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Understanding the vastness of the universe has been a fundamental pursuit in astronomy. The
groundbreaking work of Edwin Hubble in the early 20th century revolutionized our perception of the
cosmos, shifting it from a relatively contained universe to an expansive, almost boundless entity. To
establish that the universe was very, very large, Edwin Hubble relied on a combination of innovative
observational techniques, the use of specific celestial objects, and meticulous data analysis. This

article explores the methods and tools Hubble employed to demonstrate the enormous scale of the
universe, highlighting his contributions to astronomy and our understanding of the cosmos.

Historical Context: The State of Astronomy Before
Hubble

Before delving into Hubble’'s methods, it's essential to understand the astronomical landscape prior to
his discoveries.

Pre-Hubble Views of the Universe

e Many astronomers believed the universe was small and static, centered around the Milky Way.
e The concept of "spiral nebulae" as separate galaxies was not widely accepted.

e Distances to celestial objects were highly uncertain, making the universe's true size ambiguous.

Challenges Faced by Early Astronomers

¢ Limited telescope technology restricted observational capabilities.
« Difficulty in measuring celestial distances accurately.

e The prevailing belief in a static universe hindered the recognition of its true extent.



Edwin Hubble’s Breakthrough: The Use of Cepheid
Variable Stars

Hubble’s key contribution was his ability to measure the distances to far-off objects, which was crucial
in demonstrating the universe’s vastness.

What Are Cepheid Variable Stars?

Cepheid variables are a type of pulsating star whose brightness varies periodically. Their importance
lies in the well-established relationship between their luminosity and pulsation period, known as the
Period-Luminosity relation.

Why Cepheid Variables Were Critical

e They serve as "standard candles" for distance measurement.
e Their intrinsic brightness can be determined from their pulsation period.

e By comparing intrinsic and apparent brightness, astronomers can calculate the distance to their
host galaxy.

Hubble’'s Methodology

1. Hubble observed Cepheid variables in various nebulae (later identified as galaxies).
2. He measured their pulsation periods and apparent brightnesses.
3. Using the Period-Luminosity relation, he calculated their distances.

4. He compared these distances with their observed redshifts to analyze the universe's expansion.

Measuring Galactic Distances and Redshifts

Hubble's approach combined distance measurements with observations of redshift to infer the
universe’s size.



Redshift and Its Significance

Redshift refers to the phenomenon where light from an object moving away from the observer is
shifted toward longer wavelengths. Hubble observed that distant galaxies exhibited greater redshifts,
indicating they were receding from us.

Hubble’'s Law: The Relationship Between Distance and
Recession Velocity

Hubble discovered a linear relationship between the distance to a galaxy and its recessional velocity,
summarized as:

v=Hoxd

where v is the galaxy's velocity, d is its distance, and Ho is the Hubble constant.

Implications of Hubble’'s Law

e Provided concrete evidence of the universe's expansion.

» Allowed astronomers to estimate the scale of the universe by measuring redshifts and
distances.

e Confirmed that the universe was much larger than previously thought, extending far beyond the
Milky Way.

Key Instruments and Observational Techniques

Hubble's success was facilitated by the technological advancements of his era.

The Hooker Telescope at Mount Wilson Observatory

¢ One of the largest telescopes of its time, with a 100-inch (2.5-meter) mirror.
* Enabled detailed observations of faint Cepheid variables in distant nebulae.

e Provided high-resolution data needed for precise measurements.



Photographic Plates and Spectroscopy

e Used photographic plates to capture images of galaxies and nebulae.
e Applied spectral analysis to determine redshifts and classify galaxies.

* Allowed for detailed comparison of celestial objects over time.

The Impact of Hubble’s Findings on Cosmology

Hubble’s methods and discoveries fundamentally altered our understanding of the universe’s size and
structure.

Establishing the Universe’s Scale

e Confirmed that galaxies are separate "island universes" far beyond the Milky Way.
e Quantified the size of the universe, revealing it to be billions of light-years across.

 Led to the concept of an expanding universe, shaping modern cosmology.

Influence on Future Research

e Inspired subsequent generations of astronomers to develop more advanced telescopes and
measurement techniques.

¢ Led to the discovery of cosmic microwave background radiation and dark energy.

e Provided the foundation for the Big Bang theory.

Conclusion: The Legacy of Edwin Hubble’s Techniques

In summary, Edwin Hubble used the observation of Cepheid variable stars as standard candles,
combined with spectroscopic measurements of redshift, and leveraged advanced telescopic
technology to demonstrate that the universe was very, very large. His meticulous methodology and
innovative use of celestial phenomena established the universe’s vast scale and expansion, laying the
groundwork for modern cosmology. Today, Hubble’s techniques continue to influence astronomical



research, enabling scientists to explore the universe’s size, structure, and origins with ever-increasing
precision.
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Frequently Asked Questions

What method did Edwin Hubble use to demonstrate that the
universe was very large?

He used observations of distant galaxies and their redshifts to show that the universe is expanding
and therefore very large.

How did redshift measurements help Edwin Hubble establish
the size of the universe?

Redshift measurements indicated that galaxies are moving away from us at speeds proportional to
their distances, implying an immense and expanding universe.

What role did Hubble's Law play in understanding the
universe's size?

Hubble's Law established a relationship between the distance of galaxies and their recessional



velocity, supporting the idea of a vast, expanding universe.

Why was the observation of Cepheid variable stars important
for Hubble's conclusions about the universe?

Measuring Cepheid variables' brightness allowed Hubble to determine the distances to faraway
galaxies, confirming the universe's enormous scale.

In what way did Edwin Hubble's findings change the previous
understanding of the universe?

His findings demonstrated that the universe was much larger than previously thought, leading to the
realization that it was expanding and infinite in extent.

What instrument did Edwin Hubble primarily use to gather
data on distant galaxies?

He utilized the most powerful telescopes of his time, including the Hooker Telescope at Mount Wilson
Observatory.

How did Hubble's use of redshift data support the Big Bang
theory?

The redshift data showed that the universe is expanding, which is a fundamental aspect of the Big
Bang theory explaining the universe's origin and vastness.

Additional Resources

To Establish That The Universe Was Very, Very Large, Edwin Hubble Used the groundbreaking
technique of observing and analyzing the light emitted from distant galaxies. This pivotal approach
not only expanded our understanding of the cosmos but also laid the foundation for modern
cosmology. Hubble’s meticulous observations and innovative use of the then-newly developed
telescopic technology transformed our view of the universe from a relatively modestly sized entity to
an immense, possibly infinite expanse. In this comprehensive review, we will explore how Edwin
Hubble established the vastness of the universe, focusing on the methods he employed, the key
discoveries he made, and the lasting impact of his work on astronomy.

Background: The State of Astronomy Before Hubble

Before Edwin Hubble’s contributions, the universe was largely misunderstood. Astronomers debated
whether the "spiral nebulae" were part of the Milky Way or separate "island universes." The prevailing
view was that the Milky Way encompassed all the stars and nebulae, and the universe was thought to



be relatively small. The key challenge was determining the distances to these nebulae, which was
critical for understanding their true nature and the overall scale of the universe.

Hubble’s Approach: Using Cepheid Variable Stars as
Cosmic Yardsticks

Identifying Cepheid Variables

One of Hubble’'s most significant contributions was his use of Cepheid variable stars to measure
cosmic distances. Cepheid variables are stars whose brightness varies periodically, and their intrinsic
luminosity is directly related to the period of their brightness fluctuations. This relationship, known as
the period-luminosity relation, was discovered by Henrietta Swan Leavitt.

Hubble’s key steps included:

- Carefully observing Cepheid variables in nearby galaxies.

- Measuring their periods of variability.

- Applying the period-luminosity relation to determine their absolute brightness.

- Comparing the intrinsic brightness with the apparent brightness to calculate the distance.

Pros of Using Cepheids:

- Reliable distance indicators for relatively nearby galaxies.

- Well-established relationship between period and luminosity.
- High accuracy when observations are precise.

Cons of Using Cepheids:

- Limited to galaxies where Cepheids can be resolved.

- Difficulties in measuring precise periods for faint stars.

- Calibration depends on accurate distances within our galaxy.

Hubble’'s Landmark Discovery: The Distance to Andromeda

In 1924, Hubble identified Cepheid variables in the Andromeda Galaxy (M31), conclusively
demonstrating that it was not a part of the Milky Way but a separate galaxy entirely. This was a
pivotal moment because it proved that the universe contained multiple, distinct galaxies. The
distance he calculated was roughly 900,000 light-years, far beyond the size of the Milky Way itself.

Revealing the Expansion of the Universe



Hubble’'s Law: The Relationship Between Distance and
Recession Velocity

While establishing the universe’s size was a monumental step, Hubble's further work revealed that
galaxies are moving away from each other, suggesting an expanding universe. He combined distance
measurements with observations of galaxy velocities obtained through spectral redshifts.

- Redshifts: The shift of spectral lines toward the red end of the spectrum indicates that an object is
moving away.

- Spectroscopic observations: Hubble used the latest spectrographs to measure the redshifts of
distant galaxies.

- Recession velocities: Calculated from the redshift data.

Hubble plotted the velocities against the distances derived from Cepheids, revealing a linear
relationship: the farther a galaxy, the faster it recedes. This empirical relation became known as
Hubble’s Law.

Features of Hubble’'s Law:

- Demonstrates a uniformly expanding universe.

- Provides a method to estimate distances based on redshift.
- Supports cosmological models of a dynamic universe.

Pros:
- Empirically robust with extensive data.
- Fundamental to modern cosmology and Big Bang theory.

Cons:
- Initial measurements had significant uncertainties.
- The exact value of the Hubble constant (rate of expansion) remains debated.

Implications of the Expansion

Hubble’'s Law implied that the universe was much larger than previously thought, with galaxies
spread across vast distances. It suggested that the universe was not static but dynamic, expanding
outward from an initial state—later conceptualized as the Big Bang.

Technical Challenges and Overcoming Them

Hubble's work faced numerous technical hurdles:

- Limited telescope technology: Early 20th-century telescopes had limited light-gathering power.

- Calibration difficulties: Establishing the true luminosity of Cepheids depended on accurate distance
measures within the Milky Way.

- Data collection: Observations were time-consuming and required careful photographic and
spectroscopic analysis.



Despite these challenges, Hubble’s methodical approach, combined with the pioneering work of
astronomers like Henrietta Swan Leavitt and others, allowed him to produce compelling evidence for
an enormous, expanding universe.

Impact and Legacy of Hubble’'s Work

Transforming Our Understanding of the Universe

Hubble's discoveries fundamentally shifted our perspective:

- Confirmed that the universe contains countless galaxies beyond the Milky Way.
- Demonstrated that the universe is not static but expanding.

- Laid the groundwork for modern cosmology, including the Big Bang theory.

Criticisms and Limitations

- Early measurements of the Hubble constant varied widely, leading to debates about the universe’s
age.

- The reliance on Cepheids limits the reach to relatively nearby galaxies; for more distant objects,
other distance indicators like Type la supernovae are now used.

- Assumptions about the uniformity of Cepheid properties across galaxies.

Modern Developments

- Improved telescope technology (e.g., Hubble Space Telescope) has refined distance estimates.

- Cosmological parameters, including the Hubble constant, are now measured with unprecedented
precision.

- Alternative methods extend our understanding of the universe’s size and expansion.

Conclusion

Edwin Hubble's innovative use of Cepheid variable stars and redshift measurements fundamentally
changed the way we view the universe. By establishing that galaxies are vastly distant and that the
universe is expanding, he provided irrefutable evidence that the cosmos is very, very large. His work
set the stage for the development of modern cosmology, shaping our understanding of the universe’s
origin, structure, and evolution. While subsequent advancements have refined his initial
measurements, the core principle that the universe is enormous and dynamic remains a cornerstone
of astrophysics, owing much to Hubble’s pioneering efforts.

In essence, Hubble’s methods—grounded in careful observation, rigorous analysis, and innovative use



of stellar and spectral data—demonstrated that the universe’s scale extends far beyond what was
previously imagined, marking a pivotal milestone in humanity’s quest to comprehend the cosmos.
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