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Understanding the interaction between convex and concave mirrors is fundamental in optics,
especially when analyzing their properties and applications. In this discussion, we explore a scenario
where a small convex mirror is positioned 60 centimeters from the pole and aligned along the axis of
a large concave mirror with a specified radius of curvature. This setup is not only an interesting case
study in geometrical optics but also has practical implications in designing optical instruments,
security systems, and vehicle mirrors.

Introduction to Mirrors in Optical Systems

Mirrors are reflective surfaces that change the direction of light rays to form images. They are
classified mainly into two types:

Concave Mirrors

- Curved inward, resembling a bowl.
- Converge light rays to a focal point.
- Used in telescopes, headlights, shaving mirrors.

Convex Mirrors

- Curved outward, like the exterior of a sphere.
- Diverge light rays.
- Provide a wider field of view, used in vehicle side mirrors and security cameras.

Understanding their principles involves parameters such as radius of curvature, focal length, object
distance, and image properties.

Details of the Scenario

This particular setup involves:



1. Alarge concave mirror with a known radius of curvature (R).
2. A small convex mirror placed 60 cm from the pole of this concave mirror.

3. Alignment along the principal axis of the system.

The key question revolves around understanding how the placement affects image formation, and
what optical phenomena occur in such arrangements.

Fundamentals of Mirror Optics

Before delving into the specifics, it’s crucial to review the foundational concepts:

Radius of Curvature (R)

- The radius of the sphere of which the mirror's surface is a part.
- Related to the focal length (f) by:
f=R/2

Focal Length (f)

- The distance from the mirror to its focus.
- Determines how rays converge or diverge.

Image Formation Rules

- For concave mirrors:

- Object beyond the focus: real, inverted, and magnified or diminished.
- Object at the focus: image at infinity.

- Object between the focus and pole: virtual, erect, and magnified.

- For convex mirrors:

- Always produce virtual, erect, and diminished images.

Mathematical Analysis of the Concave Mirror

Given the radius of the concave mirror, we can determine its focal length:



Calculating Focal Length

- Ris given (say, R cm).
- Focal length f = R/ 2.

Object and Image Distances

- Let’s denote:
- Object distance from the mirror: u.
- Image distance from the mirror: v.

Using the mirror equation:

1/f = 1/v + 1/u

Where:
- u is negative if the object is in front of the mirror.
- v is positive if the image is real and on the same side as the object, negative if virtual.

Positioning of the Convex Mirror

The small convex mirror is placed 60 cm from the pole of the concave mirror along the principal
axis. Its placement influences the overall optical system, possibly creating a compound mirror setup
with unique properties.

Effects of Placement

- The convex mirror acts as a diverging element, influencing the light rays before or after they
interact with the concave mirror.

- Depending on whether the convex mirror is in front of or behind the concave mirror, the system
can behave as a combined optical device.

Possible Configurations

1. Convex mirror in front of the concave mirror: light first strikes the convex mirror, then the
concave mirror.

2. Convex mirror behind the concave mirror: light first reflects off the concave mirror, then the
convex mirror.



In typical applications, the convex mirror's position relative to the concave mirror determines
whether the images are real or virtual, magnified or diminished.

Optical Behavior and Image Formation

Depending on the arrangement, several optical phenomena occur:

Scenario 1: Convex Mirror in Front of the Concave Mirror

- The convex mirror diverges incident rays, creating a virtual, erect, and diminished image.
- This virtual image then acts as an object for the concave mirror, which may produce a real or
virtual image based on the object distance.

Scenario 2: Convex Mirror Behind the Concave Mirror

- The concave mirror forms an image first.

- This image then serves as the object for the convex mirror, which again produces a virtual, erect,
and diminished image.

Understanding the interplay involves applying the mirror formulas sequentially:

For the concave mirror:

1/f1 = 1/v1 + 1/u:

For the convex mirror:
1/f2 = 1/v2 + 1/u:2

Where w1 and v: are the object and image distances for the concave mirror, and u2 and vz are the
respective distances for the convex mirror, relative to their poles.

Practical Applications of Such Mirror Arrangements

This configuration has practical implications in various fields:

Security and Surveillance

- Combining convex and concave mirrors enhances visibility in security setups.
- Convex mirrors provide a wide-angle view, while concave mirrors focus light for detailed



inspection.

Optical Instruments

- Used in telescopes for combining mirror types to correct aberrations.
- In microscopes, concave mirrors focus light, while convex elements can aid in field correction.

Vehicle Mirrors

- Convex mirrors on vehicles provide a broad field of view.
- Concave mirrors can be used in headlamps for focusing beams.

Design Considerations and Calculations

Designing such a system involves several steps:

Step 1: Determine the Radius of Curvature

- Ris given or chosen based on desired focal length and application.

Step 2: Calculate Focal Lengths

- For the concave mirror: fi = R/ 2.
- For the convex mirror: typically, the radius of curvature Rz is less, and f2 = R2 / 2, with R2 negative.

Step 3: Establish Object and Image Distances

- For the initial object (e.g., an object in front of the concave mirror), determine its distance ua.
- Use the mirror equation to find the image position vi.

Step 4: Analyze the Effect of the Convex Mirror

- Determine the object distance for the convex mirror (uz), which could be the image formed by the
concave mirror.
- Calculate the resulting image position vo.

Step 5: Consider the Overall System Behavior

- Trace rays through the entire system.
- Assess whether the final image is real or virtual, magnified or diminished.



Conclusion and Summary

The placement of a small convex mirror 60 cm from the pole of a large concave mirror introduces a
complex yet fascinating optical system. By understanding the fundamental principles of mirror
optics, including the relationships between radius of curvature, focal length, and object/image
distances, one can analyze and predict the behavior of such arrangements.

This setup exemplifies the intricate interactions between diverging and converging mirrors, with
practical applications across optical devices, vehicle safety, and security systems. Proper
calculations and understanding of the principles allow for the precise design of optical systems
tailored to specific needs.

Ultimately, mastering the concepts behind such configurations enhances our ability to innovate and
utilize optical phenomena effectively in technology and daily life.
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Frequently Asked Questions

What is the purpose of placing a small convex mirror in front
of a large concave mirror?

The small convex mirror is typically used to observe the area around the large concave mirror, often
for safety, alignment, or to view objects outside the main optical axis without interference.

How does the position of the convex mirror affect the image
formed by the large concave mirror?

Placing the convex mirror 60 cm from the pole influences the overall optical system's reflections,
potentially creating combined images that depend on the distances and focal lengths of both
mirrors, affecting image size and position.

What is the significance of the convex mirror being on the axis
of the concave mirror?

Positioning the convex mirror on the same axis ensures that reflections and viewing angles are
aligned, allowing for accurate observation and consistent optical behavior in the combined system.



How do the focal lengths of the convex and concave mirrors
relate in this setup?

The concave mirror's focal length is determined by its radius of curvature (f = R/2), while the convex
mirror has a negative focal length. Their combined optical effects depend on these focal lengths and
their relative positions.

What are the typical applications of such mirror arrangements
in real-world optics?

This setup can be used in telescopic systems, security mirrors, or optical instruments where
auxiliary mirrors are used for viewing around obstacles or for specific image formations.

How does the distance of 60 cm from the pole impact the size
and nature of the images formed?

The 60 cm distance from the pole determines the position of the convex mirror relative to the
concave mirror, affecting the virtual or real nature of images, as well as their magnification and
clarity depending on the optical parameters.

Can the convex mirror be used to correct aberrations in the
system involving the concave mirror?

Generally, convex mirrors are not used to correct aberrations but rather to provide auxiliary views;
however, in complex systems, they may help in reducing certain distortions by redirecting light
paths.

What is the impact of the radius of the large concave mirror
on the image formed?

The radius of curvature determines the focal length of the concave mirror; a larger radius results in
a longer focal length, leading to different image sizes and positions depending on object distances.

How do you calculate the combined effect of the convex and
concave mirrors in this setup?

You analyze each mirror separately using mirror equations (1/f = 1/v + 1/u), then combine their
effects considering the distances and orientations, often using ray diagrams or optical formulas to
determine the final image properties.

Additional Resources
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Introduction

Optical systems involving multiple mirrors are fundamental in understanding light behavior,
especially in applications such as telescopes, microscopes, and security devices. The arrangement
involving a small convex mirror positioned along the axis of a large concave mirror presents
intriguing optical phenomena rooted in reflection principles, image formation, and magnification.
This analysis explores the scenario where a small convex mirror is placed 60 cm from the pole of a
large concave mirror of a given radius, delving into the physics governing such a setup, the image
formations, and practical implications.

Fundamental Concepts and Definitions
Before analyzing the specific setup, let's clarify essential concepts:
Convex Mirror

- Definition: A mirror with a convex reflective surface bulging outward.

- Focal Length: Always positive; focal length \(f {convex} = \frac{R}{2}\), where \(R\) is the radius
of curvature.

- Image Characteristics:

- Virtual

- Erect

- Reduced in size

- Located behind the mirror

Concave Mirror

- Definition: A mirror with an inwardly curved reflective surface.
- Focal Length: Negative, \(f {concave} = -\frac{R}{2}\).

- Image Characteristics:

- Can be real or virtual depending on object position

- Inverted

- Magnified or diminished depending on the position

Key Parameters

- Radius of Curvature (R): The distance from the mirror's pole to its center of curvature.

- Focal Length (f): Half of R, with sign conventions depending on mirror type.

- Object Distance (u): Distance from the object (or in this case, the mirror's pole where the small

mirror is placed) to the mirror.
- Image Distance (v): Distance from the mirror to the formed image.

Setup Description and Assumptions

The scenario involves:



- A large concave mirror with a known radius of curvature \( R ).
- A small convex mirror placed 60 cm from the pole of the large concave mirror along the axis.
- The placement is linear, with both mirrors aligned along the principal axis.

Assumptions for Analysis:

- The small convex mirror is considered ideal, with known focal length.

- The large concave mirror is spherical, with a specified radius \( R \).

- The medium is air, with standard optical properties.

- The distance between the small convex mirror and the pole of the concave mirror is precisely 60
cm.

- The small mirror's size is negligible compared to the large mirror, thus no significant diffraction or
aberration effects.

- The environment is static; no movement of mirrors or objects during analysis.

Optical Principles Governing the Arrangement

Understanding the optical behavior in this setup involves multiple principles:

Reflection and Image Formation

- Light rays incident on mirrors reflect following the law of reflection: angle of incidence equals
angle of reflection.

- In systems with multiple mirrors, rays may reflect multiple times before forming an image or
reaching the observer.

Ray Tracing Approach

- To analyze image positions, geometrical optics and ray tracing are employed.

- Rays originating from a point source or entering the system will reflect off the mirrors, with their
paths altered according to the mirror's curvature and position.

Sign Convention and Coordinate System

- The Cartesian sign convention is commonly used:

- The pole (P) of the mirror is at the origin.

- The principal axis extends in the positive direction.

- Object distances (u) are negative if object is in front of the mirror.

- Image distances (v) are positive if real and on the same side as the object; negative if virtual and on
the opposite side.

Step-by-Step Analysis
1. Determining the Focal Length of the Concave Mirror

Given the radius:



\[ R = \text{(value to be specified; for example, R = 120 cm)} \]

then:

\[ f {concave} = -\frac{R}{2}\]

For\(R =120\,cm \):

\[ £ {concave} = -60\,cm \]

This indicates the focal length is 60 cm, with the negative sign signifying a concave mirror.

2. Positioning of the Small Convex Mirror

- The small convex mirror is placed 60 cm from the pole of the large concave mirror along the
principal axis.

- Assuming the pole of the concave mirror at \( P = 0\,cm \), then:

\[ \text{Position of convex mirror} = +60\,cm \]

- The small convex mirror's focal length \( f {convex} \) is positive (say, 20 cm for illustration).

3. Image Formation by the Concave Mirror

- If an object (or in this case, the small convex mirror) is placed at \( u = -60\,cm \) relative to the
concave mirror, then the image position \( v \) can be found via the mirror formula:

\[

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

- Substituting:

\[

\frac{1}{-60} = \frac{1}{v} + \frac{1}{-60}
\]

which simplifies to:

\[

\frac{1}{v} =0

\]

indicating that the image is formed at infinity.

Implication: When the object is at the focus of a concave mirror, the reflected rays are parallel, and
the image is formed at infinity.

4. Effect of the Convex Mirror

- The small convex mirror placed at 60 cm from the pole will produce a virtual image of any rays



incident upon it.
- Light rays reflected from the large concave mirror will then strike the convex mirror, producing
images that can be analyzed based on the position of the convex mirror and its focal length.

5. Complex Ray Path and Multiple Reflections

- Light rays from an object or the environment first reflect off the large concave mirror.

- These reflected rays then encounter the small convex mirror.

- The convex mirror reflects these rays, forming a virtual image behind itself.

- The process involves recursive reflections, which can produce multiple images depending on the
initial object position.

Deep Dive: Practical Implications and Applications
Image Formation and Magnification

- When the small convex mirror is placed on the axis at 60 cm from the large mirror's pole, it
essentially intercepts the rays reflected from the large mirror.

- The virtual image formed by the convex mirror will be reduced and erect, situated behind the
convex mirror.

- The position of this virtual image depends on:

\[
\text{Image distance for convex mirror:} \quad v_{convex} = \frac{f {convex} \times
u {convex}}{u {convex} -f {convex}}

\]

where \( u_{convex} \) is the distance from the convex mirror to the incident rays (which originate
from the large mirror's reflection).

Significance in Optical Devices

- Such arrangements are analogous to periscopes or security mirrors, where multiple reflections are
used to observe from hidden positions.

- In telescopic systems, combining concave and convex mirrors allows for correcting aberrations and
enhancing image quality.

Limitations and Challenges

- Alignment precision is crucial; small deviations can significantly alter the image positions.

- Aberrations like spherical aberration, coma, and distortion can affect the clarity of the formed
images.

- Size discrepancies between the mirrors can influence the field of view and the intensity of the
images.

Mathematical Modeling and Calculations



Determining the Image Position

Suppose the convex mirror has a focal length \( f {convex} = +20\,cm ), and is placed 60 cm from
the concave mirror's pole.

- For rays reflected from the concave mirror and incident on the convex mirror:
\[
u {convex} = \text{distance from the convex mirror to the point of incidence}

\]

This distance depends on the path of the rays, but for a simplified model, assume the rays hit the
convex mirror directly after reflection from the concave mirror at some angle.

Approximate Calculation

- For parallel rays incident on the convex mirror (e.g., rays reflected from the concave mirror when
the object is at focus), the virtual image formed by the convex mirror is located behind it at:

\[

v _{convex} = -f {convex} = -20\,cm

\]

- This virtual image then acts as a secondary object for further reflection or observation.

Composite System Behavior

- By combining the mirror equations and considering the distances, one can calculate the final image
position and size as perceived by an observer looking into the system.

Advanced Considerations

Multiple Reflections and Image Positions

- In complex systems, multiple reflections can lead to multiple images.

- The magnification at each stage influences the perceived size.

- Superposition of images can sometimes cause confusion but can be exploited in optical instruments
for specific diagnostic purposes.

Effect of Mirror Curvature and Size

- Larger radius
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