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Answer Key: Shatter Classical Intuition: Advanced 10th Grade Modern
Physics Quiz

Challenge your sophomores to synthesize concepts of wave-function collapse, time dilation in muons, and
the equivalence principle in this rigorous assessment.

1. Cosmic ray muons have a very short lifespan, yet they reach the Earth's surface in abundance. Which
synthesis of Special Relativity explains this phenomenon from the muon's frame of reference?

Answer: B) Length contraction shortens the distance of the atmosphere that the muon must traverse.

In the muon's own frame of reference, it is at rest. The distance it must travel (the atmosphere) is moving toward it
at near-light speed, causing that distance to contract, allowing the muon to reach the surface before it decays.

2. The Principle in General Relativity suggests that an observer in a closed elevator cannot
distinguish between being accelerated in deep space or resting in a gravitational field.

Answer: C) Equivalence

The Equivalence Principle is a cornerstone of General Relativity, stating that local effects of gravity and acceleration
are indistinguishable, leading to the idea that gravity is the curvature of spacetime.

3. According to the Copenhagen Interpretation, a quantum particle exists in a state of superposition
across all possible positions until a measurement forces the wave function to collapse.

Answer: A) True

Superposition describes the ability of a system to be in multiple states simultaneously; measurements interact with
the system to resolve it into a single eigenstate.

4. When analyzing the Hafele-Keating experiment involving atomic clocks on airplanes, why did the
‘eastward’ clock lose time compared to the ground clock?

Answer: B) The clock's velocity was highest relative to the Earth's center due to the planet's rotation.

The eastward clock had the greatest relative velocity (Earth's rotation + plane's speed), leading to more significant
kinematic time dilation (slowing down) compared to the ground clock.

5. If a physicist measures the exact momentum of a particle, the Principle dictates that the
uncertainty in the particle’s position must become infinite.
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Answer: B) Heisenberg

The Heisenberg Uncertainty Principle states that AxAp éh/41, meaning the more precisely one variable is known
(momentum), the less precisely the other (position) can be known.

6. Gravitational redshift occurs because light gains energy and its frequency increases as it moves away
from a massive star into a region of lower gravity.

Answer: B) False

Redshift means the frequency decreases and wavelength increases. Light loses energy as it climbs out of a gravita-
tional well, which results in a shift toward the red end of the spectrum.

7. At the Large Hadron Collider (LHC), particles are accelerated to 0.9999c. What happens to the energy
required to accelerate them further as they approach 'c'?

Answer: C) The energy requirement increases exponentially because the effective mass (inertia) approaches
infinity.

As velocity approaches the speed of light, the relativistic momentum increases toward infinity. Consequently, it takes
more and more energy to achieve a marginal increase in speed.

8. The 'entanglement’ of two particles suggests that measuring the spin of one will determine the
spin of the other, regardless of the distance between them.

Answer: C) instantaneously

Quantum entanglement involves a non-local correlation where the state of one particle is immediately linked to the
state of another, even across light-years.

9. Asingularity is an infinitely dense point where the known laws of physics, including General Relativity
and Quantum Mechanics, currently fail to provide a unified description.

Answer: A) True

Singularities (like those at the center of black holes) represent the limits of current mathematical models where
density and curvature become infinite.

10. How does the 'Event Horizon' of a black hole relate to Einstein's concept of escape velocity?

Answer: C) It is the boundary where the escape velocity exceeds the speed of light.
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The Event Horizon is the 'point of no return.' Beyond this boundary, the gravitational pull is so extreme that even light
(the fastest thing in the universe) does not have enough velocity to escape.
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