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Constants (PI-IYl 23F)

Vepuna = 343.0m /s,

I,=1.00x107°W/m?,

S Indices of Refraction

Index of Index of
Substance Refraction Substance Refraction
Solids at 20°C Liguids at 20°C
Cubic zirconia 2.20 Benzene 1.501
Diamond (C) 2.419 Carbon disulfide 1.628
Fluorite (Cak,) 1.434 Carbon tetrachloride 1.461
Fused quartz (§5i0y) 1.458 Ethyl alcohol 1.861
Gallium phosphide 3.50 Glycerin 1.473
Glass, crown 1.52 Water 1.333
Glass, flint 1.66
Ice (H50) 1.309 Gases at 0°C, I atm
Polystyrene 1.49 Air 1.000 293
Sodium chloride (NaCl) 1.544 Carbon dioxide 1.000 45

Note: All values are tor light having a wavelength of 689 nm in vacuum.

TABLE 14.1

Densities of Some Common Substances at Standard Temperatace (0°C)
and Pressure (Atmospheric)

Substance p (kg/m®) Substance p (kg/m?)
Air 1.29 Ice 0.917 % 10°
Aluminum 270 X 10% Iron 7.86 X 108
Benzene 0.879 X 10° Lead 11.3 X 108
Copper 8.92 X 10% Mercury 18.6 X 10°
Ethyl alcohol 0.806 x 10* Qak 0.710 X 103
Fresh water 1.00 X 10° Oxygen gas 1.43

Glycerin 1.26 X 108 Pine 0.837% X 10°
Gold 19.3 X 10% Platinum 21.4 % 10°
Helitim gas 1.79 X 10-1 Seawater 1.08 x 10°
Hydrogen gas 8.99 X 1072 Sitver 10.5 X 108
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Medium v (m/s) _Medimm v (m/s)

Cases Liquids at 25°C
Glycerol 1904
Hydrogen (0°C) 1286 Semwater 1533
Helium (0°C) 972 Water 1493
Air (20°C) 245 Mercury 1450
. o Kerosene 1 324
Air (0°C) 331 \fethyl alcohol 1143
Oxygen (0°C) 317 Carbon tetrachloride 926
Vedom  otase) JABLE17.2
Sokids® Sound Levels
) Source of Sound B (dB)
?Yrex glass b 640 Nearby jet airplane 150
Iron 5950 Jackhammer;
Aluminum 6 420 machine gun 130
Biass 4 700 Siren; rock concert 120
- : Subway; power lawn
Gopper 010 er 100
Gold 3 240 Busy traffic 80
Lucite 2 680 Vacuum cleaner 70
Lead 1 960 Normal conversation 50
Rubber 1 600 Mosquito buzzing 40
Whisper 30
Rustling leaves 10
Threshold of hearing 0
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Question 1 (Oscillatory Motion)

1.1 The graph of displacement versus time for a small mass (m = 0.0143 kg ) at the end

of spring is shown in figure below.

1.1.1. Write the equation for displacement x as a function of time f. (5)

1.1.2. Determine the potential (U), kinetic (KE) and mechanical (E) energies of the system at

t-0.173s. (10)

1.2. A particie executes simple harmonic motion with amplitude of 3.00 cm. At what

position does its speed equal one third of its maxinnun speed? (5)
[Z20]

Question 2 (Wave Motion)

2.1. With what tension must a rope with length 2.50 m and mass 0.120 kg be stretched for a

transverse wave of frequency 40.0 Hz fo have wavelength of 0.750 m? (4)

2.2. Show that the wave function y = In [b (x —wt )] is a solution of the linear wave equation

Fy 1 8°
—a—f _—2an ={ where b is a constant (8)
x* v ,

2.3. A transverse wave on a string is described by the wave function

y= (0.120m)sin(%x + 4?21‘)

2.3.1. Determine the transverse speed and acceleration of the string at £ = 0.200s for the point

on the sfring located at x = 1.60 m. (5)



2.3.2. What are the wavelength, period and the speed of propagation of the wave? (3)

[20]

Question 3 (Sound Waves)
3.1. A sound wave in air has a pressure amplitude equal t0 4.0x1072 N /m?. Calculate the

displacement amplitude of the wave at frequency of 10 KHz. (4)

3.2.. A harmonic wave with wavelength of 0.27 m moves with speed 13 m/s. Find the wave

number k and the frequency f of this wave. (4)

3.3. Standing at a crosswalk, you hear a frequency of 560 Hz from the siren of an approaching
ambulance. After the ambulance passes, the observed frequency of the siren is 480 Hz.

Determine the ambulance’s speed from these observations. (6)

3.4. A series of noises have intensities 83x107*W/m?,and 7.2x10°W/nt’, respectively.

What is the sound level of each in decibeis? (6)
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Question 4 {(Superposition and Standing Waves)

4.1. Two ftravelling sinusoidal waves are described by the wave functions

y, = (5.00m )sin [z (4.00 x - 1200 ¢)]and y, = (5.00m )sin [ (4.00x - 1200 r - 0,250 )] where

and y, are in meters and £is in seconds.
4.1.1. What is the amplitude of the resultant wave? (3)
4.1.2. What is the frequency of the resultant wave? (2)

4.2. Calculate the length of a pipe that has a fundamental frequency of 240 Hz assuming the

pipe is
4.2.1 closed at one end (3)
42.2. open at both ends. (3)

4.3. A standing wave pattern is observed in a thin wire with a length of 3.00 m. The wave

function is y = (0.002 m )sin (H)COS (100 m) where x is in meters and t is in seconds.
4.3.1. How many loops does this pattern exhibit? (3)
4.3.2, What is the fundamental frequency of vibration of the wire? (3)

4.3.3. If the original frequency is held constant and the tension in the wire is increased by a

factor of 9, how marny loops are present in the new pattern? (3)

(20}



Question 5 (Light and Optics)

5.1. Light fravelling in air is incident on the surface of a block of plastic at an angle of 62.7°
to the nortnal and is bent so that it makes a 48.1° angle with the normal in the plastic. Find

the speed of light in the plastic. (5)

5.2, Light in air enters a stack of three parallel plates with indices of refraction 1.50, 1.55,
and 1.60, respectively. The incident beam makes a 60.0° angle with the normal to the plate

surface. At what angle does the beam emerge into the air after passing through the stack? (7)
5.3. The critical angle for totfal infernal reflection at a liquid-air interface is 42.5°,

5.3.1. If a ray of light travelling in the liquid has an angle of incidence at the interface of

35.0°, what angle does the refracted ray in the air make with the normal? 4)

5.3.2. If a ray of light travelling in air has an angle of incidence at the interface of 35.0°, what

angle does the refracted ray in the liquid make with the normal? (4)
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