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Science in Motion

Juniata College


Breaking Up is Hard to Do…
(…unless you have a spectroscope!)

PA State Standards:

1.1.11 E
Establish a reading vocabulary by identifying and correctly using new words acquired through the study of their relationships to other words. Use a dictionary or related reference.

1.2.11 A
Read and understand the central content of informational texts and documents in all academic areas.

1.6.11 A
Listen to others.

1.6.11 D
Contribute to discussions.

1.6.11 E
Participate in small and large group discussions and presentations.

2.1.11 A
Use operations (e.g., opposite, reciprocal, absolute value, raising to a power, finding roots, finding logarithms).

2.2.11 C
Construct and apply mathematical models, including lines and curves of best fit, to estimate values of related quantities.

2.2.11 F
Demonstrate skills for using computer spreadsheets and scientific and graphing calculators.

2.3.11 A
Select and use appropriate units and tools to measure to the degree of accuracy required in particular measurement situations.
2.8.11 M
Given a set of data points, write an equation for a line of best fit.

2.10.11 B
Identify, create and solve practical problems involving right triangles using the trigonometric functions and the Pythagorean Theorem. 

3.2.10 A
Apply knowledge and understanding about the nature of scientific understanding and technological knowledge.

3.2.10 D
Identify and apply the technological design process to solve problems.

3.4.10.A
Explain concepts about the structure and properties of matter.  Know that atoms are composed of even smaller sub-atomic structures whose properties are measurable.

3.7.10 B
Apply appropriate instruments and apparatus to examine a variety of objects and processes.

Introduction:
How many of you have seen light?  If you were asked, “what is light?”  What would you say?  How would you explain such a simple thing…or is it simple?  Light is all around us, but it can be difficult to put into words.  There is light that we see and there is light that we do not and cannot see.  The full spectrum is composed of different types of electromagnetic radiation.  This includes gamma rays, x-rays, UV rays, infrared, microwaves, radio waves, and of course…visible light.  Visible light is what we see and how we experience color.
A way of examining and analyzing how electromagnetic radiation affects matter is by using an instrument called a spectroscope.  All matter is composed of atoms, which contain electrons.  Electrons in the atoms can absorb energy, and become “excited.”  When the electrons emit (or give off) that energy, it produces an emission spectrum.  You can see this emission spectrum by using the previously mentioned spectroscope.  Each element has its own unique emission spectrum, which can serve as a fingerprint.  

Equipment / Materials:
Cardboard Box (7in x 7in x 2in)

Black Electrical Tape

Hobby Knives

Rulers (cm)
Diffraction Gratings (5000-6000)

Clear Plastic Graph Paper

Index Card

Laser Beam

Gas Discharge Tubes 

Microsoft Excel

Guiding Questions:

Please answer the following questions before beginning the lab.

1. How does light get from its source to your eye?
2. What is a rainbow, and how does it form?
Safety:
· Always wear goggles and aprons in the lab.
· No horseplay

· Tie back long hair and any loose clothing.  Roll up sleeves.

· Pay close attention when cutting because the knife is very sharp.  Watch your fingers!

Procedure and Data:

Part A:  Building the Spectroscope
1. Pick up a cardboard box and lay it flat on your lab table as shown in the picture below.
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2. Using a ruler and pencil, measure and mark the following lines on your box.  The square cut-outs should be 2cm x 2cm and the “U”-shaped window should be 3.5cm x 8 cm.
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Close up view with measurements:
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3. Using the knife, cut out the marked lines.  BE CAREFUL!!!
4. Assemble your box using the black electrical tape.  It should be dark inside your box.  The only light that should be getting in is from where you made the cuts.
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5. On the front of your spectroscope, use the black electrical tape to make a 1mm wide slit for light to enter.  Use picture below for reference.
[image: image6.jpg]


     [image: image7.jpg]e XA





6. Take a piece of diffraction grating and orient it on the back side of the spectroscope so that and colored lines you see are running vertically and not horizontally.
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7. Tape the grating in place using the black electrical tape.

8. Take a clear piece of graph paper (9cm x 4cm) and number by 5’s using a black marker.
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9. Using the black electrical tape, tape the graph in the window with the flap.  It should be backwards when you tape it down, so that when you look through the diffraction grating you can read the numbers clearly.
10. Your spectroscope is now completely built and ready to use.

Part B:  Calibrating the Spectroscope
1. To calibrate the spectroscope, use the Mercury (Hg) discharge tube at your station.  Turn it on, and view it through the spectroscope.  (Make sure the light from the tube is entering the spectroscope through the slit and not the window with the flap.)
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2. As you view the spectrum, you should notice three distinct lines.  (This is the “fingerprint” for mercury.)  Record the number of where each line appears on your graph paper to the closest 0.5 that you can.  
Table 1.  Calibrating Spectroscope

	Emission Line
	Color
	Graph #
	Wavelength (nm)

	Line 1
	Purple
	
	436

	Line 2
	Green
	
	546

	Line 3
	Yellow
	
	578


3. Using Microsoft Excel, plot a graph of the actual wavelengths and where they appeared on your graph.  (Each student must do their own graph.)
a. Open Excel if not already open.

b. In column A, type in the location of each line on your graph paper.

c. In column B, type in the actual wavelength of each line.

d. Click on the “Insert” tab at the top.

e. Highlight all six boxes.

f. Click on the “Scatter” icon at the top in the middle, and choose the first one that says “Scatter with only Markers.”
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g. Now you should have a graph with three dots.
h. Right click on one of the dots and choose “Add Trendline…”
i. A window appears – Format Trendline.  At the bottom, check the box that says “Display Equation on Chart.”

j. Click close.

k. Now you have a trendline on your graph, and you have your calibration equation for your spectroscope.

l. Write the equation somewhere on your spectroscope.

m. Each student should have a different equation.


Part C:  Using the Spectroscope

1. View the Helium (He) discharge tube with your spectroscope, and record where each prominent line appears and its color in Table 2.  (Hint: There should be six lines.)
2. Using your calibration equation, calculate the wavelength for each line.  (Hint:  Take the Graph # and plug it in for  x  in the equation.  Solve, and whatever  y  equals is the wavelength.)
Table 2.  Helium Observations

	Line
	Color
	Graph #
	Calc. Wavelength

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	6
	
	
	


Part D:  Specs of the Spectroscope
1. The diffraction grating that is being used for the spectroscope is made of thousands of narrow lines.  These lines are what cause the white light to separate by bending it at different angles.  
2. At the lab bench, there is a stationary laser set up and a mounted diffraction grating.  When the laser is turned on, the laser will be split and bend at different angles as it passes through the grating.  
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3. You will need to measure the distance in centimeters from the grating to the screen and the distance from the undiffracted beam to the 1st order diffraction.  Record these in Table 3.
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4. Using Pythagorean Theorem (a2  +  b2  =  c2), calculate the hypotenuse (c) and record in Table 3.
Table 3.  1st Order Diffraction Measurments
	Side
	Length (cm)
	Length 2 (cm2)
	Length (cm)

	a
	
	
	

	b
	
	
	

	c
	
	
	


5. For the following equation:  n λ  =  d sinθ
· n is the order number (in this case 1)

· λ is the wavelength of the laser (650 nm)

· d is the distance between the lines in the grating

· sinθ = b/c

Plug in the known values and solve for d, the distance between the lines (in nm).
6. Once you know d, use the equation below to calculate the the lines per cm.

10 000 000   =   lines/cm
       d

	  _lines      =
     cm




7. Compare your results with your teacher.
Questions:

1. Explain how we see light using the terms ground state and excited state.

2.  Why will each student have a different calibration equation for their spectroscope?
3. Using your calibration equation, if a line appeared at 14.5 on the graph, what would be its wavelength?
References:

· http://homepage.smc.edu/gallogly_ethan/files/Building%20your%20own%20Spectroscope.pdf
· http://www.iucaa.ernet.in/~scipop/Obsetion/spectro/pizza_box_sp.htm
· http://chemed.chem.purdue.edu/genchem/topicreview/bp/ch6/bohr.html
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