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9.4 Resolution

Question Paper

Course DPIB Physics
Section 9. Wave Phenomena (HL only)
Topic 9.4 Resolution
Difficulty Hard
Time allowed: 50
Score: /39
Percentage: /100
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Questionla

Thereis a supermassive black hole at the centre of the Andromeda galaxy. Itis difficult forastronomers using a telescope to
resolveimages of the region around this black hole directly.

(a)

(i)

Sketch on the axis the variation in the intensity of the diffraction pattern produced when light from a point object passes
through a circularaperture.

[2
Intensity
0 Angle
(ii)
Explain the meaning of the Rayleigh criterion. Draw a diagram to aid your explanation.
[2]
[4 marks]
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Question1b

Astronomers investigating the supermassive black hole at the centre of the Andromeda galaxy detectradiowaves ata
frequency of 240 GHz. By correlating the information from several radio telescopes, they can obtain the sameresolution as a
singleradio telescope with a diameterof 4500 km.

(b)
Calculate the angularseparation of the black hole as detected by the telescope on Earth.
(2]
[2 marks]
Questionlc
The centre of the Andromeda galaxy is 27 000 light years away from the Earth and the black hole atits centre has a mass
equalto 9 x 103 kg. The following equation can be used to calculate the radius of a black hole:
2GM
S - 02
(c)
(i)
Compare thelimit of resolution of the telescope from (b) and the angle subtended by the radius of the black hole to the
perpendicular distance of the black hole from the Earth.
(3]
(i)
Identify and give a reason forwhether the entire black hole can be seen through the telescope.
(2]
[5 marks]
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Question 2a
The Hale telescope in Palomar California was designed and built by the California Institute of Technology in the 1940s.

(a)

Draw a diagram to show the path of two rays emerging from stellar objects, parallel to the axis, through the Hale telescope,
as faras the eyepiece.

[2]
[2 marks]

Question 2b

The Hale telescope was one of the first telescopes to use a diffraction grating. The diameter of the diffraction gratingis 12.5
cmwith 250 lines permm. The wavelength of the incident lightis 2.5 um.

(b)
Calculate theresolving power of the diffraction grating.
(3]
[3marks]
Question 2¢
(c)
(i)
Calculate the smallest differencein frequencyin GHzin the light that the grating can detect.
(2]

(if)
State the type of radiation that can be detected by the Hale telescope.
(1
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[3marks]
Question 2d
Toreduce atmospheric absorption problems the telescope was built in the Palomar Mountain Range.
(d)
(i)
Identify the component of the atmosphere that absorbs the mostinfraredradiation.
(1
(if)
The spectrum of light from objects observed by the telescope can be used to predict theirtemperature.
Explain why this absorption can lead to errors in the temperature value.
(2]
[3marks]

Question 3a

Abinary starsystemin Alpha Centurican be observed from Earth. Alpha CenturiAandB are 4.35 light years away from Earth
andare 23 AU from each other.

(a)
Calculate the angular separation of the two stars from Earth. Give your final answer to one significant figure.
(2]

[2 marks]
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Question 3b

(b)

(i)

Complete the graph to show the individual angular separation andintensities for Alpha CenturiAand B when they canjust be
resolved by an observeron Earth.

Intensity (W m2)
2.5+

ol
o

| I | |
Angular separation (rad)
(2]
(ii)
Label the x-axis with the appropriate values forangular separation.
[3]

[5marks]
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Question 3¢

(d)
State and explain the changes that would be observed on the graph from youranswerto (b) part (i) if Alpha CenturiAand B

both moved furtheraway from the Earth by an equalamount.
(4]

[4 marks]

Question 4a
The James Webb Space Telescope has a mirror diameter of 6.5 m and operates with a wavelengthrange of 0.6 umto 28 um.

(a)
Determine whetherit can resolve two binary stars 3.6 x 10'° m apart ata distance of 3.19 x 107 m away.
(3]

[3marks]
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Question 4b

The James Webb Space Telescope (JWST) was launched with the criteria to "see further" than the Hubble Space Telescope
(HST). The followinginformationis available:

James Webb Space Telescope Hubble Space Telescope
Mirror Diameter 65m 25m
Distance from Earth 1.5 x 106 km 547 km
Range of Observable
Wavelengths 0.6umto28um 0.lumto2.5um

(b)
Evaluate how each of the factors given in the table will enable the James Webb Space Telescope to be effective in meetingits
criteria.

[3]

[3marks]
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