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1.1.1 relative signs of incident, reflected and transmitted
waves.

Reflect from a denser medium, change sign (remember case of fi
end, effectively infinitely dense medium, total displacement zero).

Change of sign is phase changerof
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1.2 Acoustic waves In dissimilar media - reflection and
transmission

1.2.1 a. directly

Typical Part B question

1.2.2 Db. Iin terms of impedance

Typical Part A question Note that the valuesiotndT give
R+T =1, (3)

which expresses the conservation of energy.
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1.3 Impedance matching - quarter-wave plates

Perfect transmission between two media, with no reflection, may |
achieved by inserting a matching layer with an impedance which |
the geometric mean of the impedances of the two original media,

with a thickness which is one quarter of a wavelength in the matct

medium.
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2.1 Refractive index

speed of light in free space

refractive index = : : :
speed of light in material

This gives the phase velocity of the light.
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2.2 Phase and group velocity
2.2.1 simple two-frequency treatment

Two waves - mathematics similar to that for beats.
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Group velocity

_dw
8 T 1k
Phase velocity
w
’Up = E
Ow  O(vpk) vy,
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LI A T T



2.3 Waves in more than one dimension



2.3 Waves in more than one dimension

2.3.1 Plane waves In three dimensions



2.3 Waves in more than one dimension

2.3.1 Plane waves in three dimensions

Expression for plane wave in three dimensions



2.3 Waves in more than one dimension

2.3.1 Plane waves In three dimensions

Expression for plane wave in three dimensions

&(x,1)



2.3 Waves in more than one dimension

2.3.1 Plane waves In three dimensions

Expression for plane wave in three dimensions

£(x,t)= Aet@t )



2.3 Waves in more than one dimension

2.3.1 Plane waves In three dimensions

Expression for plane wave in three dimensions

f(X, t): Aez’(wt—k.x)



2.3 Waves in more than one dimension

2.3.1 Plane waves In three dimensions

Expression for plane wave in three dimensions
f(X, t): Aez’(wt—k.x)

for a wave travelling in thelirectionk /| k|



2.3 Waves in more than one dimension

2.3.1 Plane waves In three dimensions

Expression for plane wave in three dimensions
f(X, t): Aez’(wt—k.x)

for a wave travelling in thelirectionk/|k| and with a wavelength
27/ |k|.
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2.3.2 cylindrical and spherical waves

Here we have a phase which varies with distance from the source
direction (i.e. & In place ofk.x).

2.3.3 energy fluxes

Leads to the /(kr) for spherical waves), /+/kr for cylindrical waves.

2.3.4 Curvature of Wavefront

Negligible at large distances (Fraunhofer limit).
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3 Moving sources and Recelvers

The treatment we adopt assumes that the wave Is propagated in ¢
medium, with respect to which the source, or the observer, or bott
moving. This will introduce an asymmetry between the source an
observer. Although we shall use this same formalism when we dis
light: this is an approximation, as we know from the principle of
relativity that there is no preferred frame of reference, and that all
matters is theelativemotion of the source and the observer.
Nevertheless, as long as the velocities involved are not too close |
light speeds, our result will be quite accurate for light.
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In a timet a stationary observer will receive the waves in a distan
ct, which will be ¢t/ \" wavelengths, so the observed frequency will

f''=fe/(c—uvs).
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In a timet an observer moving away from the source with speged
will receive the waves in a distanee — v,t, which will be
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3.2 Stationary source, moving observer

In a timet an observer moving away from the source with speed
will receive the waves in a distanee — v,t, which will be
(ct — v,t)/ X wavelengths, so the observed frequency will be

f'=fle—=wo)/e.

3.2.1 Both source and observer moving

f'= fle—vo)/(c—vs),
taking a positive velocity as being along the source-observer
distance.
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4 Interference - Basic phenomena

4.1 Young’s slits

Constructive interference when path length difference is an intege
number of wavelengths, and assume small angles, so bright lines

yh
=

mA,

y 1S distance from centre of screenis slit spacing; Is slit-to-screen
distance ) is wavelengthyn is an integer.
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4.2 sum of signals from several sources

In general, more increasing the number of regularly spaced interfe
signals sharpens the interference pattern. If we have a large nurr
of sources, we can add them together using the phasor or the con
number picture. This is one of several places (Fabry-Perot, matcr
filter are others) where adding signhals gives a geometric progress

Far from array, looking at an angteoff axis, with source apairt,
phase difference between successive sources will be

?
§ = ;hsinﬂ.
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which is a geometric series with common ratio, so
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The total signal fromV regularly spaced sources will be

Rez’(wt—l—qb) :Aeiwt+A€i(wt+5)

_|_Aei(wt—|—25)

which is a geometric series with common ratio, so
1 — eN’i5

Rei(wt+gb) — Apwt
1 — et

which results in

i(wt+¢) _ A i(wt+(N—1)5/2) sin(INd/2)
e Ae Sin(6/2)

Finally,
- 12
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Nsin (W—f sin(e))

Whenever
A

sin@ = m—

h
wherem is any integer, there is a peak of intensity)).

4.2.1 Diffraction grating

Resolving power is

A
= mN
(A)\)min S

wherem Is the order of diffraction andv Is the number of lines In
the grating.
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5 Diffraction

5.1 Huygens’s principle

Every point on a primary wavefront serves as the source of spheri
secondary wavelets, such that the primary wavelet at a later time |
envelope of these secondary wavelets. The wavelets advance wit
speed and frequency which are equal to those of the primary wav
every point in space.
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5.2 Huygens-Fresnel principle

Every point on a primary wavefront serves as the source of sp
secondary wavelets.The amplitude of the field at any pointis t
superposition of all these wavelets, taking account of their am
and phases.

ner|
ne
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5.3 Fraunhofer diffraction

The range at which wavefront curvature becomes important, the
Rayleigh distance, for an aperture of widtls d- /).






Ignoring the variation of amplitude with distance



Ignoring the variation of amplitude with distance, and absorbing tf
phase change on the average path lergthto the constant term



gnhoring the variation of amplitude with distance, and absorbing tt
nhase change on the average path lergithto the constant term, we
nave the comparatively simple result

/g = constant/ e~ k2T +hyy') q 67
S



gnhoring the variation of amplitude with distance, and absorbing tt
nhase change on the average path lergithto the constant term, we
nave the comparatively simple result

/g = constant/ e~ k2T +hyy') q 67
S

where the integral is over the area of the aperture which is in'tlie
plane,



gnhoring the variation of amplitude with distance, and absorbing tt
nhase change on the average path lergithto the constant term, we
nave the comparatively simple result

/g = constant/ e~ k2T +hyy') q 67
S

where the integral is over the area of the aperture which is in'tlie
plane, or

E = constantf e~ ikaz'+kBY") § o
S



gnhoring the variation of amplitude with distance, and absorbing tt
nhase change on the average path lergithto the constant term, we
nave the comparatively simple result

/g = constant/ e~ k2T +hyy') q 67
S

where the integral is over the area of the aperture which is in'tlie
plane, or

E = constantf e~ ikaz'+kBY") § o
S

wherea and are the direction cosines of the ray travelling from t
aperture to the point of observation.
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5.4 slit diffraction pattern

E = Constant/ e~ ka2 thyy') g o'
S

To derive the intensity pattern
e from above, assume constancy oyer
e integrate over' from —d/2 to d/2 whered is the slit width

e take square modulus of result

e refer to straight-through intensit(0)
- 1 2

sin ( Fzd
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5.5 grating

The grating Is a pattern a¥ slits, each of width/, and spaced at a
distance) between their centres, and the diffracted amplitude fromn
the grating Is the product of the pattern from the arrangement of s

and the pattern from each slit.
- 12 1 2
sin (N;\Th Sm(é’)) sin (ﬁd Sm(é’))

N sin (”/\h Sm(Q)) W)\d sin(0)
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6 Resolution of Iimages

6.1 Rayleigh criterion for slit

Rayleigh’s criterion states that two similar diffraction patterns can
be separated if the first zero of one pattern falls on the central pec
the other — this gives an adequate dip in intensity. For slits this
requires an angular separation) /d.

6.2 Rayleigh for circular aperture

For a circular aperture, the diffraction is circular, and the first zero
occurs at an angle df22)/d, whered is now thediameterof the
aperture.
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7 Reflection and Refraction

7.1 Snel's law

T Siﬂ(@l) = 19 Sin(92)

7.2 phase change on reflection

For small angles of incidence, zero for reflection from a less optic:
dense materialy for reflection from a more optically dense materia
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7.3 Slab

Slab of refractive index with a medium of refractive index; on
each side, light is incident at an angle then the optical path
difference between rays reflected at the front and back of the slab

ang

A=
cos(6-)

(1 — sin®(62)) = 2nad cos(6y).
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7.4 thin film

The commonest situation in which we see interference effects is i
on the surface of puddles, or in thin soap films — assume normal
Incidence. For oll on water, we have constructive interference for :
film of thicknessh if

1 1. Aair
2h = (p+ =) o= (p + =) =,
2 2" nil

wherep Is an integer.
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7.5 Newton’s rings

The geometry is fairly simple: take care over phase changes on
reflection, especially if there is a liquid inserted between the lens :
the plate. Circular fringes are formed.

/.6 wedge

Straight fringes.
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8 Michelson Interferometer

Arrangement: light from a source (which may be extended) is divi
by a partly-silvered mirror, travels to two mirrors, and Is recombine
again by the beam-splitter. Any path length difference gives rise tc
iInterference. Dark fringes given by

A
cos(f) = Po-

8.1 compensating plate for white light

Gives equal path lengths through glass for the two optical paths.
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8.2 measuring refractive index

Putting a different material (e.g. a different gas) into one arm alter
the optical path length.

8.3 precise measurements of wavelength

Visibility of fringes varies with path length difference for a doublet
source.
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9 Fabry-Perot Interferometer

Basic idea Is to allow multiple reflections within a thin film. The
arrangement of the Fabry-Perot interferometer uses two glass pla
form the reflecting surfaces. The pair of parallel plates is called ar

etalon.
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With reflection and transmission coefficients for the two sides of tf
etalonr, ', ¢t andt’, and a phase differenégfor light passing througt
the gap at an angleto the normal given by

2
§ = ;Qdcos(é’) + 2¢

(where¢ accounts for any phase change on reflection - if the mirt
are coated so as to increase the reflection coefficigeniay be
between O and) we find

P \2 1
=1, ——
0 (1 —R) 1—|—Fsi1f12(5/2)7

where
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The resolving power may be increased by increasing the reflectiol
coefficient. This can be done by silvering or by using appropriate
dielectric layers — just as blooming a lens can reduce reflection, ¢
appropriate coating can increase reflectivity.

A

F.
A)\min A
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10 Geometric Optics

Note that throughout our treatment of curved mirrors and lenses v
assume small angles, i.e. we make plaeaxial approximation

10.1 Sign Conventions for Reflection and Refraction

We choose a so-called Cartesian convention, in which

e origin is located at the vertex of the curved boundary or mirror
and at the centre of a thin lens, with thexis directed along the
optical axis from left to right.

e Object, Image, and centre of curvature distances are defined t
the z coordinates of the, z planes which contain them. Thus
distances to points or planes to the right of the vertex or lens
centre are positive, those to the left are negative.
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e light sources and objects are placed to the left of the first surf:
In the system, so that the light rays travel from left to right, but
the object has a negativecoordinate and the object distance w
thus be negative.

e angles are taken to be positive or negative dependent on whe
their tangents are positive or negative.
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We need to insert the signs appropriate to ign convention
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11.2 principal foci and focal length

In drawing ray diagrams, there are thy@encipal rays

e one enters parallel to the optical axis and is refracted so as to
directly or by projection through the second focal point;

e one passes directly or by projection through the first focal poir
and emerges parallel to the optical axis;

e one passes undeviated through the centre of the lens (where
lens surfaces are locally parallel).
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With the image at infinity

h' 250
{\/Z = ——— ——
h f

with distances in mm. With the image at the near point

250 250
M=""=14+22

u f
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11.4 Cardinal or Principal points of thick lens system

Same basic quantities as before — focal points and vertices of len:
but where do we measure them from? We define the so-called
Cardinal Point®r Principal Pointsas follows:

e two focal points defined in terms of entry or exit rays parallel t
the axis;
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e principal planesdefined by the locus of the points of intersecti
of the incident ray through the focus and the exit ray parallel t
the axis (1 andQ»);

e theprincipal points being the intersections of the principal plar
with the axis;

e thenodal pointavhere the ray through the optical centre of the
lens (the ray which emerges parallel to its incident direction)
Intersects the axis.
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11.5 Compound lenses

Simply work through the analysis of the system step by step - as ¢
problem sheet P20. Take the first lens, find the image it produces
that image as the object for the second lens and calculate its posi
relative to the second lens taking into account the distance betwe
the lenses. Plug this result, adjusted where necessary in accorda
with the sign convention, into the lens formula for the second lens
and the job Iis done. Similarly, the overall magnification is the prod
of the magnifications produced by the individual lenses.
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12 Optical Instruments

Have a look at the diagrams for these, just to get an idea of what t
expect Iif you want to draw ray diagrams, locate images, for these
systems.

12.1 compound microscope
12.2 astronomical telescope
12.3 terrestrial telescope
12.4 telephoto lens

NOTE: the question will give you information about the arrangeme
of lenses — you don’t have to remember them.
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