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Convex Lens

Purpose: 
To determine the focal length of a thin lens. 
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Materials:                                  
	Optical Bench (OS-8518) 

	Light source (object) (OS-8740) 

	Convex lens (100mm) 

	Screen

	Ruler

	GLX

	Convex Lens.glx file


Formulas:

1. 1 / f = 1 / do + 1 / di
2. Magnification = M = di / do = hi / ho
Background:
For a thin lens the focal length is found using

the formula 1 / f  = 1 / do + 1 / di where f is the
focal length, do is the distance between the object and the lens, and di is the distance between the image and the lens. All distance measurements are on the optical axis which is a line perpendicular to the lens going through the center of the lens. The magnification is the ratio of the image distance (di) to the object distance (do) or it could also be the ratio of the size of the image (hi) to the size of the object (ho). Two other locations useful for locating images are the location of the lens and the 2f point (twice the focal length).
Light rays are bent or refracted when they pass from one material to another. Which way they bend and at what angle is determined by Snell’s Law and the optical densities of the materials. When light rays pass from air into a convex lens and back out again they are bent toward the focal point. Images are formed where light rays cross or appear to cross. There are two types of images real and virtual. Real images are formed after the light rays have passed through the lens and have passed through the focal point. They are inverted and can be projected on a screen. Virtual images are located on the same side of the lens as the object and are viewed by looking through the lens at the object which appears to be a different size than it actually is. A virtual image for a convex lens is erect, larger than object and is located where light rays only appear to cross.

For a convex lens there are six combinations or cases of object-lens-image orientations.

Case 1: do = ∞, di = f, hi < ho, real image
Case 2: do > 2f, f < di < 2f, hi < ho, real image
Case 3: do = 2f, di = 2f, hi  = ho, real image
Case 4: f < do < 2f, di > 2f, hi > ho, real image
Case 5: do = f, light rays coming out of lens are essentially parallel so no image is formed
Case 6: do < f, di < lens location, hi > ho, virtual image
Procedure:
I. Find the focal length using an object at infinity.
a.)    Place the screen on the optical bench at the 110 cm mark. Place the 100 mm convex lens in front of the screen on the track. Carefully, so you do not injure yourself or other lab members, pick up the bench and put it on you shoulder. Then point the lens at an object out of the window a long ways away and focus the distant object on the screen by sliding the lens on the bench. Measure the distance from the lens to the screen and record on the data table. This is the image distance. Take the limit as the object distance goes 

to infinity in the Thin Lens Formula: 1 / f  =  1 / do + 1 / di   =  1 / ∞ + 1 / di
Solve for the focal length and enter in the data table as fI.
II. Find the focal length by plotting 1 / di vs.1 / do
a.)  On the optical bench, place the light source at the end of the bench so that the object is at the 0 cm mark. Position the screen at the 110 cm mark. Place the lens between the light source (the object) and the screen. Move the lens to a position where a clear image of the object is formed on the screen. Measure the image distance, the object distance, the image height and the object height. Record all measurements in the data table as Trial 1.
b.)  Move the lens to a second position where the image is in focus (Do not move the screen or Light Source). Measure the image distance and the object distance. Measure the object size and image size for this position also. You may have to measure just a piece of the object if it doesn’t fit on the screen. Record all measurements in the data table as Trial 2.
c.)  Move the screen and lens until the object distance and the image distance is the same. Measure the image distance and the object distance. Measure the object size and image size for this position. Record all measurements in the data table as Trial 3
d.)  Move screen and lens for 4 additional clear images.  Measurements di and do may no longer be equal.  This will finally give you 7 sets of data points.  Record on data table as trials 4-7.
e.)  Move the lens to the 10 cm position in front of the light source. Verify that no clear image can be found at any position of the screen.

f.)  Move the lens to the 5 cm position in front of the light source. Verify that no clear image can be found at any position of the screen. Look through the lens at the object and give a qualitative statement about the location, size and orientation of the image seen.
g.)  Calculate 1 / do and 1 / di for each trial and enter in the data table. To use the GLX to plot the 7data points with 1 / do on the x axis and 1 / di on the y axis, first turn on the GLX.  Press Home, select Data Files.  Open the Convex Lens file found in the Flash memory.  Press Home and select Table. Enter the data.  After entering, Press Home and Graph.   This should give a straight line with the x and y intercepts each equal to 1/f. Use the linear fit tool to find the x and y intercepts.  Record the values of the x and y intercepts.
h.)  Find the percent difference between the values of the focal length found from the intercepts. Then average these two values and find the percent difference between this average and the focal length found in part I.

i.)  For the first three sets of data points only, use the image distance and object distance to determine the magnification.

j.)  For the first three sets of data points, use the image size and object size to determine the magnification.
k.)  Calculate the percent difference between the magnifications of the first three sets of data points.
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Convex Lens Student Data Sheet

Data Table:
I.   fI = _________ cm
II.
	Trial
	Object Distance cm
	Image Distance cm
	Object Size

cm
	Image Size

cm
	1/do
	1/di
	Focal Length cm
	Real or Virtual
	Erect or Inverted
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x - intercept ______________                     y - intercept _____________

fII = f average =_____________cm             percent difference between fx and fy ________

percent difference between fI and fII _____________

Distances ratio

Sizes ratio

Percent Difference
M1 ___________ 

M1 ___________

_______________
M2 ___________ 

M2 ___________

_______________
M3 ___________ 

M3 ___________

_______________

Observations from step f.
Questions:

1. Are the images formed in trials 1 – 11 erect or inverted?

2. Are the images formed in trials 1 – 11 real or virtual? How do you know?

3. Explain why there are two positions for a given screen distance where the image focuses.

4. Which position produced a virtual image? How could you tell?

5. Give an example from your data of each of the six cases of images formed by lenses.
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