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Sensitivity and Resolution
bLesson Outline

Syllabus References

9.7.1.2.3 — define the terms “resolution” and “sensitivity” of telescopes

Resources

Video: Faulkes Telescope South Introduction
http://www.hscphysics.edu.au/resource/fcjs1e2em1kxcrf3

Video: Sensitivity and Resolution
http://www.hscphysics.edu.au/resource/SensitivityResolution.flv

Pre-video Activities

What does a telescope do? Address any misconception that telescopes magnify the night sky.
Why are telescopes so large?

What is sensitivity?

What is resolution?

View Video

Video: Faulkes Telescope South Introduction
http://www.hscphysics.edu.au/resource/fcjs1e2em1kxcrf3

View Video

Video: Sensitivity and Resolution
http://www.hscphysics.edu.au/resource/SensitivityResolution.flv

Post-video Activities

Lead a discussion on the following question:
Telescopes are used for either: imaging, where celestial objects are clearly resolved; or photometry,
where the radiation is measured for brightness or split to obtain a spectrum. How would the sensitivity

and resolution vary for these purposes?

Post-video activity: Sensitivity and Resolution worksheet
Students complete the worksheet individually

"6 453" - *" /| NVMJIN FEJB \ Lof5

GPS QI ZTIDT TUWEFOUT

bl



xxx | TDQJ ZTDTrevey

p a T D

Sensitivity and Resolution

1. Define the term sensitivity.

2. Complete the following sentence. Resolution is

and it is proportional to

Apparent magnitude is a measure of the brightness of a star as seen here on Earth. Taking
brightness measurements involves measuring the diameter of a stars’ image. Below is a calibration
scale to help you analyse your images.

Apparent magnitude (m)

-2 0 5 10
Brighter Fainter

10 5 0
Star diameter on photograph

Telescope A Telescope B

? The images above show two bright stars (labelled 1 and 2) in the centre of the image and many
fainter background stars. These images were seen through two different telescopes (A and B).

3. Identify the telescope that has higher resolution and explain your answer.

-
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4. Compare the faintest stars visible in the images above. |dentify which telescope has the greater
sensitivity and justify your answer. S

Image 1 below was taken through a telescope with a larger diameter than that used to make images 2
and 3. The other variable involved was the length of time the image was taken for (the exposure
time). Since the surface area (! r?) of a telescopes’ mirror is related to its radius the diameter will affect
both the sensitivity and resolution. The exposure time will determine the total amount of light that is
collected in the image.

5. If the exposure times for images 1 and 2 were chosen so each image would to collect the same
amount of light explain the difference in resolution between image 1 and image 2.

6. If the exposure time of images 1 and 3 were the same explain the obvious difference in sensitivity.

7. The relationship between theoretical resolution (R in arcseconds) of a telescope, the diameter of
§ the primary mirror (D in metres) and the wavelength (" in metres) of the radiation being collected is

given by the equation below. Calculate the resolution of the Faulkes telescope where D = 2m and
check your result against the table on the next page.

R# 210000”
D
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The following table summarises data on a range of telescopes:

Diameter of Area of Theoretical Theoretical
Telescope primary mirror | primary mirror resolution gain in

(m) (m?) (arcseconds) magnitudes

Human eye 0.007 0.0001 17 0
Telescope with the mirror

diameter of a small bucket 0.15 0.02 0.8 7
Faulkes Telescope 2 3 0.06 12
Anglo-Australian Telescope 3.9 12 0.03 14
Keck Telescope 10 79 0.01 16

Notes: (1) For comparison the table includes the human eye and a telescope with a mirror the
diameter of the bucket featured in the video. (2) The theoretical gain in magnitude shows how many
more magnitudes fainter stars you can observe are with each telescope compared with the naked eye.

8. The theoretical gain in magnitude is an indication of the sensitivity of the telescope. A more
sensitive telescope can see fainter objects and therefore sees objects many magnitudes fainter than
the human eye. Describe the relationship between sensitivity the diameter of a telescopes’ primary
mirror from the data in the table above.

9. Sketch your prediction for the graph
of theoretical resolution vs. diameter of
the primary mirror on the axes below.
Then plot the data on the grid provided
to test your prediction and describe the

relationship shown.
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10. Galileo was the first to use a telescope to study the heavens in 1609. His telescope lens had a
diameter of 37mm. Assess the impact of improving telescope technology on our understanding of
celestial objects by discussing the impact of this improving technology on sensitivity and resolution.
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