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A Lighted Candle Is Placed 36 Cm In Front Of A Converging Lens Of Focal
Length 12 Cm, Which In Turn Is a classic physics problem that explores the
principles of optics, specifically the behavior of light rays passing through
converging lenses. Understanding how an image forms, its nature, and its
position relative to the lens is essential for students and enthusiasts of
optics. In this article, we will delve into the detailed explanation of this
setup, analyze the image formation process, derive the image location using
lens formula, and discuss related concepts including magnification, real and
virtual images, and practical applications of converging lenses.

Understanding the Setup: Key Elements and
Definitions

Before we proceed with calculations and explanations, it's important to
understand the main components involved in the scenario:

1. Lighted Candle

- Acts as an object emitting light.
- Considered as a point source or an object with a certain height.
- Object distance from the lens is measured from the object to the lens.

2. Converging Lens

- Also known as a convex lens.
- Has a focal length, denoted as \(f\).
- Focal length of the lens in this scenario is 12 cm.

3. Object Distance (\(u\))

- Distance between the object (candle) and the lens.
- Given as 36 cm in front of the lens (on the same side as the object).



4. Image Formation

- The image is formed on the other side of the lens where rays converge.
- Its position, size, and nature depend on the object distance and focal
length.

Fundamental Concepts in Lens Optics

To analyze the problem, we rely on fundamental optics principles:

1. Lens Formula

The relationship between the object distance (\(u\)), image distance (\(v\)),
and focal length (\(f\)) is given by:

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

Note: By convention,

- \(u\) is negative if the object is on the same side as the incoming light.
- \(v\) is positive if the image is real and on the opposite side of the
lens.

2. Magnification (\(m\))

The magnification tells us how much larger or smaller the image is compared
to the object:

\ [
m = \frac{h'}{h} = \frac{v}{u}
\1]

where \(h\) is the object height, and \(h'\) is the image height.

3. Types of Images Formed by Converging Lenses

- Real and Inverted: When the object is beyond the focal length.

- Virtual and Upright: When the object is within the focal length.

- Magnified or Reduced: Depending on the object position relative to the
focal point.



Calculating the Image Position

Given Data:
- Object distance, \(u = -36\, \text{cm}\) (negative as per sign convention)
- Focal length, \(f = +12\, \text{cm}\) (positive for converging lens)

Applying the lens formula:

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

\ [
\frac{1}{12}
\1

\frac{1}{v} + \frac{1}{-36}

Simplify:

\ [
\frac{1}{12}
\1

\frac{1}{v} - \frac{1}{36}

Find common denominator:

\ [
\frac{1}{12} + \frac{1}{36}
\1

\frac{1}{v}

Expressed as:

\ [
\frac{3}{36} + \frac{1}{36}
\1

\frac{1}{v}

\ [
\frac{4}{36} = \frac{1}{v}
\1]

Simplify:

\ [

\frac{1}{9} = \frac{1}{v}
\]

Therefore,

\ [
v = 9\, \text{cm}
\1



Interpretation:

- The positive value of \(v\) indicates that the image is real and formed on
the opposite side of the lens.

- The image is located 9 cm from the lens.

Understanding the Nature of the Image

Based on the calculation:

- Position: 9 cm in front of the screen side of the lens.
- Type: Real, inverted, and magnified or reduced depending on magnification.

Calculate magnification:

\ [
m = \frac{v}{u} = \frac{9}{-36} = -\frac{1}{4}
\]

The negative sign indicates the image is inverted relative to the object.

Magnitude:

\ [

[m| = \frac{1}{4} = 0.25
\1

This means the image's height is one-fourth of the candle's height,
indicating a reduced, inverted image.

Practical Implications and Applications

Understanding the image formation in such a setup has numerous practical
uses:

1. Magnification in Optical Instruments

- Telescopes and microscopes utilize converging lenses to magnify distant
objects or tiny details.

- Calculations similar to the above determine how an object appears through
these instruments.



2. Image Formation in Cameras

- Camera lenses are converging lenses that focus light to form real images on
film or digital sensors.
- Precise knowledge of object and image distances ensures sharp images.

3. Corrective Eyewear

- Converging lenses correct hyperopia (farsightedness) by focusing light
properly onto the retina.

4. Scientific Experiments & Education

- Demonstrating principles of optics in laboratories.
- Visual demonstrations of real and virtual images.

Factors Affecting Image Formation

While the above calculations assume ideal conditions, real-world scenarios
involve additional factors:

1. Lens Aberrations

- Imperfections cause deviations in the ideal image.

2. Object Size and Distance

- Varying the candle's height or position alters the image size and location.

3. Lens Quality and Material

- Material properties influence focal length and image clarity.

4. Environmental Conditions

- External factors like light scattering and temperature can impact optical
performance.



Summary and Key Takeaways

- The object (candle) placed 36 cm in front of a converging lens with focal
length 12 cm produces a real, inverted, and smaller image located
approximately 9 cm on the other side of the lens.

- Using the lens formula, we accurately determine the image position and
size.

- The principles of image formation are fundamental in designing optical
devices such as cameras, microscopes, and corrective lenses.

- Real-world applications benefit from understanding these fundamental optics
concepts to optimize performance and image quality.

Frequently Asked Questions (FAQs)

Ql: What happens if the object is placed closer than
the focal length of the converging lens?

- The image formed is virtual, erect, and magnified, appearing on the same
side as the object. This principle underpins devices like magnifying glasses.

Q2: How does changing the object distance affect the
image?

- Moving the object closer to or farther from the focal point changes the
position, size, and nature of the image, following the lens formula and
magnification equations.

Q3: Can converging lenses produce magnified images?

- Yes, especially when the object is within the focal length, the lens
produces magnified virtual images suitable for magnification purposes.

Conclusion

The scenario of a lighted candle placed 36 cm in front of a converging lens
with a focal length of 12 cm exemplifies fundamental principles of optics. By
applying the lens formula and understanding image characteristics, we find
that the image formed is real, inverted, and located approximately 9 cm from



the lens on the opposite side. Such insights are crucial for designing
optical instruments and understanding how light behaves in everyday devices.
Mastery of these concepts enhances both academic learning and practical
applications in science and technology.

Frequently Asked Questions

What is the nature of the image formed when a
lighted candle is placed 36 cm in front of a
converging lens with a focal length of 12 cm?

The image is real, inverted, and magnified, formed on the opposite side of
the lens at a distance greater than 36 cm.

How do you determine the position of the image
formed by the converging lens in this setup?

Using the lens formula 1/f = 1/v - 1/u, where u = -36 cm (object distance), f
= 12 cm (focal length), solve for v to find the image position.

What is the magnification of the image formed in
this scenario?

Magnification (M) is given by v/u. Once v is calculated, divide v by u (-36
cm) to find the magnification, which will be greater than 1, indicating a
magnified image.

Will the image formed be real or virtual, and why?

The image is real because the object is placed beyond the focal length of the
converging lens, resulting in a real, inverted image on the other side.

How does the placement of the candle relative to the
focal point affect the image formation?

Placing the candle beyond the focal point (more than 12 cm from the lens)
produces a real, inverted, and magnified image. If placed closer than 12 cm,
the image would be virtual and erect.

What practical applications can be derived from
understanding this lens setup?

This setup is fundamental in designing magnifying glasses, microscopes, and
camera lenses, where controlling image size and clarity is essential.



Additional Resources

A Lighted Candle Is Placed 36 Cm In Front Of A Converging Lens Of Focal
Length 12 Cm, Which In Turn Is: An In-Depth Exploration of Lens Optics and
Image Formation

Introduction: The Fascinating World of Optical
Imaging

In the realm of optics, the behavior of light as it interacts with various
lenses and objects forms the foundation of much technological progress—from
simple magnifiers to complex telescopic systems. Among these, converging
lenses, also known as convex lenses, play a pivotal role in manipulating
light to produce real or virtual images with remarkable precision. This
article delves into a specific scenario: a lighted candle placed in front of
a converging lens with a known focal length, analyzing the image formation
process, the principles involved, and the broader implications.

Understanding this scenario not only illuminates fundamental concepts in
optics but also demonstrates practical applications, such as in microscopes,
cameras, and eye glasses. We will systematically explore the physics behind
the image formation, the mathematical tools used to analyze it, and the
insights gained from such studies.

Section 1: Fundamental Concepts in Lens Optics

Before analyzing the specific setup, it is essential to review core
principles related to converging lenses.

1.1. Converging (Convex) Lenses

Converging lenses are thicker at the center than at the edges. They refract
incoming parallel rays of light so that they converge at a point called the
focal point. The key parameters defining a converging lens include:

- Focal Length (f): The distance from the lens's optical center to its focal
point. For this scenario, \(f = 12\,cm\).

- Principal Axis: The line passing through the center of the lens and the
focal points.

- Principal Focus (F): The point where parallel rays converge after passing



through the lens.

1.2. Image Formation Principles

The process of image formation involves understanding how rays originating
from an object (in this case, a candle) behave when they pass through the
lens:

- Ray 1: Parallel to the principal axis, refracts through the focal point on
the opposite side.

- Ray 2: Passes through the center of the lens without deviation.

- Ray 3: Passes through the focal point before reaching the lens, refracts
parallel to the principal axis.

The intersection point of these refracted rays determines the position and
nature of the image.

1.3. Sign Conventions in Lens Formula

The mathematical analysis hinges on the lens formula:

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

Where:

- \(f\): focal length (positive for converging lenses)

- \(u\): object distance (distance from the object to the lens; negative if
object is on the same side as the incoming light)

- \(v\): image distance (distance from the lens to the image; positive if
real and on the opposite side of the object)

In this scenario, the candle is placed in front of the lens, so:

- \(u = -36\,cm\) (object on the same side as incoming light)

Section 2: Analyzing the Scenario — The Setup
and Its Parameters

Let us now contextualize the problem with the given data:



- Object (Candle) Distance from Lens: 36 cm in front of the lens
- Focal Length of Lens: 12 cm
- Type of Lens: Converging lens (positive focal length)

This setup is typical in optics experiments aimed at understanding image
characteristics such as size, orientation, and nature (real or virtual).

2.1. Visualizing the Scene

Imagine a candle emitting light placed 36 cm in front of a convex lens, which
is focused to bring light to a point at 12 cm from its center. The primary
guestions are:

- Where will the image of the candle be formed?
- What will be the size and nature of this image?
- How does the focal length influence the image's properties?

This analysis applies fundamental lens equations and ray diagrams to
visualize and solve the problem.

Section 3: Mathematical Analysis — Applying the
Lens Formula

The core of understanding the image formation lies in calculating the image
distance \(v\) using the lens formula.

3.1. Calculating the Image Distance

Given:

\ [

f = 12\,cm \quad (\text{positive for converging lens})

\1]

\ [

u = -36\,cm \quad (\text{object in front of the lens, on the same side as
incoming light})

\1]

Applying the lens formula:

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



\]

Rearranged as:

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

Substituting the known values:

\ [

\frac{1}{v} = \frac{1}{12} + \frac{1}{-36} = \frac{1}{12} - \frac{1}{36}
\1

Calculating:

\ [

\frac{1}{v} = \frac{3}{36} - \frac{1}{36} = \frac{2}{36} = \frac{1}{18}
\1

Therefore:

\ [

v = 18\, cm

\1

Interpretation:

- The positive value of \(v\) indicates that the image is real and formed on
the opposite side of the lens, 18 cm from the lens.

3.2. Determining the Magnification

Magnification (\(m\)) describes the size relationship between the image and
the object:

\ [
m = \frac{v}{u}
\1

Substituting the known values:

\ [
m = \frac{18}{-36} = -0.5
\1]

The negative sign indicates that the image is inverted relative to the
object. The magnitude (0.5) suggests that the image is half the size of the
candle.



Summary:

- Image Distance: 18 cm on the opposite side of the lens
- Image Nature: Real, inverted, diminished

Section 4: Image Characteristics and Practical
Implications

The calculation reveals crucial insights into the nature of the image formed
by the converging lens.

4.1. Nature of the Image

- Real and Inverted: Since the image distance is positive, the image is real
and formed on the opposite side.

- Magnified or Diminished: The magnification less than 1 indicates a smaller,
diminished image.

- Position: 18 cm from the lens, closer than the object, satisfying the lens
formula's predictions.

4.2. Image Size and Orientation

If the candle's height is denoted as \(H\), then the image height \(h\) is:

\ [
h = m \times H
\1]

Given the magnification magnitude of 0.5, the image will be half the height
of the candle, inverted.

4.3. Practical Applications

Understanding these principles enables numerous real-world applications:

- Magnification Devices: Such as microscopes or camera lenses, where object
distances are manipulated to produce desired image sizes.

- Projection Systems: Projecting images onto screens at specific distances.
- Medical Imaging: Using converging lenses to focus light for diagnostic
tools.



- Educational Demonstrations: Visualizing how changing object distance
affects image properties.

Section 5: Broader Implications and Related
Phenomena

The specific scenario is a microcosm of broader optical phenomena and
technological principles.

5.1. Depth of Focus and Field

Manipulating object distances relative to the focal length influences the
depth of focus, crucial in camera design and visual ergonomics.

5.2. Focal Length Variations

- Shorter focal lengths: Produce larger magnifications but with a narrower
field of view.

- Longer focal lengths: Offer a wider field but less magnification, relevant
in telephoto lenses.

5.3. Lens Aberrations and Limitations

Real lenses are subject to aberrations like chromatic aberration and
spherical aberration, which can distort images. Understanding idealized
calculations helps in designing correction techniques.

Section 6: Conclusion — Bridging Theory and
Practice

The analysis of a candle placed 36 cm in front of a converging lens with a
focal length of 12 cm exemplifies fundamental principles in optics,
illustrating how precise calculations can predict real-world image formation.
The real, inverted, and diminished image created at 18 cm behind the lens
underscores the importance of understanding object-lens relationships, sign
conventions, and the mathematical tools at our disposal.



From scientific research to everyday technological devices, the principles
exemplified here continue to underpin advances in imaging, communication, and
visualization. Mastery of these concepts empowers engineers, scientists, and
students alike to innovate and deepen our understanding of the light-based
universe.

In essence, the scenario underscores how a simple setup can encapsulate the
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