Lab #1:  Basic Construction of Astronomical Instruments

Instructions

Part A:  A Refracting Telescope:

Please follow the instructions on this sheet and answer questions on the worksheet.  
1.  Mount an objective lens (a large or long focal length lens) in the lens holder provided and place at the end of the optical track.  

2.  Determine the focal length of the objective lens by doing the following:


a)  Turn the optical track so that it points toward a distant, bright object with the  objective lens at the end of the track toward the bright object.


b)  Move a clean white sheet of paper back and forth along the axis of the objective lens on the side of the lens opposite the bright object (that is, along the optical track).  Find the position where an image of the bright object appears most clearly on the paper.  The focal length is the distance from the center of the lens to the position where the light from a distant object focuses.  

3.  You will be given two eyepiece lenses. Measure the focal length of each and record the results. 
4.  Make a telescope by lining up the objective and the eyepiece with the longer focal length along the same axis (check to be sure that the centers of both lenses are at the same height and that neither lens is turned to the side) at the correct distance from each other.  The correct distance is given by the sum of their focal lengths, as shown in the diagram below.  Determine the correct distance experimentally by putting your eye at the eyepiece and changing the distance between the lenses until a clear image appears in focus.  Measure the total length of your telescope when the image is in focus and compare that to the sum of the focal lengths of the two lenses.
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5. If you switch to the shorter focal eyepiece, will the distance between lenses when in focus increase, decrease or remain the same? After recording your answer, change the eyepiece to test your prediction.
6. Magnification is defined as the ratio of the apparent size of the image as you see it through the telescope to the apparent size of the object as you see it without the telescope. 

a) Which eyepiece do you expect to give a greater magnification? Write your answer before proceeding. 

b) Compare qualitatively the magnification with the two eyepieces. Do not make a measurement. This step could be more efficient if you team up with another group and use two telescopes. 


c) Your instructor will explain a method to measure the magnification experimentally. Measure the magnification with the thick eyepiece. 


d) Calculate the theoretical magnification with the thick lens. 


e) Compare your measured magnification to the expected (theoretical) value (which equals Fobjective/Feyepiece).

f) What is the theoretical magnification with the thin lens, and does this agree qualitatively with your answer to 6b?
7.  Determine the effects of different aperture sizes:  (“aperture” literally means “hole”.  In terms of telescopes, it means the cross-sectional size of the objective lens, since one thinks of the objective lens as the hole through which the light falls through to be focused.)  


a)  Imagine that you put a piece of black paper with a 1 mm hole over the objective lens and look through the telescope.  Predict what you will see and record the prediction on the worksheet.


b) Test your prediction. Aim the telescope at a faint object. Move the paper around so that the hole moves around on the objective lens.  Record your observation.


c)  Compare carefully the quality of the image when the small hole is placed over the objective to that without the small hole.  What differences do you see?  In particular, in what ways is the image improved with a larger aperture?  


d)  Why should the objective lens of a telescope be large? What advantage does a large aperture telescope have over a smaller aperture telescope with the same focal length?  
Part B:  A Spectroscope

To break a beam of light into a spectrum, one separates the wavelengths of light by passing the light through either a grating or a prism.  But, before the light passes through the grating or prism, it should first pass through a narrow slit.  Then, the light that passes through the grating or prism is an image of the slit and so an image of the slit will be seen at each wavelength.  Since the slit is narrow, there will be minimal overlap of the images at neighboring wavelengths.  The separate wavelengths can then be distinguished from each other.  Imagine, for example, if the light source was as large as the Nott Memorial and a slit was not used.  The red image of the Nott would overlap the blue image and all the colors in between would be smeared together.  You would not be able to see the individual colors and so you would not have succeeded in breaking up the light into a spectrum.

Instructions:

1.  Make your own spectroscope.  You’ll need a diffraction grating (mounted on a 35-mm slide), one piece of construction paper (to act as the housing for your device), two small roughly 2” x 1” pieces of construction paper (with which you’ll make the slit), and tape.  First tape the sheet of construction paper into a long, square tube, leaving a square opening at each end about the size of the diffraction grating. (The recommended method is to make 4 folds, each 1 15/16 inches apart, so that the 5th side covers the first side to avoid light leaks at the seam). Make a slit at one end by taping on the two pieces of paper leaving about a 1/2 mm gap.  (Leave too wide a gap is a common mistake.) Before taping the diffraction grating to the other end, make sure the slit runs perpendicular to the direction that the grating spreads out the light.  Rotate the diffraction grating as needed so the spectrum appears as a series of parallel lines, then tape your diffraction grating in place. Study the instructor’s demonstration spectroscope if you’re uncertain.

2.  Point your spectroscope at an ordinary incandescent lamp.  What does its spectrum look like?

3.  Emission of different gases.  With your spectroscope, look at each of the hot gases in the Balmer light tubes.  Note that each gas emits a series of “emission lines,” and that each has a completely different set of emission lines.  Why does the light from the gases appear as “lines”, in contrast to that of the incandescent lamp?

4.  Draw a simple diagram of each of the spectra on your worksheet.  Label each gas that you observed. Take care that you draw the correct pattern, focusing particularly on the relative separations of the lines.  Also indicate the color of each line.  These diagrams represent the spectral fingerprints of these gases. 

Show your diagrams to your instructor. Referring to your diagrams, identify the glowing gas in an unknown fluorescent lamp.  

5.  Sometime during the day (later in the week) point your handmade spectroscope at the sky, far from the Sun (not at the Sun!).  What type of spectrum do you see (emission line, continuum, continuum with emission lines, or continuum with absorption lines)?  Can you explain why?

6.  Sometime in the evening (later in the week) point your handmade spectroscope at some lights around campus and determine which ones are incandescent lights and which are not.  Note the locations (public, verifiable places!) of these lamps and write them on your worksheet. 

Lab #1:  Basic Construction of Astronomical Instruments: Questions

Name: _____________________________________   Section_______________________
Partner's Name: _____________________________

Please answer the following questions. Be clear and concise. 

Part A : Refracting Telescope

2. Describe how the focal length of the objective lens was measured:

The focal length of the objective was measured to be:  _______________ (include your unit)

3. a)The focal length of the thin eyepiece was measured to be:  ________________ (include your unit)
b) The focal length of the thick eyepiece was measured to be:  ________________ (include your unit)

4.  Sketch the basic structure of a refracting telescope, identifying the major optical components:

What is the total length of your telescope (with thin eyepiece) when the image is in focus?  _________________ 

What is the sum of the focal lengths of the two lenses?  _________________ 

If the answers to the previous two questions disagree, can you give a reason why?
5. a) Prediction: With the thicker eyepiece, will the distance increase, decrease or remain the same? (Circle your answer)
b) Measured distance with thicker eyepiece__________________
6. a) Prediction: Which eyepiece will give a greater magnification? (circle two)

Longer FL
Shorter FL
Thick lens
Thin lens

b) Result: Which eyepiece gave a greater magnification? (circle two)

Longer FL
Shorter FL
Thick lens
Thin lens

c) What is the measured magnification of your telescope with thick lens?   __________________

d) What is the theoretical magnification of your telescope?   _________________ 

e) How does that compare with the measured magnification? 

f) What is the theoretical magnification with the thin lens, and does this agree qualitatively with your answer to 6b. 

7. a) Prediction of what happens when small hole is placed in front of the objective:

b) What actually happens?

Explain:

c) Describe the differences in quality that you observed. Circle adjectives that apply when using the large aperture:




brighter      fainter     clearer   
 blurrier     

Can you explain why the image quality varied as it did?

d) Why should the objective lens of a telescope be large? What advantage does a large aperture telescope have over a smaller aperture telescope with the same focal length?  

Part B : Spectroscope

1.  Sketch the basic structure of a spectroscope, identifying the important components.

2.  Sketch the spectrum of an incandescent lamp in the box (approximate location of colors is provided). Write one sentence describing its appearance.


                                Red                             Green                              Violet

3.  Why does the light from the gases appear as “lines”? 

4.  Sketch the spectrum of each of the four Balmer tubes.


                               Red                             Green                              Violet


                               Red                             Green                              Violet


                               Red                             Green                              Violet

                                Red                             Green                              Violet

The gas in the unknown tube is:  ___________________________________

5.  What type of spectrum is Sunlight?  Explain why. (Don't look directly at the Sun! Use blue sky)

6.   Give the location and/or description of at least one incandescent lamp and one non-incandescent lamp on campus. A location not verifiable by the instructor such as "the desk lamp in my room" is unacceptable. They should be in public places. 
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