Physics Demonstrations for Lusk Wyoming, March 19th, 2009

1 Geysers

The model of a Geysers shows that a geyser requires a unique structure as well as a heat source. The restricted
pipe upward prevents heat transfer through convection. The weight of the column of water increases the
pressure at the bottom of the column increasing the boiling point of water. Once the water starts to boil,
the hot steam moving upward lowers the pressure at the bottom since steam has a much lower density than
water. With lower pressure, the boiling point falls and the water quickly evaporates creating the eruption.
Evaporation cools the bulk of the water and the process starts again.

2 Free Fall

The Earth’s atmosphere affects everything around us including the motion of falling objects. We demonstrate
that without air friction all objects, independent of mass, accelerate at the same rate under the influence
of gravity. This was shown in 1972 by Apollo 15 astronauts dropping a hammer and feather on the Moon
(download video clip at: www.schwellenbach.com/casper09). On the surface of the Moon there is no air and
the acceleration of gravity is % the value at the Earth’s surface.

3 Projectile Motion — Vectors

At the instant the paint ball leaves the barrel, a light beam is interrupted and the target is released. The
paint ball hits the target because both objects fall at the same rate independent of their initial motion.
Similarly, the Moon is orbiting the Earth with an average speed of over 2,000 MPH. Like the paint-ball,
gravity pulls the Moon perpendicular to its motion, changing its direction but not its orbital speed.

4 ”Newton’s Eggs” — Newton’s 1% Law

Objects at rest remain at rest unless acted on by a net force.

The eggs have enough mass (and therefore inertia) to have no noticeable motion in the horizontal direction.
Actually, friction with the moving plastic plate provides a very small horizontal force on the eggs, and they
will experience a very small horizontal acceleration that can be neglected.

5 Centripetal Force — Newton’s First Law

Objects in motion will continue to move in a straight line unless acted upon by a force. The water in the
bucket tends to move in a straight line. We must apply a force (centripetal force) to keep it moving in a
circle. In the case of orbits (satellites, the Moon, planets) the centripetal force is provided by gravity.

6 Newton’s Second Law (F=ma)

Force = mass x acceleration. The firecrackers apply the same force to both cans but the less massive can has
a greater acceleration, reaches a greater speed, and therefore flies to a greater height than the more massive
can. The less massive can is physically bigger pointing out the importance of having complete information
before making predictions.
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7 Action/Reaction — Newton’s Third Law

For every action there is an equal and opposite reaction. The pressure in the tank (approx. 800 psi) forces
the CO5 out of the modified fire extinguisher, the reaction is an equal but opposite force accelerating the
passenger. The same principle explains the thrust provided by rockets for use in the atmosphere or in space.
(Conservation of momentum can also be used to describe this demonstration.)

8 Pressure (= Force +— Area)

Pressure and force are related but it is important to understand the distinction. A person can lie on a bed of
nails because their weight (the force of gravity pulling them down) is distributed over a large enough area;
the pressure is low enough that the skin is not damaged.

9 Bernoulli Effect

Make a screwdriver “float” in front of class. Just like an airplane wing, the pressure is lower above the
screwdriver because the air is moving faster.

10 Collisions - Conservation of Momentum

The tennis ball cannon gives each tennis ball nearly the same speed and therefore the same momentum. In
the inelastic collision (the ball is captured by the sled) the ball transfers its total momentum to the sled. In
the elastic collision (ball bounces back) the ball transfers twice its original momentum to the sled. First the
ball is stopped (just like the inelastic collision) but then the sled applies an additional force to accelerate the
ball backwards.

11 Conservation of Energy

Conservation of energy is shown using a pendulum made from a bowling ball suspended by a rope. The
demonstrator’s nose is safe from impact because energy is conserved; the bowling ball cannot return to a
greater height than it started.

12 Electrostatics

Use the Van De Graff generator to show various aspects of electrostatics including making a person’s hair
stand out. (Opposite charges attract, like charges repel.) It is important to note that no charges are created,
charges are only moved. Charge conservation says charge cannot be created or destroyed; as the sphere
acquires a negative charge the base acquires an equal positive charge.

13 Primary Colors

Even though white light consists of all colors of the rainbow (Red, Orange, Yellow, Green, Blue, Indigo,
Violet), our eyes are sensitive independently to Red, Green, and Blue. Our eye interprets all colors as a
mixture of various intensities (brightness) of these three colors. The three colors are projected and it is
shown that the three can be "mixed’ to give white light.

14 Lenses

Show how a lens forms an image by refracting, or bending, the light rays when the light goes from air (fast)
to glass (slower). Discuss focal length and converging/diverging lenses.
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15 Total Internal Reflection

Demonstrate the concept of fiber optics work by observing a laser beam following a stream of water. Similar
to the lens, the beam of light changes direction at the water/air interface. Due to the difference in the speed
of light in air relative to water, all of the light energy is reflected back into the water.

16 Thermal Expansion

As the air in a balloon is cooled in liquid nitrogen it contracts and eventually turns to liquid because of
the low temperature. The properties of materials change greatly at low temperatures. The temperature of
liquid nitrogen is similar to the temperature near the surface of Jupiter or Saturn which shows one of the
challenges of building spacecraft to withstand the hostile environment of space.

Support for this activity has been provided by:

Casper Fire Extinguisher
AirGas

I appreciate your feedback.
Please send your comments or your students’ comments to:

Dave Schwellenbach

Towa Lakes Community College
300 S. 18! St.

Estherville, TA 51334

(712) 362-7957
physics@schwellenbach.com
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