Name:___________________ Date:____________ Time:_______Course:__________
Optical Instruments

Purpose: To construct a) simple magnifier b) compound microscope c) telescope and to determine the magnifying power of each.

Apparatus: optical bench & accessories, convex lenses (10 cm, 15 cm,30 cm) , concave

lens (-20 cm), vernier caliper.

Theory:

a) Simple magnifier
The normal eye is most relaxed when focused on an object “at infinity” (ie when the light rays are parallel). Thus most optical instruments are designed so that the final image is formed at infinity. A normal eye can focus objects between the near point (about 25 cm) and infinity.

The angular magnification of a simple magnifier is given by;
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      f= focal length.

Refer to the ray diagrams for a simple magnifier below 



Simple Magnifier 
When you put two lenses (focal lengths f1 and f2 in contact; the focal length of the combined lens fc is given by: 
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b) Compound Microscope:

A simple magnifier can provide only a limited magnification. Greater magnification is obtained in a compound microscope by combining two lenses.

The overall magnification is given by;


[image: image4.wmf]M

cm

S

f

f

o

e

=

25

.

.


S = distance between lenses

fo = focal length of the objective

fe= focal length of the eyepiece.

Refer to the ray diagram for a compound microscope shown below 
.
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C) Telescope:
The angular magnification of a telescope is given by;
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fo= focal length of the objective

fe = focal length of the eyepiece.

Refer to the  ray diagram for an astronomical telescope shown below 
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Procedures:

1) Measure the focal lengths of the convergent lenses by focusing a distant object outside a window onto the screen.

2) Calculate the focal length of the divergent lens by placing it in contact with the short focal length convergent lens and measuring the focal length of the combination.

___________________________________________________________________

a) Simple magnifier
3) Mount the short-focus converging lens in a lens holder and place it on the optical bench at a distance of the focal length from the screen.

4) Look through the lens (eye piece), place the vernier caliper on the lens, and adjust the jaws until they span 5 scale divisions of the screen. Remove the lens and note the lengths of the screen scale bracketed by the caliper jaws by looking directly. Make sure not to change the position of your eye or the caliper. The ratio of the measurements will give the magnification.
b) Compound microscope
5) Place the illuminated object at one end of the optical bench and mount the + 10 convex lens in front of it at a distance 16 cm and obtain a sharp image on the screen. Place the second convex lens (+15 cm) at a distance 15 cm away from the screen (Do not place the second convex lens between the screen and the illuminated object).

Replace the illuminated object by the screen with the scale readings. Now you can see the magnified image of the scale through the second lens (eye piece).

6) Measure the magnification by following procedure 

______________________________________________________________________.

C) Astronomical telescope
7) Mount the two convex lenses (+ 10 and +30) so that the distance between them is 40 cm. If you look through the short-focus lens, you can see distant objects.

8) To measure the magnification of the telescope look at a distant scale (lines on the black board) through the telescope with one eye and directly at the scale with the other eye. Move your eyes until the magnified image of the scale is superimposed on the unmagnified scale. Count the number of divisions of the scale as viewed directly that cover exactly one division of the magnified scale. This number will give the magnification.

________________________________________________________________________

d) Terrestrial telescope
9) Replace the +10 cm convex lens by the -20 cm divergent lens with a distance of 10 cm (30 + (- 20)) between the lenses.

10) Measure the magnification by following procedure 8
DATA

I) Focal lengths of lenses in cm..
	
	values given 
	values calculates
	% Error

	Convex lens 10
	
	
	

	Convex lens 15
	
	
	

	Convex lens  30
	
	
	

	Lens combo
	xxxxxxxxxxxxxxxx
	
	xxxxxxxxxxxxxxxxx

	Concave lens
	
	
	


II) Magnification for the optical instruments

	Instrument
	Measured
	Calculated
	%error

	Simple Magnifier , f=10 cm
	
	
	

	Compound Microscope 
	
	
	

	Astronomical Telescope 
	
	
	

	Terrestrial Telescope 
	
	
	


1) Explain why you could not use a concave lens (diverging lens ) as a magnifier.
2) The length of a microscope is 18 cm. The focal length of the eyepiece is 2.5 cm and the focal length of the objective is 2 mm. Calculate the magnification of the microscope.

3) An astronomical telescope has an objective with a focal length of 75 cm and an eyepiece with a focal length of 4 cm. Calculate the magnifying power of the telescope.
Ill) Study of image formation using a personal computer 

Spherical mirrors
1) Calculate the image distance (s’) to 3 significant figures for the following cases:
	f (cm)
	S (cm)
	S’(cm)

	+15
	50
	

	+20
	10
	

	-20
	30
	


Lenses

2) Calculate the image distance (s’) to 3 significant figures for the following cases:
	f (cm)
	S (cm)
	S’(cm)

	+20
	50
	

	+20
	10
	

	-20
	30
	


3) Use the computer to check your calculations and to observe the formation of images.

CONCLUSION:
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