order —

diffraction

grating first order —

second order

screen
Fig. 5.1 (not to scale)

The orders of the maxima produced are shown on the screen in Fig. 5.1. The angle between
the two second order maxima. is 59.4°.

Calculate the number of lines per millimetre of the grating.

number of lines per MIliMetre = .......cccocvremniininenninsii mm™' [3]

il.com



