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Light of initial intensity I, that is polarized horizontally encounters a series of polarizing
filters arranged sequentially. The first polarizer is oriented horizontally, aligning with the
initial polarization direction of the light. After passing through this polarizer, the light's
intensity and polarization state are altered. Subsequently, the light encounters a second
polarizer, which may be oriented at an arbitrary angle, followed by a third polarizer, which
is again oriented horizontally. The journey of the light through these filters illustrates
fundamental principles of polarization and Malus's Law, revealing how the intensity of
light varies with the orientation of polarizers and how polarization states evolve through
successive filtering. This article explores the detailed physics behind this process,
calculations involved, and practical implications.

Understanding Polarization and Malus’s Law

Basics of Polarization

Polarization describes the orientation of the electric field vector of an electromagnetic
wave. For light, polarization can be linear (horizontal, vertical, or at any angle), circular,
or elliptical. When light is initially horizontally polarized, its electric field oscillates in the
horizontal plane. Polarizers are optical devices that transmit light with a specific
polarization orientation and absorb or block the rest.

Malus’s Law

Malus’s Law states that the intensity I of polarized light after passing through a polarizer
oriented at an angle 0 to the initial polarization is given by:

o I = I, COS%0

where I, is the intensity of the incident polarized light. This law is fundamental in
calculating how much light passes through successive polarizers at various angles.



Scenario Setup and Assumptions

For this analysis, consider the following setup:
e Initial light intensity: I,
e Initial polarization: horizontal
e The first polarizer is oriented horizontally (0°)
e The second polarizer is oriented at an angle 0, relative to the horizontal

e The third polarizer is oriented horizontally (0°)

We aim to find the transmitted intensity after the light passes through all three polarizers
and to analyze how the orientation of the second polarizer affects the outcome.

Step-by-Step Analysis of Light Passing Through
the Polarizers

Passing Through the First Polarizer

Since the initial light is already horizontally polarized and the first polarizer is also
horizontally oriented, the transmission is straightforward:

eI =1

because the light's polarization matches the polarizer's orientation, and no intensity loss
occurs aside from any inherent absorption which we assume negligible in ideal cases.

Passing Through the Second Polarizer

The second polarizer is at an angle 6, relative to horizontal. Applying Malus’s Law:

e I, =1, cos?0, = I, cos?0,

This step reduces the intensity depending on the angle 0,. The transmitted light now has a
polarization aligned with the second polarizer, i.e., at 0,.



Passing Through the Third Polarizer

The third polarizer is oriented horizontally (0°). The light arriving at this polarizer is
polarized at angle 6,. Using Malus’s Law again:

e I, =1, cos?0, = I, cos?0, x cos?0, = I, cos*0,

Thus, the final transmitted intensity after all three polarizers is:

Ifina = Lo cOS*0,

Impact of the Second Polarizer’s Orientation

Case 1: Second Polarizer at 0° (Horizontal)
If 6, = 0°, then:

el u=Ilcos*0° =1, x1 =1

In this ideal case, the intensity remains unchanged, as the light is passing through three
identical horizontal polarizers.

Case 2: Second Polarizer at 90° (Vertical)
If 6, = 90°, then:

® Ifinal = IO COS490° = IO X O = O

The light is completely blocked because the polarizers are orthogonal, and no component
of the initial polarization can pass through the second polarizer at 90°.

Case 3: Second Polarizer at an Intermediate Angle (e.g.,
45°)

At 0, = 45°, the final intensity is:

* L = lo cos*45° =T (1V2)* =10 (1/2)> = 1o X 1/4

This yields a quarter of the original intensity, demonstrating how the orientation of the
second polarizer significantly influences the transmitted light.



Visualizing the Polarization Changes

Each polarizer acts as a filter, modifying the electric field vector of the passing light. The
initial horizontal polarization is preserved after the first polarizer. If the second polarizer
is aligned at an angle, the electric field component along its axis is transmitted, reducing
the overall intensity according to Malus’s Law. The third polarizer, aligned horizontally,
then filters the light again, further reducing the intensity based on the polarization state
after the second filter.

Practical Applications and Significance

Optical Devices and Technologies

e Polarization filters are essential in cameras, sunglasses, and LCD screens to control
glare and improve image quality.

¢ In scientific experiments, polarization filters help analyze material properties, stress
patterns, and light scattering.

e Polarization-based communication systems use these principles for secure and
efficient data transmission.

Understanding Polarization in Nature and Industry

e Natural phenomena, such as the polarization of skylight, can be explained through
these principles.

e Manufacturing of polarized sunglasses and filters relies on precise control of
polarization orientations.

e Laser systems and optical sensors use polarization to enhance performance and
measurement accuracy.

Conclusion

The behavior of polarized light passing through multiple polarizers reveals fundamental
insights into wave optics and the nature of electromagnetic waves. When horizontally
polarized light of intensity I, passes through a sequence of three polarizers—first
horizontal, then at an arbitrary angle 6,, and finally horizontal again—the transmitted
intensity depends critically on the orientation of the second polarizer. The mathematical
framework provided by Malus’s Law enables precise calculation of the remaining light



intensity, illustrating how polarization filters can be used to manipulate and analyze light
in various technological and scientific contexts. Understanding these principles enhances
our grasp of optical phenomena and informs the design of devices that rely on polarization
control.

Frequently Asked Questions

What happens to the intensity of light after passing
through three polarizers with the first and third
polarizers oriented horizontally?

The intensity of light is reduced based on Malus's Law at each polarizer, with the initial
intensity 10 decreasing after the first polarizer, then further after the second, and finally
after the third, depending on the angles between their axes.

Why does the light's intensity decrease after passing
through multiple polarizers?

Because each polarizer only allows the component of light polarized along its axis to pass
through, resulting in a decrease in intensity proportional to the square of the cosine of the
angle between the polarizer axes.

If the first and third polarizers are both horizontal, what
should be the orientation of the second polarizer to
maximize transmitted light?

The second polarizer should also be oriented horizontally to maximize the transmitted
light, as aligning all polarizers in the same direction allows maximum passage of polarized
light.

How can we calculate the final intensity after passing
through the three polarizers?

The final intensity I can be calculated using Malus's Law: I = I0 X cos?(01) X cos?(62 - 61)
X cos?(83 - 02), where 61, 62, and 63 are the angles of the polarizers relative to the initial
polarization.

What is the significance of the first and third polarizers
being oriented horizontally in this setup?

Having the first and third polarizers both horizontal ensures that the initial and final
polarization directions are aligned, which influences the amount of light transmitted and
the overall intensity after passing through all polarizers.



Can light pass through three polarizers if the middle
one is oriented at 45° between the first and third
polarizers?

Yes, light can pass through all three polarizers if the middle polarizer is at an angle that
allows some component of the polarized light to transmit, but the overall intensity will be
reduced based on the angles involved.

What are practical applications of polarized light
passing through multiple polarizers?

This principle is used in liquid crystal displays (LCDs), sunglasses, photography filters, and
optical devices to control light intensity, reduce glare, and improve image quality.

How does the concept of polarization help in
understanding light intensity changes in this scenario?

Polarization allows us to analyze how the orientation of electric field vectors affects the
amount of light transmitted, enabling precise calculation of intensity reductions at each
polarizer based on their relative angles.

What is the minimum number of polarizers needed to
completely block unpolarized light if the first polarizer
is horizontal?

At least two polarizers are needed: the first to polarize the light horizontally, and the
second oriented perpendicular (vertical) to block all transmitted light; adding a third
polarizer at an angle can allow some light to pass depending on its orientation.

Additional Resources

Light Of Intensity 10 And Polarized Horizontally Passes Through Three Polarizes. The First
And Third

Understanding polarization and the behavior of light as it interacts with polarizing filters
is fundamental in optics, with applications ranging from photography to scientific
instrumentation. When a beam of light with a certain initial intensity, 10, and a horizontal
polarization state encounters a series of polarizers—specifically, three polarizing filters
with particular orientations—the resulting transmitted intensity reveals key principles of
polarization physics, such as Malus's Law, polarization rotation, and the effect of multiple
polarizers on light intensity. This article explores this scenario in detail, analyzing the
physics involved, the expected outcomes, and the broader implications of such an optical
setup.

The Fundamentals of Light Polarization



What Is Polarization?

Polarization describes the orientation of the electric field vector in an electromagnetic
wave, such as light. Natural light emitted from sources like the sun or incandescent bulbs
typically contains waves vibrating in multiple planes, hence is unpolarized. When light is
polarized, its electric field oscillates in a specific, defined plane—a property that can be
exploited for various optical purposes.

Types of Polarization

- Linear Polarization: Electric field oscillates along a single plane.

- Circular and Elliptical Polarization: Electric field rotates in a circle or ellipse over time,
involving two perpendicular components with phase differences.

Polarizers and Their Role

Polarizers are optical filters that allow only light vibrating in a particular direction to pass

through. The most common type is the linear polarizer, which transmits light polarized in
a specific orientation and absorbs or blocks the rest.

Initial Light Conditions and Setup

Starting Intensity and Polarization

Suppose we have a beam of light with an initial intensity \( I 0\), which is horizontally
polarized. The horizontal polarization means the electric field oscillates along the

horizontal axis. The initial state is therefore:

- Intensity: \(1 0)
- Polarization: Horizontal

Sequence of Polarizers

The light passes through three polarizers arranged in sequence:

1. First Polarizer: Oriented horizontally (0°)

2. Second Polarizer: Oriented at an angle \( \theta \) (unknown for now)

3. Third Polarizer: Oriented horizontally (0°)

The setup aims to analyze how the initial light, after passing through the first polarizer,
interacts with the second and third polarizers, and how the intensity evolves at each stage.

Interaction of Light with Polarizers
Passing Through the First Polarizer

Since the initial light is already horizontally polarized, passing through the first polarizer



aligned at 0° (horizontal) results in:

- No change in the polarization state.
- Transmitted intensity becomes:

\[
I 1=10\tmesT]1
\]

where \( T 1)) is the transmittance of the polarizer. For an ideal polarizer, \(T 1 =1),
meaning all horizontally polarized light passes through without loss. For real polarizers, \(
T 1) is slightly less than 1, typically around 0.95-0.99.

Assuming an ideal polarizer for simplicity:

\[
11=10
\]

The light remains horizontally polarized with the same intensity.

Passing Through the Second Polarizer
Orientation at an Angle \( \theta \)

The second polarizer is oriented at an angle \( \theta \) relative to the horizontal. When
horizontally polarized light encounters a polarizer at angle \( \theta \), the transmitted
intensity follows Malus's Law:

\[
I 2 =11 \times \cos™2 \theta
\]

- If \( \theta = 0™\circ \), the polarizer aligns with the initial polarization, transmitting all
the light.
- If \( \theta = 90"\circ \), the polarizer is orthogonal, blocking all the light.

Key features:

- The transmitted intensity depends on the cosine squared of the angle.
- The polarization of the transmitted light after the second polarizer is aligned at \( \theta
\).

Effect of the Second Polarizer

- Pros:

- Allows control over the transmitted intensity by simply adjusting \( \theta \).
- Can analyze the polarization state of the light after the second polarizer.

- Cons:



- Loss of intensity depending on the angle; some light is always absorbed or reflected.
- Not suitable if maximum transmission is desired at arbitrary orientations.

Assuming the second polarizer's transmittance is ideal:
\[

I 2 =1 0\times \cos™2 \theta

\]

and the polarization after the second polarizer is at \( \theta \).

Passing Through the Third Polarizer (Horizontal)
Re-Alignment with the Initial Orientation
The third polarizer is again oriented horizontally (0°). The light arriving at this polarizer is

polarized at \( \theta \), so the transmitted intensity after the third polarizer is again
governed by Malus's Law:

\[

I 3 =1 2\times \cos™2 \theta {final}
\]

where:

-\(\theta {final} = |\theta - 0™\circ| = |\theta| \)
Thus,

\[

I 3 =1 0\times \cos”™2 \theta \times \cos™2 \theta =1 0 \times \cos”™4 \theta
\]

Key outcomes:

- The final transmitted intensity depends on the fourth power of \( \cos \theta \).
- If \( \theta = 0™\circ \), the entire initial intensity \( I 0 \) reaches the detector.
- If \( \theta = 90" \circ \), the transmitted intensity drops to zero.

Summary of the Intensity Transmission
The combined effect yields:

\[

I {final} =1 O \times \cos™4 \theta

\]

This relationship is a manifestation of Malus's Law extended across multiple polarizers.



Analysis and Implications
Visualizing the Intensity Variations

- For small angles \( \theta \), the transmitted intensity remains high, close to \( 1 0 ).

- As \(\theta \) approaches 90°, the transmitted intensity diminishes rapidly, tending to
Zero.

- The quartic dependence implies that small misalignments can significantly reduce the
transmitted intensity.

Practical Applications

- Optical Filtering: Controlling light intensity and polarization states.

- Stress Analysis in Materials: Using polarized light to detect internal stresses.

- Photographic Polarization Filters: Reducing glare and reflections.

- Quantum Optics and Communications: Manipulating photon polarization states.

Limitations and Challenges

- Imperfections in Polarizers: Real polarizers are not perfect; they have finite extinction
ratios.

- Alignment Sensitivity: Small deviations in angle \( \theta \) greatly influence transmitted
intensity.

- Loss of Light: Multiple polarizers lead to cumulative intensity loss, which can be
problematic in low-light applications.

Advanced Considerations

Non-ideal Polarizers

In practical scenarios, polarizers have a finite extinction ratio \( ER \), which affects the
purity of polarization and the transmitted intensity. The actual transmitted intensity
equations become more complex, requiring correction factors.

Multiple Polarizer Arrangements

Adding more polarizers at various angles can produce complex polarization states,
including elliptical and circular polarization, useful in advanced optical systems.

Polarization Rotation and Waveplates
Instead of simple polarizers, waveplates can rotate the polarization state continuously,

enabling precise control over the light's polarization for applications like laser physics and
quantum computing.



Conclusion

The scenario where light of initial intensity \( I 0 \), horizontally polarized, passes through
three polarizers—first and third aligned horizontally and the middle at an arbitrary angle
\(\theta \)— beautifully illustrates fundamental principles of polarization optics. The
transmitted intensity after all three polarizers follows the \( \cos”™4 \theta \) dependence,
emphasizing the profound impact of polarization orientation on light transmission.

This setup underscores key features:

- The importance of polarization alignment.
- The power of Malus's Law in predicting transmitted intensity.
- How multiple polarizers can be used to manipulate light in sophisticated ways.

While idealized models provide clear insights, real-world applications must account for
imperfections and losses. Understanding these principles enables the design of optical
systems with precise control over light behavior, crucial across scientific, industrial, and
consumer technologies.

Pros:

- Precise control over light intensity and polarization.
- Simple to analyze mathematically and experimentally.
- Widely applicable in various optical devices.

Cons:

- Intrinsic loss of light intensity with each polarizer.
- Sensitivity to alignment errors.
- Limitations posed by non-ideal polarizers.

In summary, the passage of polarized light through multiple polarizers exemplifies
fundamental optical phenomena, with both theoretical elegance and practical relevance,
making it a cornerstone concept in the study and application of polarization optics.
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