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2) A Measurement Of An Electron's Speed Is 2.0 x 1076 M/s And Has An
Uncertainty Of 10%. What Is The Minimum is a question that delves into the
fundamental principles of quantum mechanics and measurement uncertainty.
Understanding how to interpret such measurements is crucial for students and
professionals working in physics, especially when dealing with subatomic
particles like electrons. This article explores the core concepts behind
measurement uncertainty, how it applies to electron speed, and how to
determine the minimum possible speed of an electron given the provided data.

Understanding Measurement Uncertainty in
Physics

What Is Measurement Uncertainty?

Measurement uncertainty refers to the doubt that exists about the result of
any measurement. It indicates the range within which the true value is
expected to lie. In experimental physics, uncertainties can be classified
into two main types:

e Systematic Uncertainty: Errors that consistently skew measurements in a
particular direction, often due to calibration issues or experimental
setup biases.

e Random Uncertainty: Fluctuations caused by unpredictable variations in
measurement conditions, often reduced by repeated measurements.

For the purpose of this discussion, the focus is primarily on the uncertainty
associated with the measured speed of electrons, which is often expressed as
a percentage of the measured value.

Significance of Uncertainty in Quantum Mechanics

In quantum mechanics, the principle of uncertainty is fundamental. The
Heisenberg Uncertainty Principle states that certain pairs of physical
properties, like position and momentum, cannot both be precisely measured
simultaneously. This inherent uncertainty places limits on how accurately we



can determine the properties of particles like electrons.

Analyzing the Electron's Speed Measurement

Given Data

Let's first restate the problem and the given data:
e Measured electron speed, v = 2.0 x 1076 meters per second (m/s)

e Uncertainty in measurement, Av = 10% of v

Calculating the uncertainty:

Av = 0.10 x 2.0 x 1076 m/s = 2.0 x 10”5 m/s

Understanding the Implication of 10% Uncertainty

This means the true speed of the electron could be as low as:

Vpin = V - Av = 2.0 x 1076 m/s - 2.0 x 10”5 m/s

1.8 x 1076 m/s

or as high as:

Viex = V + Av = 2.0 x 1076 m/s + 2.0 x 10”5 m/s 2.2 x 1076 m/s

However, in quantum mechanics, the concept of a minimum speed isn't just
about subtracting uncertainty; it involves understanding the limits imposed

by the uncertainty principle.

The Heisenberg Uncertainty Principle and
Electron Motion

Formulating the Uncertainty Principle

The Heisenberg Uncertainty Principle can be mathematically expressed as:

Ax - Ap = h / 2

where:

e Ax = uncertainty in position



e Ap = uncertainty in momentum

e h = reduced Planck’s constant (~1.055 x 1073 Js)

Since momentum p is related to velocity by p = mv, the uncertainty in
momentum 1is:

Ap =m - Av + v - Am

Assuming the mass of the electron remains constant and focusing on the
velocity part:

Ap = m - Av

Calculating the Minimum Electron Speed

To find the minimum possible speed, we need to consider the smallest possible
v that still obeys the uncertainty principle. Rearranged, the principle
suggests:

Ax = h / (2 - Ap)
Given the uncertainty in momentum and mass of the electron:
Ap =m - Av

And knowing:

m=9.11 x 10" kg

we can relate the uncertainty in velocity to the uncertainty in position.

Suppose the measurement process constrains the electron within a certain
localization, leading to a minimum positional uncertainty Ax. To find the
minimal velocity consistent with the uncertainty, it is often assumed that:

AX = A

where A is the de Broglie wavelength of the electron, given by:

A=h/p
and
p=m v

Calculating the de Broglie wavelength:

A=h/ (m - v)

Using the measured speed:



A= (6.626 x 10 Js) / (9.11 x 107" kg - 2.0 x 10° m/s) = 3.63 x 10" meters

This wavelength indicates the scale at which quantum effects become
significant. The minimum speed corresponding to the maximum localization
(minimum Ax) would be constrained by the uncertainty principle, leading to a
minimum v that prevents the electron from being localized beyond a certain
point.

Estimating the Minimum Speed:
Given the uncertainties, the minimum speed can be approximated by considering
the inverse relation:

Voio = O/ (2 - m - Ax)

If the electron is localized within approximately Ax = A, then:

Voo = B/ (2 = m + A)

Plugging in the values:

Vo, = (1.055 x 10 Js) / (2 - 9.11 x 10> kg - 3.63 x 10 m) = 1.6 x 10° m/s

This is significantly less than the measured speed, indicating that the
electron's minimum possible speed, respecting quantum constraints, is
approximately 1.6 x 105 m/s.

Implications for Experimental Physics and
Measurement Techniques

Measurement Challenges at the Quantum Scale

Measuring the speed of electrons with high precision is inherently limited by
qguantum uncertainties. The more precisely one measures the electron’s
position, the less precisely its momentum (and therefore speed) can be known,
and vice versa. This is a fundamental limitation rather than an experimental
error.

Practical Applications and Technological Relevance

Understanding the minimum and maximum bounds of an electron’s speed is vital
in:

e Designing electron microscopes and other quantum instruments

e Developing quantum computers and nanotechnology devices



e Advancing fundamental physics research into the nature of matter and
energy

Accurately interpreting uncertainties helps scientists refine experimental
setups and theoretical models.

Summary and Final Thoughts

To wrap up, when measuring the speed of an electron as 2.0 x 1076 m/s with a
10% uncertainty, the minimum possible speed consistent with quantum
principles is approximately 1.6 x 105 m/s. This calculation highlights the
importance of understanding uncertainty principles in quantum mechanics and
their practical implications in experimental physics.

By considering both measurement uncertainties and quantum constraints,
scientists can better interpret their data, design more accurate experiments,
and deepen their understanding of the fundamental behavior of particles at
the quantum level. Whether in academic settings or cutting-edge research,
appreciating these limits is essential for advancing our knowledge of the
microscopic universe.

Frequently Asked Questions

What is the measured speed of the electron in the
given problem?

The measured speed of the electron is 2.0 x 1076 meters per second.

What is the percentage uncertainty associated with
the electron's speed measurement?

The uncertainty in the measurement is 10%.

How do you calculate the minimum possible speed of
the electron considering the uncertainty?

The minimum speed is calculated by subtracting the uncertainty from the
measured value: 2.0 x 1076 m/s minus 10% of that value, which is 0.2 x 1076
m/s, resulting in 1.8 x 1076 m/s.

What is the significance of calculating the minimum
speed in this context?

Calculating the minimum speed helps account for measurement uncertainties and



provides a lower bound for the electron's actual speed.

Can the uncertainty affect the interpretation of the
electron's behavior at the quantum level?

Yes, uncertainties in measurement reflect the inherent quantum uncertainty
and influence how precisely the electron's properties can be known or
predicted.

What is the minimum possible speed of the electron
based on the given data?

The minimum possible speed of the electron is approximately 1.8 x 10”6 meters
per second.

Additional Resources

A Measurement Of An Electron's Speed Is 2.0 x 1076 M/s And Has An Uncertainty
0f 10%. What Is The Minimum?

Understanding the limits of measurement precision is fundamental in physics,
especially when dealing with subatomic particles like electrons. In this
guide, we will explore how to interpret such a measurement, determine the
minimum possible speed considering the uncertainty, and understand the
underlying principles that govern these calculations. This comprehensive
analysis aims to clarify the concepts involved and provide step-by-step
instructions for tackling similar problems.

Understanding the Measurement of Electron Speed
and Uncertainty

When physicists measure the speed of an electron, they often report a value
accompanied by an uncertainty. The measurement in question states:

- Measured speed (v): 2.0 x 1076 meters per second (m/s)
- Uncertainty: 10% of the measured value

This indicates that the actual speed could be higher or lower than the
measured value by up to 10%. Recognizing the significance of uncertainty is
crucial because it reflects the confidence level in the measurement and the
limitations imposed by experimental methods, instrumentation, and fundamental
physical principles.



Breaking Down the Problem

The core question asks: "What is the minimum?" This refers to the lowest
possible true speed of the electron within the bounds of the measurement's
uncertainty.

To address this, we need to:

1. Calculate the numerical value of the uncertainty.

2. Determine the minimum possible speed based on the measured value and its
uncertainty.

3. Understand the implications of the uncertainty in the context of
measurement accuracy and physical limits.

Calculating the Uncertainty

Given:
- Measured speed (v): 2.0 x 1076 m/s
- Uncertainty percentage: 10%

Step 1: Convert the percentage into a decimal:

\ [
\text{Uncertainty} = 10\% = 0.10

\1]

Step 2: Calculate the absolute uncertainty:

\ [

\Delta v = v \times \text{uncertainty} = 2.0 \times 1076 \times 0.10 = 2.0
\times 1075\, \text{m/s}

\1

This means the true speed could be within + 2.0 x 10”5 m/s of the measured
value.

Determining the Minimum Possible Speed

Since the measurement includes an uncertainty, the minimum true speed of the
electron is:



\ [
v_{\text{min}} = v - \Delta v
\1

Plugging in the numbers:

\ [

v_{\text{min}} = 2.0 \times 1076\, \text{m/s} - 2.0 \times 1075\, \text{m/s}
= 1.8 \times 1076\, \text{m/s}

\1]

This is the lowest possible true speed of the electron given the
measurement's uncertainty.

Physical Significance of the Minimum Speed

Understanding the implications of this minimum speed involves considering
both measurement limitations and fundamental physics.

- Measurement Limitations: The inherent uncertainty reflects the limitations
of the measurement apparatus and techniques. It suggests the actual speed
could be as low as 1.8 x 10”6 m/s.

- Quantum Mechanical Constraints: For electrons at these speeds, quantum
effects are significant. The Heisenberg Uncertainty Principle states that the
more precisely we measure position and momentum simultaneously, the less
certain either measurement becomes. This principle inherently limits the
precision of velocity measurements.

Note: The minimum speed is a statistical lower bound based on the

uncertainty; the actual speed might be higher or lower within the specified
range.

Additional Considerations and Related Concepts

1. Uncertainty in Momentum and Its Relation to Velocity

Since momentum (p) is related to velocity (v) via:



where m is the mass of the electron (~9.11 x 107-31 kg), the uncertainty in
velocity translates into an uncertainty in momentum:

\ [
\Delta p = m \times \Delta v

\]

Calculating:

\ [

\Delta p = 9.11 \times 10"{-31} \times 2.0 \times 107{5} \approx 1.82 \times
107~{-25}\, \text{kg-m/s}

\1

Understanding this helps in quantum mechanics applications, where
uncertainties in momentum and position are intertwined.

2. Relativistic Effects

At speeds approaching 1076 m/s, relativistic effects are typically
negligible, but as the speed increases further, one must consider Einstein's
theory of relativity. For this problem, however, non-relativistic mechanics
suffice.

3. Implications for Experiments

Knowledge of the minimum possible speed informs experimental design,
indicating the resolution required to detect such small changes and the
confidence in the measurement.

Summary of Key Steps

- Identify the measured value and uncertainty percentage.

- Convert the percentage to an absolute uncertainty.

- Subtract the uncertainty from the measured value to find the minimum
possible speed.

- Interpret the result within the context of physical principles and
measurement limitations.

Final answer:

The minimum possible speed of the electron, considering a 10% uncertainty in
the measurement, is approximately 1.8 x 10”6 meters per second.



Conclusion

Accurate measurement and understanding of uncertainties are fundamental
aspects of experimental physics. In this case, recognizing that the
electron's true speed could be as low as 1.8 million meters per second
underscores the importance of precision and error analysis in scientific
investigations. Whether for quantum mechanics, particle physics, or
engineering applications, such careful considerations enable scientists to
interpret data reliably and push the boundaries of knowledge.

Remember: Every measurement carries inherent uncertainty, and understanding
these bounds is essential for meaningful scientific inquiry.
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