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Data

speed of light in free space,
permeability of free space,
permitti_vity of free space,
elementary charge,

the Planck constant,
unified atomic mass constant,
rest mass of electron,

rest mass of proton,

molar gas constant,

the Avogadro constant,
gravitational constant,

acceleration of free fall,

c=3.00x108 ms™1
po = 4w x 107 Hm™!
€ = 8.85x 10712 Fm~1

e=1.60x10"19C

h=6.63x10"3%Js

u=1.66x10"2"kg
my = 9.1 x 10731 kg
m, = 1.67 x 107 kg

A =8.31 JK™' mol~!
N, = 6.02 x 1023 mol~*

G=6.67x10""" Nm2kg2

g=981ms™=2
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Formulae
uniformly accelerated motion, s = ut+3at>
v2 = u24+2as
refractive index, n= ——1——
sinC
capacitors in series 1.1 + 1
’ C C, G,
capacitors in parallel, C=C,+C,+
capacitor discharge, x = x,07VCR
pressure of an ideal gas, p= 37 <Cc%>
radioactive decay, X = XM
4, = 0:693
: A
tical densi in the Uni 3H,?
critical density of matter in the Universe, Po= gnG
. v2
relativity factor, =V (1- =)
current, I = nAve
nuclear radius, r= A"
sound intensity level, = 10lg (T)
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4

Answer all the questions.

Fig. 1.1 shows a ray of light travelling from medium 1 to medium 2.

medium 1

normal

Fig.1.1

The speed of light in medium 1 is 3.0 x 108ms~1. The speed of light in medium 2 is
1.9x 108ms™.

(a) (i) Mark on Fig. 1.1 the angle of incidence i. [1]
(i) Show on Fig. 1.1 the approximate path of the ray in medium 2. 1]

(b) (i) Calculate the refractive index for light passing from medium 1 to medium 2.

refractive indeX = ....cccccrrvericerennccineena, [2]

(ii) Determine the value of i that corresponds to an angle of refraction, in medium 2,
of 35°.

F S rerereerresesre e s senens ° [2]
[Total: 6]
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2 (a) State two conditions necessary for light to be totally internally reflected. %

\
core cladding

light
source

Fig. 2.1

The refractive index for the cladding/core interface is 1.01.

(i) Calculate the critical angle for the cladding/core interface.

critical angle = ....cccccocrrvriiviiininnnen ° 2]

(ii) The fibre is to be used for data transmission. Explain why a large critical angle is
needed and suggest why a large critical angle results in a weak light pulse
travelling down the core.

..................................................................................................................................
..................................................................................................................................
----------------------------------------------------------------------------------------------------------------------------------
..................................................................................................................................
..................................................................................................................................
..................................................................................................................................

[Total: 8]
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3 (a) (i) State three phenomena that are associated with all waves. °

B. eeeeeteeeeeeee e eeeneme et ee ettt et A £ttt st e e e ee e ee s e ne e 13]

............................................................................................................................ [1]
(b) Define the following wave characteristics.
(i) frequency f
(ii) wavelength A
[2]

(c) Use the definitions of fand A to deduce the relationship between f, 1 and the speed v
of a wave. Explain each stage of your deduction.

(2]

2823/01 Jan04



7 For
Examiner’s
Use

(d) Fig. 3.1 represents the screen of a cathode ray oscilloscope (c.r.0.).

11cm

<>
1cm

Fig.3.1

The time-base setting is 0.50mscm™ and the voltage (y-gain) setting is 2.0mVem™.
A microphone connected to the c.r.o. detects a pure (sinusoidal) sound wave note of

frequency 500 Hz.
(i) Calculate the period of the note.

period T crcrrereneeseneenaeennn s [1]
(if) The amplitude of the signal from the microphone produced by the note is 6.0 mV.

Draw on Fig.3.1 the trace produced on the c.r.0. screen when the microphone
detects the sound wave. Draw at least two full cycles of the wave on Fig.3.1.  [3]

(ili) The speed of sound in air is 330ms~1. Calculate the wavelength of the sound
received by the microphone.

wavelength = ......ccoovvcieiniceneeen. m [2]

[Total: 14]
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(a) State one similarity and one difference between progressive waves and standing
waves.

similarity

(b) A standing sound wave can be produced in an air column by blowmg across the open
end of a tube as shown in Fig.5.1.

air

—_
. x
. 0.36m
I 2
Fig.5.1

The length of the tube is 0.36 m. The air column in the tube is sounding its lowest
(fundamental) frequency note.

(i) Add arrowed lines to the dots in Fig.5.1 to show the direction of movement and
relative amplitudes of the air at these positions. [3]

(ii) Calculate the wavelength of the sound produced.

wavelength = ..o, m [1]
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(iii) The speed of sound in air is 330ms™'. Determine the frequency of this standing
wave.

frequency = ....cceeeeeeieccccceenes Hz [2]

(iv) Determine the value of the lowest frequency of the note produced in a tube of this
length but open at both ends. Show your reasoning.

lowest frequency = ......ccccceveeceenennen, Hz [3]

[Total: 11]

2823/01 Jan04 [Turn over



10 For

Examiner’s
Use

5 (a) (i) State whatis meant by a progressive wave.

----------------------------------------------------------------------------------------------------------------------------------

(i) Describe in terms of the motions involved, the essential difference between
longitudinal and transverse progressive waves.

..................................................................................................................................
----------------------------------------------------------------------------------------------------------------------------------

[2]
(b) Describe how
e plane, transverse water waves can be produced in a ripple tank
e the wavelength of these waves could be increased
e the speed of these waves could be reduced.
.................................................................................................................................... [3]

[Total: 6]
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END OF QUESTION PAPER
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OCR has made every effort to trace the copyright holders of items used in this Question paper, but if we have inadvertently
overlooked any, we apologise.

2823/01 Jan04



