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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,

¢=3.00x108 ms™!
Mo =4 x 107 Hm™!
€, =8.85x 10712 Fm™"

e=160x10"19C

h=6.63x10734Js

u=1.66x 10727 kg
m, =9.11x 103" kg
m, = 1.67 x 10727 kg

R =8.31 JK™' mol™

N, = 6.02 x 1028 mol~"

G=6.67 x 107" Nm?kg2

g=981ms™2
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3
Formulae
uniformly accelerated motion, s=ut+ -;— at?
v2 = u? + 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,87YCHA
. - 1Nm_ o
pressure of an ideal gas, p= §7<c >
radioactive decay, X = x,e™M
4, = 0.693
A
itical density of in the Uni SHy
critical density of matter in the Universe, Po=g—a
- v2
relativity factor, =v(1- —55)
current, I = nAve
nuclear radius, r= A3
. . I/
sound intensity level, = 10lg T
0
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1 (a) The refractive index n of a transparent medium is defined by the equation
_G
"=
State what is meant by
() G e
(1) G e s
....................................................................................................................................... (2]
(b) A ray of red laser light enters a transparent medium from air at an angle of incidence of 60°.
The refractive index of the medium for this red light is 1.48.
(i) Inthe space below, sketch a ray diagram to show how the ray is refracted as it enters the
medium. Label your diagram to show
e the normal at the point of entry
e the 60° angle of incidence
e the angle of refraction r.
(3]
- (ii) Calculate the value of r.
IS e °[2]
R

4

Answer all the questions.
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5
(iii) In air, the wavelength of the light is 6.48 x 10~’m and its frequency is 4.63 x 10" Hz.
Determine the wavelength and frequency of this light in the medium.

wavelength =......cccovviiiinnnen m

frequency =.....cccoininiincnicinneenn, Hz

(3]

[Total: 10]
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(a) Fig. 2.1 shows three rays of light X, Y and Z leaving a point light source inside a glass block.

Ray Y meets the glass/air interface at the critical angle C.

(i) Label Con Fig.2.1.

air
Y , | glass
Z
light
source
Fig. 2.1

[1]

(ii) On Fig. 2.1, continue rays X, Y and Z to show their paths after they meet the interface.

(iii) The value of Cis 44°. Calculate the refractive index n of the glass.

N= i

(b) State and describe a practical application of the total internal reflection of light.

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

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

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

[3]

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

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

(T




3

7

Fig. 3.1 shows part of a student’s revision notes about ‘Waves’. The notes contain several errors of
physics.

WAVES
1. Longitudinal waves ave caused by vibrations perpendicular to the divection of

the waves.

2. No waves caw travel through a vacuum, there must be a medivm to carry them.
3. Waves carry the medium from one place to another.

4. Speed Vv is the distance travelled by the wave per unit thme.

5. Frequency f is the number of waves produced in unit time.

&. wavelength A is the distance from a crest to a trough.

Fig. 3.1
Identify 4 incorrect statements of physics and state how each could be corrected.

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

[Total: 8]
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4 (a) Draw alabelled diagram to show the arrangement that you would use to produce, on a screen,
a double-slit interference pattern for light.
(1]
]Itn order to see the interference pattern clearly in a darkened room, suggest suitable values
or
(i) the distance from the double-slit to the screen
distanCe =....cccceeevvvciireecr e
(ii) the distance between the centres of the slits in the double-slit.
distance=.......ccoooimririiinnciie e,
(2]
(b) Fig. 4.1 shows the light and dark fringes in a typical double-slit interference pattern. The
diagram is drawn to full scale.
Fig. 4.1
(i) By taking measurements directly from Fig. 4.1, determine the fringe separation x.
X T tvrveriereneereerrnnennans mm [1]

*712601408"




9
(i) Fringe O is the bright fringe at the centre of the pattern, A is a bright fringe and B is a
dark fringe. For each of these fringes, state in terms of the wavelength A, the value of the
path difference for light coming from each slit.
fringe O  path difference =......oo e e
fringe A path differenCe =......c i e
fringe B path difference =.....coo e
[3]
(c) Use the formula for double-slit interference to explain how the fringe separation would change
if blue light were used instead of red light.
............................................................................................................................................... [2]
[Total: 9]
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10
(a) State two differences between sound and light waves.

S TP
2t ettt e e e e eeene et aeseeeaeareeeiaeteaastesateetaetrensErreasbeee e neranaAeeetasreeenreeanareeeeasreeanreraaaneen
............................................................................................................................................... [2]
(b) The diffraction of waves can be demonstrated using a ripple tank.
(i) Describe how plane, transverse water waves can be produced in the ripple tank.
....................................................................................................................................... 2]
(ii) Explain how the wavelength of the water waves can be increased.
....................................................................................................................................... [1]
(iii) State how the speed of the water waves can be reduced.
....................................................................................................................................... [1]
(c) Fig. 5.1 shows plane water waves in a ripple tank approaching a narrow gap.
On the diagram, draw the pattern of the wavefronts emerging from the gap. [2]
Fig. 5.1

AR
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(d) Explain why the diffraction of sound waves is much more likely to be noticeable than the
diffraction of light.

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

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

[Total: 10]
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