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Data

speed of light in free space,
permeability of free space,
permittivity 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,

¢=3.00x 108 ms™
Mo =47 x 1077 Hm™!
€, = 8.85x10~12 Fm-"

e=1.60x10"12C

h=6.63x10"34Js

u=1.66 x 10~27 kg
m, =9.11x1031 kg
m, = 1.67 x 10727 kg

R = 8.31 JK-1mol~?
N, = 6.02 x 1023 mol~!

G = 6.67 x 10~1" Nm2kg-2

g=9.81ms2
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Formulae

uniformly accelerated motion,

refractive index,

capacitors in series,
capacitors in parallel,

capacitor discharge,

pressure of an ideal gas,

radioactive decay,

critical density of matter in the Universe,

relativity factor,

current,

nuclear radius,

sound intensity level,

1
s = ut+3zat?

v2 = y2+2as
n= ,1
sinC
1_1.1,
C_C1 C,
C=C+Cy+
X = x.e-t/CR

X=X e
. _ 0693
i 4
3H,?
Po = 8nG
2
=V(1-27)
I = nAve
r=r,A"8
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Fig. 1.1 shows a laboratory experiment to determine the refractive index n for red light, from
a laser, passing from air into a liquid.

normal

liquid

Fig. 1.1

(a) (i) Show on Fig. 1.1 the angle of incidence J, and the angle of refraction r. [2]

(ii) State how the refractive index n would be calculated from the measured values of
iand r.

(1]

(b) The speed, frequency and wavelength of the light beam in air are v, f and A

respectively.
(i) By placing ticks (v') in the appropriate boxes of Fig. 1.2 show which of these terms
increase, decrease or stay the same when the light enters the liquid. [3]
increase decrease stay the same
speed
frequency
wavelength

Fig. 1.2
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(ii) State, for those that change, their new value in terms of v, f, A and n.

[2]
[Total: 8]
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Fig. 2.1 shows a step index optic fibre with a ray of light striking the core/cladding boundary
at angle of incidence 6.

i cladding
/'/@\
: core
cladding

Fig. 2.1

(a) (i) State the name of the effect shown in Fig. 2.1.

(ii) State the conditions necessary for the ray in Fig. 2.1 to be completely reflected
into the core.

(b) The optic fibre is 900 m long and the core of the fibre has a refractive index of 1.48.

(i) Calculate the speed of light in the core.

speed = ........ccenvinniennnnns ms~ [2]
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7

(i) Calculate the minimum time taken for light to travel along the core of the fibre.

1111 IR s [2]
(iif) The ray following the path shown in Fig. 2.1 takes approximately 45 ns longer than

the minimum time to travel along the fibre. Estimate, by calculation, the extra
distance travelled by this ray.

distance = ........coovneiriininnns m [2]

(c) A microsecond pulse of monochromatic laser light has a square shaped intensity-time
profile, as shown in Fig. 2.2a, and is sent into one end of the fibre.

intensity intensity

» time » time
Fig. 2.2a Fig. 2.2b

(i) Show on Fig. 2.2b how the pulsé shape will have changed after passing through
a long length of fibre. [2]

(ii) Explain why the pulse shape has changed.

[Total: 13]
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3 (a) Two coherent light wavetrains meet at a point and interfere destructively. Explain what
this means and state two conditions that must be fulfilled before totally destructive
interference can occur.

(b) Fig. 3.1 shows an experiment to demonstrate interference effects with microwaves. A
transmitter, producing microwaves of wavelength A, is placed in front of two slits
separated by a distance a. A receiver is used to detect the strength of the resultant
wave at different points in front of the slits.

'Y
S : f
\ 82 : /
transmitter ' * receiver
) D iz
Fig. 3.1

(i) Explain, in terms of the path difference between the wavetrains emerging from the
slits S, and S,, why a series of interference maxima are produced along the
line YZ.

(ii) Assuming that the interference of the microwaves is similar to double slit
interference using light, state in terms of a, D and A, an expression for the distance
x between neighbouring minima on the line YZ.
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(iii) Use your answer to (ii) to predict how x would change if the distance a was
doubled.

(c) Explain why it is necessary to use a barrier with two slits rather than two separate
transmitters.

[Total: 10]
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4 (a) Draw a labelled diagram to show how plane water waves, in a ripple tank, are diffracted
as they pass through a narrow rectangular slit.

[3]
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(b) Fig. 4.1 shows a piano being played on one side of a wall. Suggest why the person
standing on the other side of the wall can hear the piano clearly even though she
cannot directly see it.

[Total: 5]
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(a) A transverse wave pulse moves along a slinky coil. State how any single coil in the
slinky will move as the pulse passes it.

............................................................... 2]

(b) Fig 5.1 shows a large measuring cylinder. The air column in the cylinder can be made
to produce a note by blowing horizontally across the top of the cylinder.

Fig. 5.1 Fig. 5.2

(i) State the direction in which the particles in the air column move when the note is
produced.

(ii) The air column in Fig.5.1 is producing its lowest frequency note (the
fundamental). Label on Fig. 5.1 the positions in the cylinder of a node, with the
letter N, and an antinode with the letter A. [1]
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(iii) The length of the air column is 0.40 m and the speed of sound in air is 320ms™.
Calculate the frequency of the lowest (fundamental) note.

frequency = ....ocovieieiiniiiens Hz [3]

(iv) Label on Fig. 5.2 the positions of nodes (N) and antinodes (A) when a note of
higher frequency is being produced. [2]

[Total: 9]
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