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How Does a Periscope Work?

When you picture a periscope, the image that often comes to mind is that of a submarine crew peering above the
water to spot a target, a bird, or a distant landmark. Yet, the simple device that makes this possible is an elegant
application of basic optics. Understanding how a periscope works not only satisfies curiosity but also highlights how
centuries of scientific insight have been distilled into a compact, practical tool. In this article, we will walk through
the history, the science, the parts, and the modern applications of periscopes. By the end, you'll be able to explain
to a friend how a periscope turns a hidden observer into a strategic eye on the world.

1. A Brief History of the Periscope

1.1 The Early Idea of Seeing Over Obstacles

The concept of looking around a barrier using mirrors dates back to ancient times. Archimedes, in the 3rd century
BCE, is credited with inventing a rudimentary periscope to observe the enemy’s ships during the siege of Syracuse.
Though his design was likely a simple pair of mirrors mounted on a tube, it laid the groundwork for future optical
devices.

1.2 From Simple Mirrors to Submarine Eyes

Fast-forward to the 19th century, when the industrial revolution spurred the development of more refined optical
instruments. In 1884, the British Royal Navy introduced the first practical submarine periscope, designed to allow a
commander to see above the waterline while the vessel remained submerged. This design incorporated a series of
prisms and lenses, setting a standard that would evolve into the periscopes used on modern submarines.

1.3 Modern Enhancements

Today, periscopes are found in a variety of contexts: from the classic naval periscope to the compact camera
periscopes in smartphones, to the sophisticated optical systems used in surveillance and scientific research. Each
iteration builds on the same fundamental principle: redirecting light so that an observer can view an otherwise
inaccessible point.

2.The Basic Principle of Light Reflection

2.1 Light as a Straight Line Traveler

At the heart of a periscope’s operation is the behavior of light. Light travels in straight lines until it encounters a
surface that reflects, refracts, or absorbs it. Mirrors, which are polished surfaces that reflect light, are the key to the
periscope’s function.

2.2 The Law of Reflection

The law of reflection states that the angle of incidence (the angle at which light strikes a surface) equals the angle
of reflection (the angle at which light leaves the surface). This predictable behavior allows engineers to design a
periscope that directs light from a distant scene straight to the viewer’s eye.

3. Core Components of a Periscope



A periscope may look simple, but it is a carefully orchestrated assembly of optical elements. Below is a breakdown
of the essential components:

e Mirrors or Prisms: The heart of the device. Mirrors reflect light, while prisms can also bend it with minimal loss
of clarity.

* Objective Lens: The first lens that captures light from the scene and begins forming an image.

* Eyepiece Lens: The final lens that magnifies the image for the viewer.

e Barrel or Tube: The structural housing that keeps all components aligned.

e Adjustment Mechanisms: Screws or knobs that allow fine-tuning of focus and alignment.
Sealing Elements: Especially in submarines, seals prevent water ingress into the optical path.

4. Light’'s Journey Through a Periscope

4.1 Step 1 — Capturing the Scene

The objective lens sits at the upper end of the periscope, facing the target. It gathers light from the scene and
begins to form a real, inverted image of that scene. In a simple two mirror periscope, the objective lens is often
omitted; the first mirror serves the same role.

4.2 Step 2 — Reflecting the Image

Light travels down the tube until it encounters the first mirror, angled at 45°. The mirror reflects the light horizontally,
redirecting the image toward the second mirror located near the viewer’s eye.

4.3 Step 3 — Final Reflection and Viewing

The second mirror, also angled at 45°, reflects the light upward toward the eyepiece. The viewer looks into the
eyepiece and sees a clear, upright image of the scene. The two 45° reflections cancel each other out, restoring the
correct orientation of the image.

4.4 Optional Step — Using Prisms

Modern periscopes often replace mirrors with prisms. Prisms can reflect light using total internal reflection, which
preserves image quality and reduces the need for reflective coatings. The principle remains the same: redirect light
so the observer can see the target.

5.Types of Periscopes

5.1 The Classic Two Mirror Periscope

Found in early submarines and in many educational kits, this design uses two mirrors to redirect light. It is
straightforward, inexpensive, and highly effective for basic viewing tasks.

5.2The Prism Based Periscope

Submarines and modern surveillance devices favor prism periscopes because they offer higher image fidelity and
are less prone to glare. The prisms also allow for more compact designs.

5.3 The Mechanical Periscope

In some applications, the periscope’s barrel can be rotated or extended. Mechanical periscopes are common in
military vehicles, where the operator needs to view around corners or over obstacles.

5.4 The Digital Periscope

With the rise of digital imaging, periscopes have evolved into camera-based systems. A small camera replaces the



optical path, and the image is transmitted to a screen or recorded. This type is widely used in security systems and
remote sensing.

6. The Science Behind Magnification and Focus

6.1 Lens Power and Focal Length

Each lens in a periscope has a specific focal length, measured in millimeters. The focal length determines how the
lens converges or diverges light. Shorter focal lengths produce higher magnification but can be more challenging to
align.

6.2 Achieving the Correct Focus

When the periscope’s barrel is extended, the distance between the objective lens (or first mirror) and the eyepiece
changes. Adjusting this distance or rotating the lenses allows the observer to bring the image into sharp focus.

6.3 Field of View

The field of view (FOV) is the width of the scene that the observer can see at once. It is influenced by the size of
the objective lens and the overall length of the periscope. A longer periscope typically offers a wider FOV but may
be less portable.

7. Practical Applications of Periscopes

7.1 Naval Warfare

Submarines rely on periscopes to surface briefly and scan the horizon for enemy vessels, aircraft, or navigation
aids. Modern submarines use high resolution, low light periscopes to maintain situational awareness while staying
submerged.

7.2 Surveillance and Security

Periscopes are integral to security cameras that need to monitor a wide area without revealing the camera’s
location. They also appear in hidden cameras used for covert observation.

7.3 Scientific Research

Field researchers often use periscopes to study wildlife in dense vegetation or to observe underwater ecosystems
without disturbing them. The ability to observe from a concealed position is invaluable.

7.4 Everyday Innovations

From the periscope cameras in smartphones to the simple periscopes in educational kits, the concept has
permeated everyday life. These devices help users capture images from unconventional angles or explore optical
principles hands on.

8. Maintaining and Caring for a Periscope

8.1 Cleaning the Optical Surfaces

Dust, grime, and moisture can degrade image quality. Use a soft microfiber cloth and a lens cleaner to gently wipe
the mirrors or prisms. Avoid using harsh chemicals that could scratch the reflective coating.

8.2 Checking Alignment

Over time, mechanical stress or accidental bumps can misalign the mirrors or lenses. Carefully inspect the
alignment and adjust the screws or adjustment knobs to restore proper focus.



8.3 Protecting Against Environmental Factors

In marine or humid environments, seals are critical. Ensure that all gaskets and weatherproofing are intact. In
extreme cold, condensation may form inside the periscope; using a dehumidifier or desiccant can mitigate this
issue.

9. Frequently Asked Questions

9.1 Can a Periscope Be Used Indoors?

Yes, a periscope can be used indoors to view around corners or to explore optical phenomena in a controlled
setting. However, the benefits are limited compared to outdoor or specialized applications.

9.2 How Do Modern Submarine Periscopes Compare to the Original Designs?

Modern periscopes use high precision optics, low light sensors, and digital image processing to provide clearer
images, even in low visibility conditions. They also incorporate advanced materials to reduce weight and increase
durability.

9.3 Are Periscopes Safe for Children?

When used responsibly, periscopes can be a safe educational tool. Parents should supervise usage, especially with
older periscopes that involve moving parts or high magnification.

9.4 Can | Build a Periscope at Home?

Absolutely! A simple two mirror periscope can be built with a cardboard tube, two mirrors, and a few screws.
Numerous tutorials are available online that walk through the process step by step.

10. Conclusion

From Archimedes’ early experiments to the sophisticated optical systems of today’s submarines, the periscope
remains a testament to human ingenuity. By harnessing the predictable behavior of light and cleverly arranging
mirrors or prisms, a periscope transforms a hidden observer into a powerful eye on the world. Whether you're
peering above the waves from a submarine, monitoring a wildlife habitat, or simply experimenting with optics in a
classroom, the periscope’s enduring relevance is clear. Understanding how it works not only deepens appreciation
for this classic instrument but also inspires new innovations in optical design and beyond.
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