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Overview

• Purpose

• Part 1: Simple convex lenses

• Part 2: The microscope

• Part 3: The telescope



Purpose of the Lab

To build and play with simple optical instruments, while also
learning about and calculating magnifications.

You will use a lamp on an optical bench and screens to study the
behavior of convex lenses on their own and in combinations.

You will

1 measure measure the object and image distances for two
convex lenses and calculate their focal lengths.

2 build a microscope to observe a virtual image of a nearby
object and calculate the magnification.

3 build a telescope to observe a virtual image of a far away
object and calculate the magnification.



Equipment



Theory: Thin Lenses

s so i

The thin lens equation

1

so
+

1

si
=

1

f



Theory: Thin Lenses

If the object is “at infinity”, so →∞, and 1
so
→ 0.
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Theory: Convex Lenses

For an object placed less than a distance f from the lens (so < f )
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 Figure 36.24 is useful for obtaining the signs of p and q, and Table 36.3 gives the 
sign conventions for thin lenses. These sign conventions are the same as those for 
refracting surfaces (see Table 36.2).
 Various lens shapes are shown in Figure 36.25. Notice that a converging lens is 
thicker at the center than at the edge, whereas a diverging lens is thinner at the 
center than at the edge.

Magnification of Images
Consider a thin lens through which light rays from an object pass. As with mirrors 
(Eq. 36.2), a geometric construction shows that the lateral magnification of the 
image is
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From this expression, it follows that when M is positive, the image is upright and on 
the same side of the lens as the object. When M is negative, the image is inverted 
and on the side of the lens opposite the object.

Ray Diagrams for Thin Lenses
Ray diagrams are convenient for locating the images formed by thin lenses or sys-
tems of lenses. They also help clarify our sign conventions. Figure 36.26  shows such 
diagrams for three single-lens situations.
 To locate the image of a converging lens (Figs. 36.26a and 36.26b), the following 
three rays are drawn from the top of the object:

Front, or 
virtual, side

Incident light

Back, or
real, side

p negative
q positive

p positive
q negative

Refracted light

Converging or 
diverging lens

Figure 36.24  A diagram for 
obtaining the signs of p and q for 
a thin lens. (This diagram also 
applies to a refracting surface.)

Table 36.3 Sign Conventions for Thin Lenses
Quantity Positive When . . . Negative When . . .

Object location (p) object is in front of lens object is in back of lens
  (real object).  (virtual object).
Image location (q) image is in back of lens image is in front of lens
  (real image).  (virtual image).
Image height (h9) image is upright. image is inverted.
R1 and R 2 center of curvature is in back center of curvature is in front
  of lens.  of lens.
Focal length ( f ) a converging lens. a diverging lens.

Plano-
convex

Convex-
concave

Biconvex

Biconcave Convex-
concave

Plano-
concave

a

b

Figure 36.25  Various lens 
shapes. (a) Converging lenses 
have a positive focal length and 
are thickest at the middle.  
(b) Diverging lenses have a  
negative focal length and are 
thickest at the edges.
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When the object is in front of and outside 
the focal point of a converging lens, the 
image is real, inverted, and on the back side 
of the lens.

When the object is between the 
focal point and a converging lens, 
the image is virtual, upright, larger 
than the object, and on the front 
side of the lens.

When an object is anywhere in 
front of a diverging lens, the image 
is virtual, upright, smaller than the 
object, and on the front side of the 
lens.

Figure 36.26 Ray diagrams for locating the image formed by a thin lens.

a virtual, upright, and enlarged image is formed.

This is the configuration for a magnifying glass.



Theory: Convex Lenses

For an object placed more than a distance f from the lens (so > f )
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 Figure 36.24 is useful for obtaining the signs of p and q, and Table 36.3 gives the 
sign conventions for thin lenses. These sign conventions are the same as those for 
refracting surfaces (see Table 36.2).
 Various lens shapes are shown in Figure 36.25. Notice that a converging lens is 
thicker at the center than at the edge, whereas a diverging lens is thinner at the 
center than at the edge.

Magnification of Images
Consider a thin lens through which light rays from an object pass. As with mirrors 
(Eq. 36.2), a geometric construction shows that the lateral magnification of the 
image is
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From this expression, it follows that when M is positive, the image is upright and on 
the same side of the lens as the object. When M is negative, the image is inverted 
and on the side of the lens opposite the object.

Ray Diagrams for Thin Lenses
Ray diagrams are convenient for locating the images formed by thin lenses or sys-
tems of lenses. They also help clarify our sign conventions. Figure 36.26  shows such 
diagrams for three single-lens situations.
 To locate the image of a converging lens (Figs. 36.26a and 36.26b), the following 
three rays are drawn from the top of the object:

Front, or 
virtual, side

Incident light

Back, or
real, side

p negative
q positive

p positive
q negative

Refracted light

Converging or 
diverging lens

Figure 36.24  A diagram for 
obtaining the signs of p and q for 
a thin lens. (This diagram also 
applies to a refracting surface.)

Table 36.3 Sign Conventions for Thin Lenses
Quantity Positive When . . . Negative When . . .

Object location (p) object is in front of lens object is in back of lens
  (real object).  (virtual object).
Image location (q) image is in back of lens image is in front of lens
  (real image).  (virtual image).
Image height (h9) image is upright. image is inverted.
R1 and R 2 center of curvature is in back center of curvature is in front
  of lens.  of lens.
Focal length ( f ) a converging lens. a diverging lens.
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Figure 36.25  Various lens 
shapes. (a) Converging lenses 
have a positive focal length and 
are thickest at the middle.  
(b) Diverging lenses have a  
negative focal length and are 
thickest at the edges.
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When the object is in front of and outside 
the focal point of a converging lens, the 
image is real, inverted, and on the back side 
of the lens.

When the object is between the 
focal point and a converging lens, 
the image is virtual, upright, larger 
than the object, and on the front 
side of the lens.

When an object is anywhere in 
front of a diverging lens, the image 
is virtual, upright, smaller than the 
object, and on the front side of the 
lens.

Figure 36.26 Ray diagrams for locating the image formed by a thin lens.a real, inverted image is formed.



Equipment: Simple Magnifier Setup



Equipment: Lamp with crosshairs



Lab Activity - Part 1: Simple Magnifier

1 Form a real image of an object “at infinity” to find f for the
48mm lens. Bright objects work best, eg. the screen, the
open door of the classroom, the ceiling lights.

2 Put the lamp with crosshairs target and lens on the optical
track and form a real image of the crosshairs. Use so and si to
determine f .

3 Repeat for the 252mm lens.



Theory: Mircroscope
Multiple lenses can be used in sequence to get a larger
magnification.

Objective Eyepiece
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The eyepiece lens forms
an image here.

The objective lens forms
an image here.



Lab Activity - Part 2: The Microscope

1 On the optical bench, use the 48mm lens as the objective
lens.

2 Put the 48mm lens just a bit further than its focal length away
from the crosshairs on the lamp (the object). The objective
lens needs to be between fo and 2fo from the object.

3 Form a real image on the screen, record its location and
remove the screen.

4 Use the 127mm lens as the eyepiece. Place it one focal length
fe behind where the image is formed.

5 Place a sheet of paper over the crosshairs to dim the source,
then you can look through the eyepiece to see the image.

6 Estimate, then calculate, the magnification.



Theory: Mircroscope

The total magnification is the produce of the magnification by
each lens: the lateral magnification of the objective, m0, and the
angular magnification of the eyepiece, Me .
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xnp is the near point of the human eye, the closest point the eye
can focus comfortably. A typical value is xnp = 25 cm.
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Theory: Telescope
Multiple lenses can be used in sequence to get a larger
magnification, also for distant objects.

1120 Chapter 36 Image Formation

to the focal point of the objective: p1 < fo. Therefore, the lateral magnification by 
the objective is

Mo < 2
L
fo

The angular magnification by the eyepiece for an object (corresponding to the 
image at I1) placed at the focal point of the eyepiece is, from Equation 36.25,

me 5
25 cm

fe

The overall magnification of the image formed by a compound microscope is 
defined as the product of the lateral and angular magnifications:

  M 5 Mome 5 2
L
fo
a25 cm

fe
b (36.26)

The negative sign indicates that the image is inverted.
 The microscope has extended human vision to the point where we can view pre-
viously unknown details of incredibly small objects. The capabilities of this instru-
ment have steadily increased with improved techniques for precision grinding of 
lenses. A question often asked about microscopes is, “If one were extremely patient 
and careful, would it be possible to construct a microscope that would enable the 
human eye to see an atom?” The answer is no, as long as light is used to illuminate 
the object. For an object under an optical microscope (one that uses visible light) 
to be seen, the object must be at least as large as a wavelength of light. Because the 
diameter of any atom is many times smaller than the wavelengths of visible light, 
the mysteries of the atom must be probed using other types of “microscopes.”

36.10 The Telescope
Two fundamentally different types of telescopes exist; both are designed to aid in 
viewing distant objects such as the planets in our solar system. The first type, the 
refracting telescope, uses a combination of lenses to form an image.
 Like the compound microscope, the refracting telescope shown in Figure 36.42a 
has an objective and an eyepiece. The two lenses are arranged so that the objective 

Figure 36.42 (a) Lens arrange-
ment in a refracting telescope, 
with the object at infinity. (b) A 
refracting telescope.
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Lab Activity - Part 3: The Telescope

1 Use the 252mm lens as the objective and form an image of a
distant object on the screen. Mark the location of the screen
and remove it.

2 Use the 48mm lens as the eyepiece, and place it one focal
length away from where the screen was.

3 Look through your telescope at the distant object to see it
enlarged.

4 Estimate, then calculate, the magnification.



Equipment: Telescope Setup




