Geometric Optics Lab 2 - PHY 142L/162L
Measuring the Focal Length of a Convex Lens
In this lab we will measure the focal length of some individual lenses and combine pairs of lenses to create simple optical devices. 

Sign conventions: For a convex lens, the focal length f is positive, while for a concave lens f is negative. The object (or source) distance s is positive if it is on the side from which the light emanates; otherwise it is negative. The image distance i is positive if it is on the other side of the lens from the object; otherwise it is negative. All distances are measured from the lens.

Thin Lens Formula:  1/f = 1/s + 1/i
A) Remote focusing method:  Pick a convex lens. Enter the manufacturer’s spec for f in the data table. Measure its focal length f by imaging a distant object. As s → ∞, i → f. Note the uncertainty Δf in the position of the image. Enter these values in your data table. The result can be written as 
f∞ = fA ± ΔfA.

B) Averaging method:  Use the optics track to make a series of measurements with this lens. Measure both object (s) and image (i) distances for arrangements that yield real images. Use the full length of the track to obtain a large number of data pairs. Enter these values into a spreadsheet in two columns. Use the individual data points to create a third column with values of f given by the Thin Lens Formula above. Find the average value f and the standard deviation Δf. Enter these values in your data table. The result can be written as

fAVG = fB ± ΔfB.

C) Graphical fit method:  Make two more columns with the values of 1/s and 1/i. Plot a graph of y ((1/i) versus x ((1/s) and add a linear trend line with the best fit: y = ( mx + b, where m ( 1. Note the values of m and b. We have f = 1/(x + y), so when x → 0, f → 1/b ( fx, and when y → 0, f → m/b ( fy. This yields the average value f and its variation Δf as follows: fC = (fx + fy)/2, ΔfC = | fx ( fy|/2. Enter these values in your data table. The result can be written as

fGRAPH = fC ± ΔfC.

D) You now have three values for f, obtained in parts A), B) and C). Are these in agreement? If so, what is the value? Make another graph, with the three values of f as lone data points and the three values of Δf as error bars. Find final values of f and Δf which are consistent with this graph: 
fexp = f ± Δf. Make sure all three values and their error bars are spanned by this final result. How does this result compare with the manufacturer’s specs?
E) Repeat A) through D) for a second convex lens.

F) NOTE: Your lab report will include a data able and two graphs
 (#1: y versus x with trend line, #2: f values with error bars) for each lens.

Find a virtual image:  Look for the virtual image produced by one lens, by using it as an object for a second lens, to finally produce a real image. Draw a ray diagram that illustrates the effect for your specific arrangement.

Make a compound microscope:  By using two convex lenses (an objective and an eyepiece), produce an arrangement that magnifies objects close to the objective. Draw a ray diagram that illustrates the effect for your specific arrangement. What is the magnification factor?  (See handout from HRW 7ed.)

Make a refracting telescope:  By using two convex lenses (an objective and an eyepiece), produce an arrangement that magnifies distant objects. Draw a ray diagram that illustrates the effect for your specific arrangement. What is the magnification factor?  (See handout from HRW 7ed.)

Measuring the Focal Length of a Convex Lens
LENS #1.  Manufacturer’s spec:  f = ________ (cm)
	Graphical fit:
	m = _________  
	fx = _________ (cm)

	
	b = _________ (1/cm)   
	fy = _________ (cm)


	Method
	f (cm)
	Δf (cm)

	Remote focusing:
f∞ = fA ± ΔfA.
	
	

	Averaging:
fAVG = fB ± ΔfB
	
	

	Graphical fit:
fGRAPH = fC ± ΔfC
	
	

	
	
	

	Overall result:
fexp = f ± Δf
	
	


LENS #2.  Manufacturer’s spec:  f = ________ (cm)
	Graphical fit:
	m = _________  
	fx = _________ (cm)

	
	b = _________ (1/cm)   
	fy = _________ (cm)


	Method
	f (cm)
	Δf (cm)

	Remote focusing:
f∞ = fA ± ΔfA.
	
	

	Averaging:
fAVG = fB ± ΔfB
	
	

	Graphical fit:
fGRAPH = fC ± ΔfC
	
	

	
	
	

	Overall result:
fexp = f ± Δf
	
	


