©2012 - v 5/15

Science First

611-1400 (40-110) Magnetic Ballistics Car

Warranty:

We replace all defective or miss-
ing parts free of charge. All products
warranted to be free from defect for
90 days. Does not apply to accident,
misuse, or normal wear and tear.

Introduction

The Ballistic Car is a device that
demonstrates that horizontal motion
of an object (in this case, a ball) is
unaffected by vertical motion. It con-
sists of a gun mounted vertically on a
car which propels a steel ball upward
by means of a compressed spring.
The car's low-friction wheel bearings
allow it to free wheel at a speed that
is essentially constant. If the gun is
triggered while the car is freewheel-
ing, the ball rises and falls back into
the barrel.

Compare this to actions within a
moving train. Picture a passenger (the
gun) inside a train (the car) throw-
ing a ball straight up. The ball falls
straight back into the passenger's hand
provided the train moves at a con-
stant speed. The Ballistics Car allows
these proceedings to be watched by a
stationary observer.

The purpose of the Ballistics Car
is to show that the horizontal com-
ponent of the ball's velocity must
equal that of the car itself despite the
considerable change in the vertical
component of the velocity. This is the
only way that the ball will fall back
into the barrel of the gun, given any
initial speed of the car and any initial
power settings of the gun. This proves
that the velocity as a vector can be
resolved into two mutually perpendic-
ular components, components which
can then be treated separately.

At any point in a projectile's trajec-
tory, its instantaneous velocity can be
resolved in two perpendicular direc-
tions. The directions commonly used
are the horizontal and the vertical.
Since the horizontal components stays

constant while the vertical component
changes due to the Earth's gravitational
pull, the projectile's trajectory can be
calculated and predicted. At higher
speeds - speeds that cannot be attained
by the Ballistics Car - the effect of air
friction needs to be included since fric-
tion reduces both components of high
velocity.

The Ballistics Car serves as an
introduction to frames of reference
which are moving at constant velocity
relative to each other.

The passenger in the train and the
barrel of the gun are unaware of their
respective movements. They see the
ball move only in a vertical direction
relative to their frame of reference. An
observer on the ground, however, sees
the ball curve in a parabola relative to
his frame of reference.

The motion of the ball obeys New-
ton's Laws of Motion due to the effect
of gravity in both frames of reference.
An observer cannot tell from the mo-
tion of the ball whether he is moving
at any constant horizontal velocity
relative to the earth

Operation
1. You need a level surface.

For best results, run the car on a
smooth, hard surface that is dust-free
and horizontal. Use a carpenter's spir-
it-level to make sure your surface is
level. Even floors that look horizontal
can be too inaccurate. Check in both
perpendicular and parallel directions
to that of the car's motion.

Do not drop or allow the car to run
off the edge of any table because the
bearings can be damaged.

2. Position and shoot ball from
barrel.

* Place the ball on the piston inside
the barrel. Push down to lock the
piston in place.

* Place the magnetic end of the
string in the groove on the housing

of the car.

* Raise the lever inside the housing
until it becomes attracted to the
magnet and is held in place.

* Give the car a gentle push. When
it reached the end of the string, the
magnet will be pulled away and the
lever will drop. This releases the
ball.

* The ball will rise about one foot
after ejection.

* Try different speeds.

* If conditions are right, the ball falls
back into the barrel.

This confirms that the horizontal
motion of the ball keeps pace with that
of the car. For each locking position,
the ball always rises to the same height
regardless of horizontal velocity, again
demonstrating the independence of the
two perpendicular components.

A skeptic may claim that the car
slows down while the gun is firing
because of the pull on the pin, thus in-
validating the demonstration. The car
does indeed slow down, but, provided
the pull is directly in the line of travel
and that no rocking of the car occurs,
the change in speed is complete before
the ball has begun is free assent. The
skeptic may be convinced of this by
a reversal of the motion. Pull the car
toward you with a gentle pull on the
cord and then give the sharp snap to
pull the pin out. The same result oc-
curs even though the car has increased
its velocity.

Make sure that the gun is cocked
and the lever is lifted and held in place
by the magnet! When the magnet is
pulled away, the lever falls, striking a
mechanism that releases the ball.
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Measurements needed to
guantify how far ahead of the

barrel the ball should fall:

1. Height H to which ball rises
from the mouth of the gun.

H can be measured with the car
stationary.

2. Distance D the car travels from
point where gun is fired to point where
car, of its own accord, comes to rest.

3. Time T taken for the car to travel
until it comes to rest. T and D must be
measured together in the same trial.

Calculations:

Part A.

Measurement of H allows you to
calculate the time the projectile is in
the air. To determine the relationship
between distance H fallen to elapsed
time T for an object starting from rest
and undergoing a constant gravita-
tional acceleration g (which equals 9.8
m?), use this equation:

H =129gT?

The time from the top of the ball's
flight to the barrel is:

T :(ZH
9.

The time taken to reach this height
in the first place would have been the

same. Thus the tlme of ﬂlgz st be:
2H1)

12

Part B.

The horizontal distance traveled by
an ideal frictionless car would be given
by the product of initial velocity, V,
and time. For a real car, you need to
know how the velocity decreases with
time due to friction. Since the friction
is likely to be a constant force, you
can assure the velocity decreases at
a uniform rate. The acceleration is a
negative constant, a. Thus the veloc-
ity will have dropped to zero. This is
written as:

0 =V +aT (Egn 1)
Therefore:
D =V,T+1/2aT> (Egn
2)
where a has a negative value.
From Eqn 1, derive:
V,=-aT
Substituting Eqn 1 into Eqn 2
gives:
D =-aT?+1/2aT?

:'_1/2 aT?
Therefore:
a =-2D
T2

The measurements of D and T are
combined to give the (negative) ac-
celeration of the car. This can now be
used to calculate what happens during
the flight of the ball.

While the ball is in the air for T
seconds, the ball travels a horizontal
distance VT. The car, however, trav-
els a distance calculated as follows:

D=V7T+12aT?

The ball travels further than the car.

The further amount it travels is:
A =V T-(V,T+12aT?)
A =-1/2aT?
Substltutlng for ves
) (=)
= 8DH
T?g g

=-1/2
Typical valuesof D=2.0m, H =
0.27 m. T = 12 seconds yields:
A =8x2.0x0.27
122x 9.8
A =0.003m
=3mm
Therefore as long as friction is
low enough to give similar values of
delta (which are small
compared with the barrel mouth) the
demonstration is valid. The Ballistics
Car is a real world case which shows
how the horizontal motion of an object
is unaffected by vertical motion.

How to Teach with

Ballistics Car

Concepts Taught: Scalar vs vec-
tor quantities; velocity as a vector;
horizontal and vertical components;
their mutual independence. Projectile
motion; Newton's Laws of Motion;
Equations of Motion and calculation
of variables using them; acceleration
due to gravity.

Curriculum Fit: Physics Se-
quence; Motion & Force. Unit: Causes
of Motion

Related Products:

Science First manufactures over
50 science labs carried by most sci-
ence education dealers.

40-140 Dynamics Car Pair -
Two -all aluminum cars with small
and large bumpers of 2 thicknesses,
instructions.

40-145 Mini-Dynamics Pair -
Good for grades 6-8 up. Two plastic
cars with low-friction wheels, spring-
steel bumpers, instructions at a basic
level.

40-350 Second Law of Motion -
Which of two balls strikes the ground
first - the one dropped or the one
shot outward? Plastic housing, spring
plunger, two balls, instructions.

40-330 Variable Inertia - Load
two plastic discs with up to 8 steel
balls, roll down incline. Which is fast-
est? Instructions, 8 balls, all hardware.
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