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Understanding the phenomenon of apparent depth is fundamental in optics, especially
when dealing with objects submerged in liquids. When an object is placed at the bottom of
a tank filled with a liquid possessing a specific refractive index, such as 1.3, the object
appears closer to the surface than its actual position. This optical illusion results from the
bending of light rays as they pass from one medium to another, a process governed by the
principles of refraction. In this comprehensive article, we will explore the concept of
apparent depth, derive the relevant formula, analyze the factors affecting it, and examine
practical applications, all within the context of a liquid with a refractive index of 1.3.

Understanding Refraction and Refractive Index

What Is Refraction?

Refraction is the bending of light rays as they pass from one transparent medium into
another with a different optical density. This change in direction occurs due to the change
in the speed of light in different media. The phenomenon explains why a stick appears
bent when partially submerged in water, and why objects underwater seem closer to the
surface than they truly are.

Refractive Index (n)

The refractive index of a medium quantifies how much light slows down in that medium
compared to vacuum. It is defined as:

\[ n = \frac{c}{v} \]

where:
-\( c)) is the speed of light in vacuum,
-\(v) is the speed of light in the medium.

A higher refractive index indicates a greater bending of light rays. For example, the
refractive index of water is approximately 1.33, and that of glass varies around 1.5.



Apparent Depth: Concept and Significance

What Is Apparent Depth?

Apparent depth refers to the perceived depth of an object submerged in a transparent
medium, as observed from above the surface. Due to the bending of light rays at the
interface between the liquid and air, the object appears closer to the surface than its
actual position.

Why Does Apparent Depth Differ From Actual Depth?

When light travels from a denser medium (liquid) to a less dense medium (air), it bends
away from the normal. This bending causes the observer to perceive the object at a
shallower depth than it actually is, creating the illusion of reduced depth.

Deriving the Formula for Apparent Depth in a
Liquid with Refractive Index 1.3

Setup and Assumptions

Consider a tank filled with a liquid of refractive index \( n = 1.3\). An object is placed at a
real depth \( d \) below the liquid surface. An observer views the object from above,
looking through the liquid-air interface.

Assumptions:

- The interface between liquid and air is flat and horizontal.

- The observer's line of sight is perpendicular to the surface for simplicity.
- The medium is uniform, and the effects of refraction are idealized.

Applying Snell’s Law

Snell's law relates the angles of incidence and refraction:
\[ n_{liquid} \sin \theta {liquid} = n {air} \sin \theta {air} \]

Since \( n_{air} \approx 1), and for small angles or perpendicular viewing, the relation
simplifies.

Deriving the Apparent Depth Formula

When viewing the object from above, the light rays coming from the object bend at the
interface, and the apparent position \( d'\) can be related to the real depth \( d \) through
the following relation:



\[ \frac{d'}{d} = \frac{n_{air}}{n {liquid}} \]

Given \( n_{air} \approx 1 \), the formula simplifies to:
\[ d" =\frac{d}{n} \]

where:

-\(d'"\) = apparent depth,

-\(d\) = actual depth,

-\(n = 1.3 ) = refractive index of the liquid.

Therefore, the apparent depth of an object at the bottom of the tank is:

\[

\boxed{

d' = \frac{d}{1.3}
}

\]

This indicates that the object appears closer to the surface than it truly is, by a factor of
approximately 1/1.3.

Practical Calculation: Example Scenario

Suppose an object is placed at an actual depth of 26 cm in a tank filled with a liquid with a
refractive index of 1.3. The apparent depth would be:

\[
d' = \frac{26 \text{ cm}}{1.3} \approx 20 \text{ cm}
\]

This means the object appears to be only 20 cm below the surface, leading to potential
misjudgments in depth perception if the refractive index is not taken into account.

Factors Affecting Apparent Depth

1. Refractive Index of the Liquid

- The higher the refractive index, the greater the bending of light rays.
- As observed, the apparent depth is inversely proportional to the refractive index.

2. Actual Depth of the Object

- Deeper objects will have a larger real depth, but their apparent depth diminishes
proportionally.



3. Viewing Angle

- The derivation assumes perpendicular viewing. At oblique angles, the apparent depth
may differ due to more complex refraction effects.

4. Surface Conditions

- Surface ripples, bubbles, or irregularities can distort the perception of depth.

Applications and Significance of Apparent Depth

1. Optical Instruments

- Devices like microscopes, telescopes, and underwater cameras account for apparent
depth to provide accurate measurements.

2. Marine and Underwater Navigation

- Understanding how objects appear underwater helps in navigation, rescue operations,
and underwater construction.

3. Engineering and Design

- Designing tanks, pools, and optical sensors requires knowledge of how liquids alter the
perception of submerged objects.

4. Educational Demonstrations

- Demonstrating refraction and apparent depth helps students grasp fundamental optics
concepts.

Limitations and Considerations

- The simplified formula \( d' = d/n \) applies under ideal conditions and for perpendicular
viewing.

- For oblique angles, more complex models involving trigonometry are required.

- Surface disturbances can cause deviations from theoretical predictions.

- The refractive index can vary with temperature and wavelength, affecting accuracy.



Conclusion

The phenomenon of apparent depth is a fascinating consequence of the refraction of light
at the interface between different media. For a liquid with a refractive index of 1.3, the
apparent depth of an object at the bottom of a tank is approximately the actual depth
divided by 1.3. Recognizing this optical illusion is vital in various scientific, engineering,
and practical contexts to avoid misjudgments and to design systems that account for visual
distortions caused by refraction. Whether in underwater exploration, optical instrument
calibration, or educational demonstrations, understanding how refractive index influences
perceived depth enhances our comprehension of light behavior and improves our
interaction with the physical world.

Key Points Summary:

- Apparent depth decreases as the refractive index increases.

- The simplified formula: \( d' = \frac{d}{n} ).

- For a liquid with \( n = 1.3 ), objects appear closer by a factor of 1/1.3.

- Accurate depth perception requires accounting for refraction effects, especially in
precise applications.

SEO Keywords:

- Apparent depth

- Refractive index 1.3

- Light refraction in liquids

- Depth perception underwater

- Optical refraction principles

- How objects appear submerged
- Refraction effects in optics

- Underwater object visibility

- Calculating apparent depth

- Optical illusions in liquids

- Refraction formula for apparent depth

Frequently Asked Questions

What is the apparent depth of an object placed at the
bottom of a tank filled with a liquid of refractive index
1.3?

The apparent depth is given by the formula: apparent depth = real depth / refractive
index. So, if the real depth is d, the apparent depth isd / 1.3.

How does the refractive index of 1.3 affect the perceived



depth of an object underwater?

A refractive index of 1.3 causes objects submerged in the liquid to appear shallower than
they actually are, due to the bending of light rays at the interface between the liquid and
air.

If an object is at a real depth of 130 cm in a liquid with
refractive index 1.3, what is its apparent depth?

The apparent depthis 130 cm /1.3 = 100 cm.

Why does light bending at the liquid surface cause the
object to appear closer than it actually is?

Refraction causes light rays from the object to bend away from the normal when leaving
the denser liquid, making the object seem closer to the surface than its true position.

Can the apparent depth be used to determine the actual
depth in a tank with known refractive index?

Yes, by measuring the apparent depth and knowing the refractive index, you can calculate
the real depth using the formula: real depth = apparent depth x refractive index.

How does the value of the refractive index influence the
difference between real and apparent depths?

A higher refractive index increases the difference, making the object appear closer than it
truly is. For example, with a refractive index of 1.3, the object appears at approximately
76.9% of its real depth.

What assumptions are made when calculating the
apparent depth of an object in a liquid with refractive
index 1.37?

The calculation assumes a flat, horizontal liquid surface, normal incidence of light,
negligible effects of surface waves, and that the medium is homogeneous with a constant
refractive index.

Additional Resources

The Apparent Depth Of An Object At The Bottom Of A Tank Filled With A Liquid Of
Refractive Index 1.3

Understanding how objects appear when viewed through different media is a fundamental
concept in optics. One intriguing phenomenon is the apparent depth of objects submerged



in liquids, which often appears shallower than their actual depth. This effect is governed
by the principles of refraction—the bending of light as it passes from one medium to
another. In particular, when viewing an object at the bottom of a tank filled with a liquid of
refractive index 1.3, the object appears closer to the surface than it truly is. This article
explores the scientific principles behind this phenomenon, provides detailed calculations,
and discusses practical implications across various fields.

The Fundamentals of Refraction and Refractive Index

Refraction is the change in direction of a wave passing from one medium to another
caused by its change in speed. Light travels at different speeds in different media, and the
degree to which it bends depends on the refractive indices of those media. The refractive
index (n) of a medium is defined as:

\[

n = \frac{c}{v}
\]

where:

-\( c) is the speed of light in a vacuum (~ \( 3 \times 1078 \) m/s),
-\(v\) is the speed of light in the medium.

A higher refractive index indicates that light slows down more when passing through that
medium.

Refractive Indices of Common Media:

- Air: approximately 1.00

- Water: approximately 1.33

- Glass: approximately 1.5

- Certain liquids: around 1.3 (as in our case)

The difference in refractive indices between the media involved (air and liquid, or liquid
and object) causes the bending of light rays, which affects how we perceive the position of
objects under the liquid.

How the Apparent Depth Is Determined

When observing an object submerged in a liquid, the path of light from the object to the
eye is bent at the interface between the liquid and air. The apparent depth \( d'\) of the
object is related to its actual depth \( d \) and the refractive index of the liquid \( n\),
assuming the observer's eye is in air.

Basic Relationship:

\[
d' = \frac{d}{n}
\]



This simplified formula states that the apparent depth is the real depth divided by the
refractive index of the liquid. It assumes a flat interface and normal incidence of light
(light rays perpendicular to the surface).

Key assumptions:

- The surface of the liquid is flat and horizontal.

- The observer's eye is at the same level as the liquid surface.

- The viewing is along the normal (perpendicular to the surface).

Implication:
- The object appears closer to the surface than it actually is.
- The higher the refractive index, the more the object appears shallower.

Numerical Calculation for a Refractive Index of 1.3

Suppose there is a tank filled with a liquid having a refractive index \( n = 1.3 \). Consider
an object placed at an actual depth \( d = 30\, \text{cm} \) at the bottom of the tank.

Step-by-step calculation:

\[
d' = \frac{d}{n} = \frac{30\, \text{cm}}{1.3} \approx 23.08\, \text{cm}
\]

This means the object appears approximately 23.08 cm below the surface from the
viewer's perspective, even though it is actually 30 cm deep.

Interpretation:

- The apparent depth is around 6.92 cm shallower than the real depth.

- The difference becomes more pronounced with increased depth or higher refractive
indices.

Factors Affecting the Apparent Depth

While the simplified formula provides a good approximation, real-world situations may
involve additional factors:

1. Refraction at the Interface
- The actual bending of light is governed by Snell's Law:

\[
n 1\sin\theta 1 = n 2 \sin \theta 2
\]

where:
-\(n_1\) and \( n_2) are the refractive indices of the two media,



-\(\theta 1) and \( \theta 2 ) are the angles of incidence and refraction.
- For small angles (near-normal incidence), the simplified formula applies well.
2. Surface Curvature and Irregularities

- If the liquid surface is curved or turbulent, the apparent depth can vary locally.
- Surface roughness causes scattering, affecting perception.

3. Observer's Position

- Viewing angle influences perceived depth.
- Off-normal viewing can cause distortion.

4. Wavelength Dependency

- Refractive index varies with wavelength (dispersion), which can lead to chromatic
aberrations.

Practical Applications of Apparent Depth Principles

Understanding apparent depth has numerous practical applications:

a) Underwater and Submerged Object Inspection

- Divers and underwater photographers rely on these principles to estimate object
positions.

- Engineers designing underwater structures account for this effect in measurements.

b) Optical Instruments and Design

- Cameras, microscopes, and telescopes incorporate corrections for refraction.
- Correct depth perception is crucial in medical endoscopy and industrial inspections.

c) Educational Demonstrations

- Classroom experiments often visualize the apparent depth phenomenon using tanks and
submerged objects.

- These demonstrations reinforce principles of optics and physics.

d) Fluid Mechanics and Engineering

- Accurate depth measurement in tanks and reservoirs requires understanding refraction

effects.
- Level sensors and optical devices are calibrated considering these phenomena.

Correcting for Apparent Depth in Practical Situations



In many cases, merely knowing the refractive index isn't enough. Engineers and scientists
often use corrective formulas to determine the true depth based on the apparent depth
observed:

\[
d = n \times d'
\]

This correction is vital for:

- Accurate measurements in industrial processes.
- Precise depth estimation in scientific experiments.
- Ensuring safety in underwater navigation.

Additional correction techniques:

- Use of laser rangefinders calibrated for the liquid medium.
- Employing ultrasound or other non-optical measurement methods that are unaffected by
refraction.

Limitations and Considerations

While the simple model provides valuable insights, it is essential to recognize its
limitations:

- It assumes ideal conditions—no surface distortion, uniform refractive index, and normal
viewing angle.

- In real scenarios, multiple refractions, surface waves, and inhomogeneities can
complicate perception.

- For precise measurements, more sophisticated models involving ray tracing and
computer simulations may be necessary.

Conclusion

The phenomenon of apparent depth in liquids with a refractive index of 1.3 illustrates the
fascinating ways light interacts with different media. When viewing an object at the
bottom of a tank filled with such a liquid, the object appears closer to the surface than it
truly is. This effect can be quantitatively described by the simple relation \(d' =d /n\),
which serves as a fundamental principle in optics.

Whether in underwater exploration, scientific research, or educational demonstrations,
understanding how light refraction influences perception is crucial. Properly accounting
for apparent depth ensures accuracy in measurements and enhances our ability to
interpret the visual world through the lens of physics. As technology advances, more
precise methods continue to improve our capacity to see beyond the surface, revealing the
true depths hidden beneath the liquid's surface.
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