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Understanding how light interacts with lenses is fundamental in optics,
whether it's for designing optical instruments, understanding vision
correction, or exploring the fundamental principles of light behavior.
Diverging lenses, also known as concave lenses, are especially interesting
because they cause parallel rays of light to spread out or diverge. When an
object is placed in front of such a lens, the formation and position of the
image can be precisely predicted using ray tracing techniques, which visually
demonstrate the path of light rays through the lens system.

In this article, we focus on a specific scenario: an object positioned 28 cm
in front of a diverging lens with a focal length of -14 cm. We will explore
how to determine the position, nature, and size of the image formed by this
lens using ray tracing methods. This detailed guide aims to provide an in-
depth understanding of the process, complete with step-by-step instructions,
principles, and practical insights, making it beneficial for students,
educators, and optics enthusiasts alike.

Understanding Diverging Lenses and Focal
Lengths

What Is a Diverging Lens?

A diverging lens, commonly called a concave lens, is a type of lens that
causes incoming parallel rays of light to spread apart or diverge after
passing through it. These lenses are thinner at the center than at the edges
and are used in various optical devices such as glasses for nearsightedness,
peepholes, and certain types of microscopes.

Focal Length of a Diverging Lens

The focal length (f) of a lens is the distance from the lens to the focal
point, where parallel rays converge or appear to diverge from. For diverging
lenses, the focal length is negative, indicating that the focus is virtual
and located on the same side as the object.



In our scenario:
- Focal length, \(f = -14\,cm\)

The Object and Its Position

Object Distance (u)

The object is placed 28 cm in front of the lens:
- Object distance, \(u = -28\,cm\)

Note: The sign convention in optics is that distances measured in the
direction of the incident light (usually the same direction as the object
placement) are negative for real objects in the Cartesian sign convention.

Ray Tracing Method: Visualizing Light Paths to
Find the Image

Ray tracing is a graphical technique used to determine the position, size,
and nature of an image formed by lens systems. It involves drawing specific
rays from the object to understand where the image forms. For diverging
lenses, three principal rays are used:

Principal Rays Used in Ray Tracing for Diverging
Lenses

1. Parallel Ray (Ray 1):

- Starts from the top of the object and travels parallel to the principal
axis.

- After passing through the lens, it diverges as if originating from the
focal point on the same side as the object.

2. Focal Ray (Ray 2):

- Passes through the focal point on the opposite side of the lens (or appears
to if extended backward).

After passing through the lens, it travels parallel to the principal axis.

3. Central Ray (Ray 3):
Passes straight through the center of the lens without deviation (assuming
a thin lens).



Step-by-Step Ray Tracing Procedure

To determine the image position and characteristics, follow these steps:

1. Draw the Principal Axis

- Draw a horizontal line representing the principal axis.
- Mark the lens at the origin (or any convenient point).
- Indicate the focal points on both sides of the lens:

- Focal point on the left (object side): \(F = -14\,cm\)
- Focal point on the right (image side): \(F' = +14\,cm\)

2. Mark the Object

- Place a point object 28 cm in front of the lens on the principal axis.
- Mark this point as \(0\).

3. Draw Ray 1 (Parallel Ray)

- From the top of the object, draw a ray parallel to the principal axis
towards the lens.

- After passing through the lens, this ray diverges as if originating from
the focal point on the same side as the object (\(F\) on the left).

- Extend the diverging ray backward (dotted line) to locate the virtual image
point.

4. Draw Ray 2 (Focal Ray)

- From the top of the object, draw a ray passing through the focal point on
the opposite side (\(F'\)).

- After passing through the lens, this ray continues parallel to the
principal axis.

5. Draw Ray 3 (Central Ray)

- From the top of the object, draw a straight line passing through the center
of the lens.
- Since the lens is thin, this ray continues straight without deviation.



6. Locate the Image

- The point where the extensions of the diverging rays (from step 3) and the

converging rays (from step 4 and 5) intersect is the top of the image.

- For a diverging lens, the image will appear to form on the same side as the
object, and it will be virtual, upright, and reduced in size.

Calculating the Image Position Using the Lens

Formula

While ray tracing provides a visual understanding, quantitative analysis

requires the lens formula:

\ [

\frac{1}{f} = \frac{1}{v} - \frac{1l}{u}
\1]

Where:

- \(f\) = focal length = \(-14\,cm\)

- \(u\) = object distance = \(-28\,cm\)
- \(v\) = image distance (unknown)

Rearranged to solve for \(v\):

\ [
\frac{1}{v} = \frac{1}{f} + \frac{1}{u}
\1]

Substitute the known values:

\ [
\frac{1}{v} = \frac{1}{-14} + \frac{1}{-28} = -\frac{1}{14}
\1

Find common denominator:

\ [

-\frac{2}{28} - \frac{1}{28} = -\frac{3}{28}
\]

So,

\ [

v = -\frac{28}{3} \approx -9.33\,cm

\1]

- \frac{1}{28}



Interpretation:

- The negative sign indicates the image is virtual and located on the same
side as the object.
- The image is approximately 9.33 cm in front of the lens.

Characteristics of the Image Formed

Based on the calculations and ray tracing:

- Position: About 9.33 cm in front of the lens.

- Type: Virtual (since \(v\) 1is negative).

- Magnification (M):

\ [

M = \frac{v}{u} = \frac{-9.33}{-28} \approx 0.33

\1]

The image is approximately one-third the size of the object.
- Orientation: Upright (since magnification is positive).

- Nature: Virtual, erect, and diminished.

Practical Applications of Diverging Lenses

Understanding the image formation by diverging lenses is crucial in various
fields:

- Optometry: Correcting nearsightedness (myopia), where diverging lenses help
focus light correctly onto the retina.

- Optical Devices: Used in combination with converging lenses for specific
imaging requirements.

- Scientific Instruments: In telescopes and microscopes, diverging lenses are
components that help control light paths.

Summary and Key Takeaways

- Ray tracing is an essential technique in geometrical optics to visualize
and analyze image formation by lenses.

- Diverging lenses produce virtual, upright, and reduced images for objects
placed in front of them.



- The lens formula provides a quick quantitative method to determine the
image position and size.

- In the specific case of an object 28 cm in front of a diverging lens with a
focal length of -14 cm:

- The image forms approximately 9.33 cm in front of the lens.

- The image is virtual, upright, and smaller than the object.

- Mastery of these concepts is vital for applications in optics design,
vision correction, and scientific research.

Conclusion

Using ray tracing techniques combined with the lens formula allows for a
comprehensive understanding of image formation in diverging lenses. By
visualizing the paths of individual rays and performing calculations, one can
accurately determine the position, nature, and size of the image. This
knowledge forms the foundation for practical applications across various
scientific and technological fields, emphasizing the importance of
fundamental optics principles.

For further understanding, consider practicing with different object
distances and focal lengths to see how the image properties change. Visual
aids and diagrams can significantly enhance comprehension, so drawing
accurate ray diagrams is highly recommended.

Frequently Asked Questions

An object is 28 cm in front of a diverging lens with
a focal length of -14 cm. Using ray tracing, how can
we determine the position of the image formed?

By drawing principal rays from the object through the lens—one parallel to
the principal axis, which diverges after passing through the lens, and
another through the focal point on the same side—and extending the diverging
rays backward, we find the point where they intersect. This intersection
gives the image position, which, in this case, will be virtual and located
approximately 9.33 cm in front of the lens.

What are the steps involved in using ray tracing to
determine the image characteristics for a diverging



lens?

The steps include: 1) Draw the principal axis and mark the object; 2) Draw a
ray parallel to the principal axis from the top of the object, then diverge
it through the focal point on the same side; 3) Draw a ray passing through
the center of the lens without deviation; 4) Extend the diverging ray
backward to find the virtual image; 5) Identify the image position, size, and
nature from the intersection point of the rays.

How does the focal length of -14 cm influence the
image formation when using ray tracing?

A focal length of -14 cm indicates a diverging lens that causes rays to
spread out. In ray tracing, this means the rays originating from the object
will diverge after passing through the lens, resulting in a virtual, upright,
and reduced image located on the same side as the object, typically closer to
the lens than the object itself.

What is the significance of the object being 28 cm
in front of the diverging lens in the context of ray
tracing?

The object distance of 28 cm determines where the rays originate and how they
will diverge after passing through the lens. It helps establish the initial
ray paths for the ray tracing process, influencing the position and size of
the resulting virtual image.

Can ray tracing be used to determine the
magnification of the image formed by the diverging
lens? If yes, how?

Yes, by measuring the height of the object and the height of the image from
the ray diagram, you can calculate magnification as the ratio of the image
height to the object height. Alternatively, using the image and object
distances obtained from ray tracing, magnification can be found using the
formula M = - (image distance / object distance).

What are common mistakes to avoid when performing
ray tracing for diverging lenses?

Common mistakes include: not drawing rays accurately, neglecting to extend
diverging rays backward to find the virtual image, misplacing the focal
points, and ignoring the correct sign conventions for focal length and object
distance. Ensuring precise drawing and correct conventions leads to accurate
results.



How does the sign convention for focal length
(negative for diverging lenses) affect the ray
tracing process?

The negative focal length indicates that the focal point is on the same side
as the object. During ray tracing, rays parallel to the principal axis
diverge after passing through the lens, and their extensions backward pass
through the focal point. This sign convention guides the correct construction
of rays and the accurate determination of image position and nature.

Additional Resources

Object Positioning and Image Formation in Diverging Lenses: A Detailed
Analysis

Understanding how lenses manipulate light to form images is fundamental in
optics, with wide-ranging applications from eyeglasses to microscopes. Among
the various types of lenses, diverging lenses (also called concave lenses)
are distinctive because they cause light rays to spread out or diverge. In
this article, we explore a specific scenario involving a diverging lens with
a focal length of -14 centimeters and an object placed 28 centimeters in
front of it. Using ray tracing techniques, we will determine the
characteristics of the resulting image, including its position, size, and
nature. This comprehensive analysis aims to clarify the underlying principles
and provide a clear step-by-step approach for students and enthusiasts alike.

Understanding Diverging Lenses and Focal
Lengths

Before diving into the calculations and ray tracing, it is essential to grasp
the fundamental properties of diverging lenses.

What Is a Diverging Lens?

A diverging lens is a type of optical lens that causes incident light rays to
spread apart after passing through it. These lenses are typically thinner at
the center than at the edges and are usually made of glass or plastic with a
specific curvature. The primary optical characteristic of a diverging lens 1is
that it produces virtual, upright, and diminished images for real objects
placed in front of it.



Focal Length and Sign Convention

The focal length (f) of a lens indicates the distance from the lens to the
focal point where parallel rays converge or appear to diverge from. The sign
convention in optics states:

- Positive focal length (+f): For converging lenses (convex lenses).

- Negative focal length (-f): For diverging lenses (concave lenses).

In our scenario, the focal length is given as -14 cm, confirming the lens 1is
diverging.

Scenario Overview: Object and Lens Setup

The problem states:
- The object is 28 cm in front of the diverging lens.
- The focal length of the lens is -14 cm.

This configuration prompts several questions:

- Where does the object lie relative to the lens?

- What is the nature and position of the image formed?
- How does the diverging lens influence the rays?

Understanding these parameters allows us to proceed with precise calculations
and accurate ray tracing.

Applying the Lens Formula

The primary tool for analyzing image formation in lens systems is the lens
formula:

\[ \frac{1}{f} = \frac{1}{v} - \frac{1}{u} \]

Where:

- \(f\) = focal length of the lens

- \(v\) = image distance (to be determined)

- \(u\) = object distance (measured from the lens)

Note: The sign conventions are critical:

- \(u\) 1is negative if the object is on the same side as the incoming light
(which is the usual case for real objects in front of the lens).

- \(v\) is positive if the image is on the same side as the outgoing light
(real image).

- \(v\) is negative if the image is virtual, on the same side as the object.



Given:
- \(f = -14\, \text{cm}\)
- The object is 28 cm in front of the lens, so:

\( u= -28\, \text{cm} \)

Calculating the Image Position

Substituting into the lens formula:

\[ \frac{1}{-14}

\frac{1}{v} - \frac{1}{-28} \]

Simplifying:

\[ -\frac{1}{14} = \frac{1}{v} + \frac{1}{28} \]
Subtract \(\frac{1}{28}\) from both sides:

\[ \frac{1}{v} = -\frac{1}{14} - \frac{1}{28} \]
Find common denominator:

\[ -\frac{2}{28} - \frac{1}{28} = -\frac{3}{28} \]
Therefore:

\[ \frac{1}{v} = -\frac{3}{28} \]

Finally, invert to find \(v\):

\[ v = -\frac{28}{3} \approx -9.33\, \text{cm} \]

Interpreting the Image Position

The negative value of \(v\) indicates:

- The image is virtual (since \(v < 0\)), meaning it forms on the same side
of the lens as the object.

- The image is located approximately 9.33 cm in front of the lens.

Key observations:
- The image is upright relative to the object because diverging lenses always
produce upright images.



- The image is diminished in size, as will be confirmed by magnification
calculations.

Magnification and Image Size

Magnification (\(M\)) describes how much larger or smaller the image is
relative to the object:

\[ M = \frac{v}{u} \]
Substituting known values:
\[ M = \frac{-9.33}{-28} \approx 0.333 \]

This indicates:
- The image is approximately one-third the size of the object.
- The positive value confirms the image is upright.

Ray Tracing: Visualizing the Image Formation

While the mathematical calculations provide quantitative data, visualizing
the process through ray tracing enhances understanding.

Step-by-Step Ray Tracing Procedure

To determine the image position and nature, three principal rays are used:

1. Parallel Ray (to the principal axis):

- From the top of the object, draw a ray parallel to the principal axis
towards the lens.

- After passing through the diverging lens, this ray appears to diverge from
the focal point on the same side as the object (focal point behind the lens).
- Trace this ray backward (extend it behind the 1lens) to find the point where
it appears to originate—this marks the direction of the virtual image.

2. Central Ray (through the lens center):
Draw a straight line passing through the center of the lens.
This ray continues undeviated (assuming thin lens approximation).

3. Focal Ray (toward the focal point):
From the top of the object, draw a line passing through the focal point on



the same side of the object.
- After passing through the lens, this ray diverges, appearing to originate
from the focal point on the same side as the object.

Outcome of Ray Tracing:

- The intersection of the extended rays on the same side as the object
reveals the virtual, upright, and diminished image.

- The image location aligns with the calculated position (~9.33 cm in front
of the lens).

Implications of the Image Characteristics

The analysis confirms several key properties:

- Type of Image: Virtual, upright, and diminished.
- Location: Approximately 9.33 cm in front of the diverging lens.
- Magnification: About 1/3, confirming a reduced size.

Such images are typical in devices like eyeglasses for myopia correction,
where diverging lenses help project light to form a virtual image at a
comfortable viewable distance.

Broader Applications and Significance

Understanding the behavior of diverging lenses extends beyond academic
exercises. Here are some practical insights:

- Eyeglasses for Nearsightedness:
Diverging lenses are used to correct myopic vision by diverging incoming
light rays so that they focus on the retina.

- Optical Instruments:
Diverging lenses are integral in microscopes, telescopes, and cameras to
control light paths and image formation.

- Virtual Image Formation:
Recognizing how virtual images are formed aids in designing virtual reality
devices and optical illusions.

- Educational Value:
Ray tracing provides an intuitive understanding of complex optical phenomena,
reinforcing the importance of sign conventions and geometric reasoning.



Conclusion: Synthesis of Theory and Practice

In conclusion, analyzing an object placed 28 cm in front of a diverging lens
with a focal length of -14 cm reveals a virtual, upright, and diminished
image located approximately 9.33 cm in front of the lens. Through the lens
formula and ray tracing, we have not only quantified the image's position and
size but also visualized the process, emphasizing the elegance and
consistency of optical principles.

This case exemplifies how fundamental concepts like focal length, object
distance, and ray diagrams interplay to produce predictable and exploitable
optical behaviors. Such understanding forms the backbone of numerous
technological applications, highlighting the significance of optics in both
scientific and everyday contexts.
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