
Physics 1C
Lecture 27C

Quiz # on Monday:
All of Chapters 26 and 27.



Resolution
If viewed through a slit of width, a, and applying
Rayleigh’s criterion, the limiting angle of
resolution is:

For the images to be
resolved, the angle
subtended by the two
sources at the slit must
be greater than θmin.
For a circular opening
of diameter D:



Radio Astronomy



Astronomy through
Interferometry

All of these use correlated measurements from more than one
telescope in order to increase their effective aperture, and thus
beat the diffraction limit of the individual telescopes.



Challenge in Interferometry
• The signals from the different telescopes need to be made to

interfere with each other.
• This requires a measurement of both the phase and amplitude

of the incoming signals.
• Phase is obtained by timing of peak amplitude.
• Synchronized atomic clocks

• Sufficiently accurate phase measurements can only be done
with long wavelength EM waves.

• Accordingly, this technique is only used in radiowave
astronomy.
• The longer the wavelength, the easier it is to measure the

phase.



Crude Benefit Analysis

• Fully instrumented (and thus smaller aperture) single
telescope allows viewing of dimmer objects.

• Interferometry is similar to having a larger instrument but
with sparsely instrumented sensitive area.
• Better angular resolution
• Dim objects can only be resolved at the angular resolution

of the individual telescopes, not the array.
• Resolution generally differs for different directions in field

of view.



Concept Question

What’s the limit for resolving distant objects via earth
based astronomy?

A) engineering limit of how small an aperture telescope
can be constructed.

B) engineering limit of how large an aperture telescope
can be constructed.

C) roughly speaking, the diameter of the earth



EVN
largest distance
interferometry

Radio telescopes throughout the world
do interferometry together.



VLA in New Mexico & Satellite HALCA

HALCA has only
8m diameter

Comparing resolution of
a Quasar with VLA and a combo 
of VLA and HALCA



Diffraction Grating
The diffraction grating consists of many equally spaced
parallel slits.

A typical grating contains
several thousand lines per
centimeter.
You will again get an
interference pattern
that consists of bright
and dark spots.
The bright spots will be
sharper than in the
double slit case.



Diffraction Grating
The condition for maxima is:

where m is 0, ±1, ±2, ...
A central maximum is
defined and the angle θ is
still measured with
respect to the centerline.
The dark spots will be
wider than in the double
slit case.

 

d sin!bright = m"



Diffraction Grating Spectrometer
The collimated beam is incident on the grating
The diffracted light leaves the gratings and the telescope
is used to view the image.

The wavelength can be
determined by
measuring the precise
angles at which the
images of the slit
appear for the various
orders
m = 0, ±1, ±2, ...



Diffraction of X-rays by Crystals
X-rays are electromagnetic radiation with short
wavelengths (λ~0.1nm; Wilhelm Röntgen, 1895).
X-rays have the ability to penetrate most materials.
Max von Laue suggested that the regular array
of atoms in a crystal could act as a three-
dimensional diffraction grating for x-rays.
The spacing is on the order of 10-10 m

A collimated beam
of monochromatic
x-rays is incident
on  a crystal.



Diffraction of X-rays
X-rays are produced when high-speed electrons are
suddenly slowed down.
This principle is used in
x-ray tubes.
This slow down can be
caused by striking a
metal target.
The key point to
remember is that any
time a charged particle is
accelerated it will emit
electromagnetic
radiation.



Diffraction of X-rays
If you shoot a beam of x-rays at a crystal such that it diffracts
onto a photographic film, the diffracted radiation will have
sections of high intensity.
These sections correspond to constructive interference.

This array of spots is called
a von Laue pattern (1912).
Since x-rays are just a form
of light, these spots are
caused by a path length
difference.



Diffraction of X-rays

For diffraction to occur, the spacing
between the lines must be
approximately equal to the
wavelength of the radiation to be
measured.
The crystal structure can be
determined by analyzing the
positions and intensities of the
various spots if the wavelength of
incident radiation is known.
Or, if the crystal structure is already known, the radiation wavelength can be
measured.

2d sin! = m"
Bragg’s Law



Diffraction of X-rays
Laue pattern for beryl. Laue pattern for RuBisCO.



Diffraction of X-rays
A model of the cubic
crystalline structure of
sodium chloride.
The blue spheres
represent the Cl– ions
and the red spheres
represent the Na+ ions.
The length of the cube
(unit cell) edge is
a = 0.563 nm



Bragg’s Law
The beam reflected from the lower surface travels
farther than the one from the upper surface.
If the path length difference equals some integral
multiple of the X-ray wavelength, you will get
constructive interference.

Bragg’s Law gives
the conditions for
constructive
interference:

where m = 1, 2, 3,...



X-ray Diffraction: Summary
W. H. Bragg and his son W. L. Bragg shared a Nobel
prize in 1915 for their method of X-ray diffraction.
This technique helped to determine the molecular
structure of proteins, DNA and RNA.
It uses x-rays with λ = 1Å = 0.1nm and allows to “see”
individual atoms that are separated by about this
distance in molecules.

The double-helix structure of DNA
An x-ray photo of DNA



Holography
Holography is the production of three-dimensional
images of objects.
The physics of holography was developed by Dennis
Gabor in 1948. He was awarded the 1971 Nobel Prize.

The laser (1960s) met the requirement of coherent light
needed for making holographic images.



Holography
Light from the laser is split into two parts by the
half-silvered mirror B.

One part of the beam reflects off the object and
strikes an ordinary photographic film.



Holography
The other half of the beam is diverged by lens L2,
reflects from mirrors M1 and M2, and then also strikes
the film.

The two beams overlap to form a complicated
interference pattern on the film.



Holography
The film records the intensity of the light as well as the
phase difference between the scattered and reference
beams.
The phase difference results in the 3-D perspective.



Holography
Notice that no lens is used to focus the light on the film. Light from
each point on the object reaches all points on the film.

Each region of the hologram contains information about all
illuminated points on the object, therefore hologram ≠ image.



Holography
A hologram is best viewed in coherent light passing
through the developed film.

The interference pattern recorded on the film acts as a
diffraction grating.

By looking through the hologram, we see virtual image.



Concept Question
UV light with λ = 350nm is incident on a diffraction grating
with slit spacing d and forms an interference pattern on a
screen a distance L away. The locations of the bright fringes
are marked on the screen. If red light with λ = 700nm is
used, the bright fringes will coincide with the marks on the
screen if:

A) the screen is moved to a distance L/2 from the
grating.
B) the screen is moved to a distance 2L from the
grating.

C) the grating is replaced with one of slit spacing d/2.

D) the grating is replaced with one of slit spacing 2d.
E) nothing is changed.

 

d sin!bright = m"



For Next Time (FNT)

Finish reading Chapter 27

Study for Quiz #3 on Friday


