Arvind Borde / PHY 12, Week 10: Optical Instruments
The Magnifying Glass

(1) What are your favorite optical instruments (so

(2) What makes things look big or small?

that we may study them)?

The image size on the retina:
◦ The magnifying glass.

And bigger angular size, bigger image.

◦ The camera/eye.
◦ The interferometer.
◦ The telescope.
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(3) But, the real question: In this whole process

Try this with your hands:

of moving your hands away and toward you, were

Hold them up before your face.

they always in focus? No. They got blurry slightly

Move them away.

under a foot from your face.

Do they appear bigger or smaller?
Now move them close to your face.
Do they appear bigger or smaller?
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The minimum distance an object must be from

Enter the magnifying glass:

the human eye in order to be in focus is ∼ 25 cm
(“near point”).

At that distance, an object will look the biggest

Magnification,

that it can to your unaided eye. Note: θ ≈ h/N .

5 (Why?)

6

Magnification depends on where object is.
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Note: θ0 ≈ h/do . (Why?)

(4) Use (1) and (2) to get a formula for M without
do in it.

If di = −N , (Why the negative?)

assuming eye is focused for near point.

So

For “relaxed eye”, M = N/f .
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(5) A lens has f = 10 cm. What is its magnifica-

(6) Does shorter or longer focal length make for

tion if (a) your eye is relaxed, and (b) your eye is

a better magnifying glass? Shorter.

focused at its near point?
Relaxed:
Near point:
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The Interferometer

The Camera/Eye
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Telescopy

The bending of light causes

lensing.

(7) How does light travel?
In straight lines . . . . . . except when it bends.
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Lensing is what our eyes rely on to see.
Refracting Telescopes

On the previous diagram, different rays of light
travel along different paths and reunite (“focus”)

Lensing is the basis of class of cameras, telescopes,

at the image.

etc., called

There’s an interesting consequence:

These are devices that work like the eye does.

(8) What would happen if part of the lens were
taped off? Would part of the image disappear?
The image would dim – less light gets through –
but no part would disappear.
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refracting devices.

A key attribute of a lens is its
This is

focal length.

the distance at which parallel rays are

focused by the lens.
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Focal length

Image Size
If an object “occupies” an angle θ (in degrees) in
the field of view, then the image size, s, it makes
on a seeing device with focal length f is

s has the same units as f .
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That’s the diameter of the image the moon makes
on your retina.
(10) A telescope with a focal length that’s a thousand times as long (17m), will make an image
that’s how large?

(9) If feye ≈ 17mm, what is s?

A thousand times as large, or 0.15 m.
(That’s 15 cm, or about 6 inches.)
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Image Resolution
Simply increasing the size of an image does not
mean you’ll see more detail.

The

angular resolution

of a device is the

smallest angle between two things that a device
sees as two

.

The formula (for resolution in degrees) is

You also need to increase the

resolution.

where D is the diameter and λ the wavelength.
A smaller θres means better/sharper resolution.
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(11) Better resolution with red light or blue?

(13) Visible light has an average wavelength of

Blue (shorter wavelength).

λ = 5 × 10−7 m. What is the resolution of a

(12) Looking at the formula for resolution, what

telescope with a 1 m lens (diameter)?

might you change in a device to get better resolution across wavelengths?
Increase the diameter.
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How to make better refracting telescopes

The angles in resolutions are usually very small.

◦ Longer telescopes – bigger images.

We use fractions of a degree when representing
small angles:
 ◦
1
= 10 (one
minute
60
◦
 0 
1
1
=
= 100 (one
60
3600

◦ Larger lens diameter – better resolution.
Also, collect more light, so see fainter objects.

).

And avoid “diffraction” (light/dark bands).

second

).
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Problems with refracting telescopes
◦ Long tubes tend to
◦ Larger lenses are

Reflecting Telescopes

flex.
hard to build and support;

they sag in the middle.
◦ Blurring due to

atmosphere for telescopes

on earth; the maximum useful lens diameter
for sharpness is 0.5m.
◦ Chromatic aberration:
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different wavelengths

28

focus at slightly different spots.
Advantages of Reflecting Telescopes
◦ Can support mirror at back: can be as big as

These devices use a mirror to focus rays.

The mirror backing is often glass, because it can
be shaped with high precision.

needed.
◦ No chromatic aberration.
◦ Can use truss tubes, instead of closed.

Polishing the mirror for the Hubble space telescope
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How much precision do you need?

The reflective surface depends on use: aluminum

It depends on the wavelength. For observations at
wavelength λ,

bumps and other imperfections

need to be smaller than λ/4.

(15) Looking at gold, what says it’s a better reflector at the red(ish) end of the spectrum than

(14) Do you need a smoother surface for a radio
telescope or an optical one?
Optical – smaller wavelength so we need a smoother

31surface.

for visible wavelength, gold for infra-red, etc.

the blue?

Its color.

(16) There seems a flaw in reflecting telescopes.
What?

How to capture image inside device?
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The blocking of light in the middle does not obscure part of the image, for the same reason as it
does not for lenses.
It just

lowers the amount of light collected.

The next few slides show you some telescopes used
by astronomers.
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Different reflector models.

. BICEP and Keck Arrays
We travel first to the South Pole:
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• What does this telescope do?
Collecting for several years, starting in 2006, lowtemperature microwave radiation from the very
early Universe (around the “big bang”).
The project is in its third phase, BICEP3.
(An early announcement from BICEP2 in 2014 on

35

the nature of “big bang radiation” was premature.)
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BICEP2 interior
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BICEP2 schematics

Located on the summit of Mauna Kea, 4,205m

. Subaru optical/infrared

high (dry, stable air).
(At least 13 telescopes from 11 countries there.)
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• What has Subaru done?

. Keck

◦ August 2013: Direct sighting of a Jupiter-like
planet around another star.
◦ January 2016: Start of hunt for “Planet X,” a
possible Neptune sized planet beyond Pluto.
◦ January 2017: Star forming galaxies in the distant (therefore, early) Universe.
http://subarutelescope.org/Pressrelease/list.html
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• What has Keck done?
◦ March 5, 2015: 4-image cosmic lens.
◦ March 5, 2015: Evidence for a past ocean on
Mars from analysis of the atmosphere.
◦ February 10, 2017: Dwarf star system with carbon, nitrogen, oxygen, and hydrogen.
◦ Ongoing: Galactic center, UCLA group.
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Diagram

http://www.keckobservatory.org/recent/type/news
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A telescope in the ground? Look at rooftops:

. Arecibo
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These are all satellite dishes:

• What has Arecibo done?

Wavelengths: λ ∼ 1.5–3cm
◦ 2017: Limits on g. waves.
◦ Multi-year: Asteroid hunter.
◦ 2011: Cold brown dwarfs.
◦ 1974: Attempted CETI. −→
◦ 1974: T&H, binary pulsar.
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48 ◦ 1964: Mercury rot. 59 days.
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. ALMA array

Schematic
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• What has ALMA done?

These were telescopes based on earth. They have

◦ February 2015: Star form., Sculptor Galaxy

limitations:

◦ December 2014: Black hole jets blowing away

◦ Atmospheric blurring.

the Hydrogen from entire galaxies.

◦ Rotation of the earth – except for one.

◦ November 2014: Formation of stars > M .

Which? BICEP
◦ Some radiation simply does not reach the earth’s
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At certain wavelengths, we need telescopes based

surface.

. Hubble, 1990 (optical)

in space:
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Fixing Hubble

Inside Hubble
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• What has Hubble done?

. Chandra, 1999 (x-ray)

◦ 2001: Planet forming disks common around
stars; found planets.
◦ 1999–2002: Age of Univ.: ∼ 13 giga-yrs.
◦ 1998–2001: Accelerated expansion of Universe.
◦ 1997: Black holes at centers of galaxies.
◦ 1996: 1,000s of pictures of galaxy evolution.
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• What has Chandra done?
◦ January 2015: Bright X-ray flare from MW
black hole.
◦ 2012: Halo of hot gas around MW.
◦ 2006: Strong evidence for dark matter.
◦ 2002: Possible evidence for quark stars.
◦ 2000: Possible mid-sized black holes.

The Chandra \mirror"
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