
A Shopper Standing 3.00 M From A
Convex Security Mirror Sees His Image
With A Magnification Of 0.250.

Understanding the Scenario: A Shopper and a
Convex Security Mirror

Introduction to the Problem
A shopper standing 3.00 m from a convex security mirror sees his image with a
magnification of 0.250. This scenario involves fundamental principles of
optics, particularly the behavior of convex mirrors, image formation, and
magnification. To analyze this situation thoroughly, it is crucial to
understand the properties of convex mirrors, how they form images, and how
magnification relates to object and image dimensions.

Basics of Convex Mirrors

What Is a Convex Mirror?
A convex mirror, also known as a diverging mirror, has a reflective surface
that curves outward. Unlike concave mirrors, convex mirrors always produce
virtual, upright, and diminished images of objects placed in front of them.

Convex mirrors are commonly used in security and safety applications,
such as store surveillance and vehicle side mirrors.

They provide a wider field of view compared to flat or concave mirrors.

The focal length (f) of a convex mirror is positive, and the mirror's
radius of curvature (R) relates to f by R = 2f.

Image Formation in Convex Mirrors
For convex mirrors:

Images are virtual (formed behind the mirror).



Images are upright (erect).

Images are reduced in size (diminished).

These properties make convex mirrors ideal for security purposes, as they
allow the observer to see a wide area and a smaller, virtual image of objects
and people in front of them.

Understanding Magnification in Mirrors

Definition of Magnification
Magnification (M) is the ratio of the height of the image (h') to the height
of the object (h). It can also be expressed in terms of distances:

M = h'/h

For mirrors, magnification can be calculated as:

M = - (v / u)

where:

v = image distance from the mirror (positive if virtual and on the same
side as the object)

u = object distance from the mirror (always negative for real objects in
mirror convention)

Implication of the Given Magnification
Given that the magnification M = 0.250, the image is upright and smaller than
the object. Specifically, the image height is 25% of the object's height,
indicating a diminished virtual image typical of convex mirrors.

Calculating the Image and Object Distances



Applying the Magnification Formula
From the problem:

Object distance, u = -3.00 m (by convention, object distances are
negative for real objects in mirror formula)

Magnification, M = 0.250

Using the relation:

M = - v / u

Rearranged to find v:

v = - M  u

Calculating the Image Distance (v)
Substituting the known values:

v = - (0.250)  (-3.00 m) = 0.75 m

The positive value of v indicates that the image is virtual and located 0.75
m behind the mirror, consistent with the properties of convex mirrors.

Determining the Focal Length of the Convex
Mirror

Using the Mirror Equation
The mirror equation relates object distance (u), image distance (v), and
focal length (f):

1/f = 1/v + 1/u

Substituting the known values:

1/f = 1/0.75 m + 1/(-3.00 m) = (4/3) - (1/3) = (3/3) = 1

Therefore:

f = 1 m



Sign Convention and Confirmation

The focal length of a convex mirror is positive, so f = +1 m.

The radius of curvature R = 2f = 2 meters.

This confirms the characteristics of the mirror used in this scenario.

Summary of Key Results

Object distance, u = -3.00 m

Image distance, v = +0.75 m

Focal length, f = +1.00 m

Magnification, M = 0.250

Practical Implications and Applications

Security and Surveillance
Convex mirrors are integral in security settings because they provide a wide-
angle view of the environment. The fact that the image is reduced
(magnification < 1) ensures that the reflectors can cover large areas, making
it easier for security personnel to monitor multiple zones simultaneously.

Design of Security Mirrors

Size of the mirror correlates with the desired field of view.1.

The curvature (radius of curvature) determines the focal length and2.
image characteristics.

Placement distance from the observer affects the size and clarity of the3.
virtual image.



Conclusion: The Significance of the Calculation
This analysis demonstrates how fundamental optical principles enable us to
understand and design security mirrors effectively. By knowing the object
distance and the magnification, we can determine the mirror's focal length
and image position, which are crucial for optimal security setup.

In the given scenario, the convex security mirror positioned such that a
shopper 3.00 m away perceives a virtual image that is only 25% of his real
size highlights the mirror's ability to provide a broad view while
maintaining the image's virtual and upright nature. This understanding
underscores the importance of optics in everyday security applications and
the value of physics in practical design considerations.

Frequently Asked Questions

How is the magnification of 0.250 related to the
size of the image seen in the convex mirror?
A magnification of 0.250 means the image is one-quarter the size of the
actual object, indicating the image is diminished compared to the object.

Given the object distance of 3.00 m and a
magnification of 0.250, how can we find the image
distance in the convex mirror?
Using the magnification formula M = - (image distance / object distance), we
find image distance = - (M × object distance) = - (0.250 × 3.00 m) = -0.75 m.
The negative sign indicates the image is virtual and on the same side as the
object.

What is the focal length of the convex mirror if the
object is 3.00 m away and the image appears
diminished with a magnification of 0.250?
Using mirror formula and magnification, the focal length can be calculated as
approximately 1.00 m, indicating a convex mirror with a positive focal length
that produces a virtual, reduced image.

Why does the shopper see a smaller image
(magnification 0.250) in the convex mirror at 3.00 m
distance?
Convex mirrors always produce virtual, upright, and diminished images because
their curved surface causes diverging rays, resulting in a smaller, virtual



image that appears behind the mirror.

How does the distance of 3.00 m from the convex
mirror affect the size of the image observed by the
shopper?
At 3.00 m from the convex mirror, the shopper sees a smaller, virtual image
due to the diverging nature of the mirror, with the size determined by the
magnification factor of 0.250.

Additional Resources
A Shopper Standing 3.00 M From A Convex Security Mirror Sees His Image With A
Magnification Of 0.250

Understanding the Context: The Role of Convex
Mirrors in Security Settings

In modern retail environments and security setups, convex mirrors are a
common sight, strategically installed to enhance surveillance and safety.
Their curved surfaces provide a wide-angle view, minimizing blind spots and
enabling security personnel or shopkeepers to monitor larger areas
effectively. These mirrors are not only functional but also serve as an
integral part of security architecture, deterring theft and ensuring customer
safety.

Imagine a shopper standing at a distance of 3.00 meters from such a convex
mirror and observing his own reflection, which appears magnified or
diminished depending on the mirror’s properties. The scenario under
consideration involves this shopper witnessing his image with a magnification
of 0.250, a value that indicates the size relationship between the image and
the actual object.

This particular case offers a fascinating opportunity to explore the physics
of convex mirrors—specifically, how they form images, the relationship
between object distance, image distance, magnification, and the mirror's
focal length. By analyzing these parameters, we can understand why the image
appears as it does and what implications this has for security and
surveillance.

Fundamentals of Convex Mirrors



Characteristics of Convex Mirrors

Convex mirrors are diverging mirrors characterized by their outward-curving
reflective surface. Unlike concave mirrors, which focus light inward, convex
mirrors spread incoming light rays outward, creating virtual images that are
upright and diminished in size.

Key features include:

- Focal Length (f): Positive for convex mirrors, typically shorter than the
radius of curvature.
- Radius of Curvature (R): The distance from the mirror’s center to its
surface; R is positive for convex mirrors.
- Image Formation: Creates virtual, upright, and reduced images that appear
behind the mirror.

Image Formation and Ray Diagrams

The formation of images in convex mirrors can be understood through ray
diagrams involving:

- Parallel Ray: Reflects outward after hitting the mirror, appearing to
diverge from the focal point behind the mirror.
- Center of Curvature Ray: Passes through the center of curvature, reflecting
back along its incoming path.
- Focal Ray: A ray directed toward the focal point, which, after reflection,
travels parallel to the principal axis.

These rays diverge after reflection, but their extensions behind the mirror
intersect to form a virtual image.

Analyzing the Scenario: Key Parameters and
Concepts

Given Data:

- Object (shopper) distance from the mirror, u = -3.00 m (negative sign
conventionally indicates object on the same side as the mirror in optics).
- Magnification, m = 0.250.

Objective:

- To determine the image distance (v).
- To understand the nature of the image being formed.
- To find the focal length of the convex mirror.



- To analyze the implications of the magnification value.

Relationship Between Object Distance, Image
Distance, and Magnification

The fundamental lens/mirror equations are:

1. Mirror formula:

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

2. Magnification formula:

\[
m = \frac{h_{i}}{h_{o}} = -\frac{v}{u}
\]

Where:

- f: focal length of the mirror.
- v: image distance (positive if image is real and on the same side as the
object, negative if virtual and on the opposite side).
- u: object distance (negative if object is in front of the mirror).
- h_i: height of the image.
- h_o: height of the object.

Since the image is virtual (typical for convex mirrors), v will be positive,
and the image appears behind the mirror.

Using magnification:

\[
m = -\frac{v}{u}
\]

Given:

\[
m = 0.250, \quad u = -3.00\, \text{m}
\]

Calculating:

\[
0.250 = -\frac{v}{-3.00}
\]



\[
0.250 = \frac{v}{3.00}
\]

\[
v = 0.250 \times 3.00 = 0.75\, \text{m}
\]

Thus, the image forms at v = +0.75 m behind the mirror.

Interpretation:

- The positive value confirms the virtual nature of the image.
- The image is upright and reduced in size, consistent with magnification
less than 1.

Determining the Focal Length of the Convex
Mirror

Using the mirror formula:

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

Substituting known values:

\[
\frac{1}{f} = \frac{1}{0.75} + \frac{1}{-3.00}
\]

\[
\frac{1}{f} = \frac{4}{3} - \frac{1}{3} = \frac{3}{3} = 1
\]

Therefore:

\[
f = 1\, \text{m}
\]

Since it's a convex mirror, the focal length is positive, confirming the
earlier assumption.

Radius of Curvature:

\[
R = 2f = 2 \times 1\, \text{m} = 2\, \text{m}



\]

This indicates that the convex mirror has a radius of curvature of 2 meters,
which is typical for security mirrors in retail settings where wide fields of
view are necessary.

Implications of the Magnification and Image
Formation

The magnification of 0.250 indicates that the image is four times smaller
than the object (since magnification is less than 1). This reduction enhances
security by preventing the shopper from seeing an enlarged reflection, which
could be disorienting, but still providing enough visual detail for
recognition.

From the calculations:

- The virtual image is located 0.75 meters behind the mirror.
- The object (the shopper) standing 3 meters in front sees a diminished,
upright image.

Practical Significance:

- Security Enhancement: The reduced image size allows shopkeepers to monitor
multiple angles with a single mirror.
- Safety Considerations: The convex mirror's wide-angle view helps prevent
accidents by allowing both staff and shoppers to see around corners.
- Design Optimization: Understanding the focal length and image formation
aids in strategically placing such mirrors for maximum surveillance coverage.

Broader Insights: Physics in Everyday Security
Devices

This scenario underscores how physics principles directly translate into
everyday security solutions. The properties of convex mirrors—divergence of
rays, virtual image formation, and the relationship between object and image
parameters—are harnessed to design effective surveillance tools.

The calculations reveal:

- The importance of the mirror’s curvature in defining image size and
position.
- How magnification relates to perceived image size — crucial for security
personnel assessing distances visually.
- The relevance of focal length in determining the mirror's field of view.



Advancements and Considerations:

- Modern security mirrors often integrate high-quality convex glass with
specific focal lengths tailored to the environment.
- Digital enhancements, such as CCTV combined with convex mirrors, provide
layered security.
- The physics principles guiding convex mirror design continue to evolve,
emphasizing safety, efficiency, and cost-effectiveness.

Conclusion: The Intersection of Physics and
Security

The analysis of a shopper standing 3.00 meters from a convex security mirror
with a magnification of 0.250 illuminates the rich interplay between optics
and practical security measures. By understanding the fundamental
principles—how convex mirrors form virtual, reduced images, and how
parameters like focal length influence image characteristics—security
designers can optimize mirror placement and specifications.

This scenario not only exemplifies the application of theoretical physics but
also highlights the importance of physics literacy in everyday safety and
surveillance. As technology advances, the foundational principles remain
central, ensuring that security devices continue to serve their vital role in
safeguarding public spaces.

---

In essence, the physics behind convex security mirrors—encapsulated in the
relationships among object distance, image distance, magnification, and focal
length—are pivotal in creating effective surveillance tools. The shopper’s
experience, seeing a smaller, upright image at a certain distance, is a
testament to the practical application of these optical principles, ensuring
safety and security in our daily environments.
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