
If A Star Is Receding (moving Away From Us)
At A Speed Of 0.8% Of The Speed Of Light, At
What Wavelength
If A Star Is Receding (moving Away From Us) At A Speed Of 0.8% Of The Speed Of Light, At
What Wavelength is a question that delves into the fascinating realm of astrophysics and the
Doppler effect. Understanding how the movement of celestial objects influences the light they emit is
crucial to decoding the universe's expansion and the behavior of distant stars. In this comprehensive
article, we will explore the physics behind redshift, how to calculate the change in wavelength for a
star receding at a specific velocity, and the broader implications of these phenomena for astronomy
and cosmology.

---

Understanding the Basics: Light, Wavelength, and
Velocity

Before diving into the calculations and implications, it’s essential to grasp some fundamental
concepts related to light and motion.

What Is Wavelength?
- Wavelength is the distance between successive crests or troughs in a wave.
- In electromagnetic waves like light, wavelength determines the color of visible light; longer
wavelengths correspond to redder colors, shorter to bluer.
- The wavelength of light emitted by a star in its rest frame is called the rest wavelength.

The Speed of Light
- The universal constant: approximately 299,792 kilometers per second (km/s).
- Denoted by the symbol c.
- All electromagnetic radiation, including light from stars, travels at this speed in a vacuum.

Stellar Motion and Its Effect on Light
- When a star moves relative to an observer, the light it emits undergoes a shift in wavelength—a
phenomenon known as the Doppler effect.
- If the star moves away, the light is stretched, resulting in a redshift.
- If toward, the light is compressed, leading to a blueshift.

---



The Doppler Effect and Redshift in Astronomy

The Doppler effect explains how motion affects the observed wavelength of waves, including light.

Redshift and Its Significance
- Redshift refers to the increase in observed wavelength due to the source moving away.
- It’s a key tool in cosmology for measuring the expansion rate of the universe.
- Quantified by the redshift parameter z, which relates the change in wavelength to the original
wavelength.

Mathematical Expression of the Doppler Effect for Light
For objects moving at significant fractions of the speed of light, the relativistic Doppler shift formula
applies:

\[
\frac{\lambda_{obs}}{\lambda_{rest}} = \sqrt{\frac{1 + \frac{v}{c}}{1 - \frac{v}{c}}}
\]

Where:
- \(\lambda_{obs}\) = observed wavelength
- \(\lambda_{rest}\) = rest wavelength
- \(v\) = velocity of the star relative to the observer (positive if receding)
- \(c\) = speed of light

---

Calculating the Wavelength Shift for a Star Receding at
0.8% of the Speed of Light

Given:
- \(v = 0.8\%\) of \(c\),
- \(\Rightarrow v = 0.008c\).

Applying the relativistic Doppler shift formula:

\[
\frac{\lambda_{obs}}{\lambda_{rest}} = \sqrt{\frac{1 + 0.008}{1 - 0.008}} =
\sqrt{\frac{1.008}{0.992}}
\]

Calculating step-by-step:

1. Compute numerator and denominator:



\[
\frac{1.008}{0.992} \approx 1.015258
\]

2. Calculate the square root:

\[
\sqrt{1.015258} \approx 1.0076
\]

Result:

\[
\boxed{\frac{\lambda_{obs}}{\lambda_{rest}} \approx 1.0076}
\]

This means that the observed wavelength is approximately 0.76% longer than the rest wavelength.

---

Implications of the Wavelength Shift

Understanding this shift allows astronomers to determine the velocity of distant objects and to infer
the universe’s expansion.

1. Quantitative Effect on Wavelength
- For any given wavelength emitted by the star, the observed wavelength will be about 0.76% longer.
- For example, if the star emits light at a wavelength of 500 nm (green light), the observed
wavelength would be:

\[
\lambda_{obs} = 500 \text{ nm} \times 1.0076 \approx 503.8 \text{ nm}
\]

which is slightly shifted toward the red end of the visible spectrum.

2. Redshift Parameter \(z\)
- Defined as:

\[
z = \frac{\lambda_{obs} - \lambda_{rest}}{\lambda_{rest}} = \frac{\Delta
\lambda}{\lambda_{rest}}
\]

- For our calculation:



\[
z \approx 0.0076
\]

- A small redshift like this indicates a relatively modest recession speed, but it’s still significant for
understanding cosmic expansion.

3. Relation to Cosmology
- Observing such redshifts across many stars and galaxies helps astronomers map the universe’s
expansion.
- The Hubble Law states that the recessional velocity of galaxies is proportional to their distance,
expressed as:

\[
v = H_0 \times d
\]

where \(H_0\) is the Hubble constant.

---

Broader Context: The Universe’s Expansion and Cosmic
Redshift

Redshift measurements are fundamental to modern cosmology.

1. The Cosmological Redshift
- Unlike Doppler shift caused by local motion, cosmological redshift results from the expansion of
space itself.
- As the universe expands, light traveling through space is stretched, increasing its wavelength.

2. Measuring the Expansion Rate
- By studying the redshift of distant galaxies, astronomers estimate the rate of cosmic expansion.
- The recent precise measurements of the Hubble constant rely on observations of redshifted light.

3. Significance of Recession Velocities
- Recession velocities approaching or exceeding the speed of light are possible in the context of space
expansion, though objects are not moving through space faster than light; rather, space itself
expands.

---



Practical Applications and Observational Techniques

Understanding the wavelength shift due to receding stars is essential for various astronomical
methods.

1. Spectroscopy
- Instruments like spectrographs analyze the light spectrum from stars and galaxies.
- Precise measurements of the spectral lines reveal redshifts, leading to calculations of velocity.

2. Standard Candles
- Objects like Type Ia supernovae serve as standard candles to measure distances based on their
known luminosity and observed redshift.

3. Cosmic Distance Ladder
- Combining redshift data with other distance measurements helps build a comprehensive picture of
the universe’s scale and expansion.

---

Conclusion: The Significance of Redshift in Modern
Astronomy

The calculation demonstrating that a star receding at 0.8% of the speed of light results in a
wavelength increase of approximately 0.76% illustrates the profound connection between motion and
the light we observe. This tiny shift in wavelength, detectable with sophisticated instruments, unlocks
insights into the universe's structure, its ongoing expansion, and the fundamental physics governing
cosmic evolution. As technology advances, astronomers continue to refine these measurements,
deepening our understanding of the cosmos and our place within it.

---

Key Takeaways:
- A star moving away at 0.8% of the speed of light causes a measurable redshift.
- The relativistic Doppler effect accurately predicts wavelength changes at high velocities.
- Redshift observations underpin modern cosmology, informing models of the universe's expansion.
- Precise spectral analysis allows scientists to estimate stellar and galactic velocities, distances, and
the universe's age.

By mastering these concepts, both amateur and professional astronomers can better appreciate how



the universe's grand dance influences the light reaching our telescopes, revealing its vast and
dynamic nature.

Frequently Asked Questions

How do you calculate the observed wavelength of a star that
is receding at 0.8% of the speed of light?
You use the relativistic Doppler shift formula: λ_observed = λ_emitted × √[(1 + v/c) / (1 - v/c)], where
v is the star's velocity and c is the speed of light.

What is the approximate redshift for a star receding at 0.8%
of the speed of light?
The redshift z can be approximated as v/c for small velocities, so z ≈ 0.008, indicating a slight shift
towards longer wavelengths.

If the emitted wavelength of a star's light is 500 nm, what is
the observed wavelength when it recedes at 0.8% of the
speed of light?
Using the relativistic Doppler formula, the observed wavelength is approximately 504.03 nm,
indicating a slight redshift.

Why is it important to use relativistic formulas instead of
classical Doppler equations in this context?
Because the star's velocity is a significant fraction of the speed of light, relativistic effects become
important, and classical formulas would underestimate the redshift.

What does the receding speed of 0.8% of the speed of light
tell us about the universe's expansion?
It illustrates how distant objects move away from us due to cosmic expansion, causing their light to
be redshifted, which is a key observation supporting the universe's expansion.

Can the Doppler effect be used to measure the velocity of
distant stars and galaxies?
Yes, by analyzing the shift in spectral lines (redshift or blueshift), astronomers can determine the
relative velocity of stars and galaxies relative to Earth.



Additional Resources
Understanding the Doppler Effect on Starlight: An In-Depth Analysis of Wavelength Shifts for Receding
Stars

The universe is a dynamic and ever-expanding tapestry, with stars moving through space at various
velocities. Among these motions, the phenomenon of a star receding from us at a significant fraction
of the speed of light offers profound insights into astrophysics, cosmology, and the nature of light
itself. This detailed exploration aims to unravel the implications of a star moving away at 0.8% of the
speed of light, focusing on how this motion affects the observed wavelength of its emitted light.

---

Fundamentals of Light and the Doppler Effect

Before delving into the specific case of a receding star, it’s essential to understand the underlying
principles governing how motion influences the observed properties of light.

Nature of Light and Wavelengths

- Electromagnetic Radiation: Light is an electromagnetic wave characterized by its wavelength (λ),
frequency (f), and energy.
- Wavelength and Frequency Relationship: The speed of light (c) relates to wavelength and frequency
as c = λf.
- Spectral Signatures: Different elements emit or absorb light at characteristic wavelengths, forming
spectral lines crucial for astrophysical diagnostics.

The Doppler Effect in Electromagnetic Waves

- Definition: The change in observed wavelength (or frequency) of a wave due to relative motion
between the source and the observer.
- In Astronomy: When a star moves away, its light is stretched (redshifted); when it approaches, the
light is compressed (blueshifted).
- Significance: Allows astronomers to determine velocities of celestial objects relative to Earth.

---

Quantifying the Velocity: 0.8% of the Speed of Light

The star in question is receding at 0.8% of the speed of light.



Expressing the Velocity

- Speed of Light (c): Approximately 299,792,458 meters per second.
- Receding Velocity (v): 0.8% of c
- v = 0.008 × 299,792,458 m/s ≈ 2,398,339 m/s

This velocity is significant but still well below the speed of light, allowing the use of special relativistic
formulas for accurate analysis.

---

The Relativistic Doppler Shift Formula

At high velocities (a substantial fraction of c), classical Doppler formulas fall short. Instead, relativistic
effects must be considered.

Derivation of the Formula

The relativistic Doppler shift relates the observed wavelength (λ_observed) to the emitted wavelength
(λ_emitted) as:

\[
\frac{\lambda_{observed}}{\lambda_{emitted}} = \sqrt{\frac{1 + \frac{v}{c}}{1 - \frac{v}{c}}}
\]

where:

- v: recessional velocity of the source relative to the observer
- c: speed of light

This equation accounts for both the classical Doppler effect and time dilation effects predicted by
special relativity.

Application to Our Scenario

Given:

- v = 0.008c
- c = 1 (for simplicity in ratio form)

Calculate the ratio:

\[
\frac{\lambda_{observed}}{\lambda_{emitted}} = \sqrt{\frac{1 + 0.008}{1 - 0.008}} =



\sqrt{\frac{1.008}{0.992}}
\]

---

Calculating the Wavelength Shift

Now, let's perform the numerical calculation.

Step-by-step Calculation

1. Compute numerator and denominator:

\[
\frac{1.008}{0.992} \approx 1.016129
\]

2. Calculate the square root:

\[
\sqrt{1.016129} \approx 1.00803
\]

This means:

\[
\frac{\lambda_{observed}}{\lambda_{emitted}} \approx 1.00803
\]

3. Interpretation:

- The observed wavelength is approximately 0.803% longer than the emitted wavelength.

---

Implications for Observed Spectral Lines

The redshift (z) quantifies how much the wavelength has been stretched.

Redshift Calculation

\[
z = \frac{\lambda_{observed} - \lambda_{emitted}}{\lambda_{emitted}} \approx 1.00803 - 1 =



0.00803
\]

This is a redshift of approximately 0.00803, signifying a subtle but measurable shift.

Relation to Velocity

The redshift relates directly to the recessional velocity via the relativistic Doppler formula:

\[
z = \sqrt{\frac{1 + \frac{v}{c}}{1 - \frac{v}{c}}} - 1
\]

Given our v, the calculated z matches the approximation, confirming that the shift is consistent with
relativistic effects at this velocity.

---

Understanding the Magnitude of the Shift

In practical terms, a redshift of about 0.008 signifies:

- Wavelength Increase: For visible light (~500 nm), the observed wavelength shifts to approximately:

\[
\lambda_{observed} = 500\,\text{nm} \times 1.00803 \approx 504\,\text{nm}
\]

- Spectral Line Shift: The shift (~4 nm for a 500 nm line) is detectable with precise spectroscopic
instruments.

---

Broader Cosmological Context

While this individual case involves a star moving at a modest fraction of c, similar principles underpin
much of modern cosmology.

Cosmic Redshift and Universe Expansion

- Larger velocities (approaching a significant fraction of c) produce more substantial redshifts.
- The observed redshift of distant galaxies informs models of the universe’s expansion.
- For example, galaxies receding at velocities close to c show shifts to infrared or radio wavelengths.



Limitations of Classical Doppler in Cosmology

- At cosmological scales, redshift also includes effects from the expansion of space itself, complicating
the straightforward application of relativistic Doppler formulas.
- Nevertheless, the fundamental physics remains rooted in similar principles.

---

Additional Factors Affecting Observations

While velocity and relativistic effects are primary, other factors influence how we perceive receding
stars.

Interstellar and Intergalactic Medium

- Dust and gas can absorb or scatter light, affecting perceived brightness and spectrum.
- These effects are independent of Doppler shifts but can complicate spectral analysis.

Gravitational Redshift

- Light escaping strong gravitational fields experiences additional redshift.
- For stars with intense gravitational fields (e.g., near black holes), this effect can be significant.

Instrumental Limitations

- The ability to detect such small shifts (around 0.8%) relies on high-resolution spectroscopy.
- Calibration, environmental factors, and detector sensitivity are critical.

---

Conclusion: The Significance of the Wavelength Shift

To synthesize:

- A star receding at 0.8% of the speed of light produces a relativistic redshift of approximately 0.8%.
- This results in a measurable increase (~0.8%) in the wavelength of emitted light.
- For typical visible wavelengths (~500 nm), this corresponds to a shift of roughly 4 nm toward the
red end of the spectrum.
- Such shifts are detectable with advanced spectroscopic instruments and are fundamental to
understanding cosmic motions.



Final thoughts:

Understanding how high velocities influence light’s wavelength not only helps in measuring stellar
motions but also serves as a cornerstone in cosmological research. The relativistic Doppler effect,
subtle at modest velocities, becomes profoundly significant at cosmic scales, shaping our perception
of the universe’s expansion and the dynamic nature of space itself.

---

In essence, the receding star's light is stretched to a longer wavelength by about 0.8%, a direct
consequence of the relativistic Doppler effect. This tiny yet measurable shift allows astronomers to
decode the star's motion and, by extension, glean insights into the universe's grand expansion.
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