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Circuit 5.

Circuit 6.

of this article I was made aware of a software circuits package (Livewire by New Wave Concepts—
see www.new-wave-concepts.com/livewire.html)
in which one of the optional settings is the use of
colour to represent voltage levels. I was particularly impressed by a simulation of a CR circuit in

which the capacitor’s top ‘foot’ changed colour as
it charged up or discharged.
Tony Reeves
Christ College Brecon
Diagrams adapted from Keith Gibbs

T EACHING P ARABOLIC M OTION

Projectile motion in perspective
As physicists, drawings of projectile trajectories
always catch our eye. My favourites are the illustrations that appear in golfing magazines and books
showing the path of the ball from tee to green. That
is, the golfer is in the foreground, near the viewer,
while the ball lands in the far distance. In these drawings the trajectory is not symmetric about the midpoint (point of maximum height) because, due to
perspective, lengths appear shorter when they are
farther away. It is well known that aerodynamic lift
and drag play a significant role in the flight of a golf
ball; however, suppose that the only force on the
ball was constant downward gravity (e.g., golfing
on the moon). The question we will consider is: how
does one draw the parabolic arc of projectile motion
in perspective? After answering this question I will
mention a few ideas on how to use these drawings
in the classroom.
To start, take a look at figure 1, which shows
projectile motion without perspective. Consider the
rectangle formed by the line between the start and
end points, the horizontal line at the maximum
height, and the vertical lines from the start and end
points up to the maximum height line. To sketch in
the parabolic arc, we may draw three evenly spaced
vertical lines and three evenly spaced horizontal
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Figure 1. Projectile motion without perspective.
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Figure 2. Rectangular plane of the trajectory, in
perspective.
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Figure 3. Projectile motion, in perspective.
lines. Note that the diagonals of the rectangle cross
the intersections of these horizontal and vertical
lines. The top of the parabolic arc passes through
the centre point of the maximum height line. The
arc also passes through points one quarter of the
distance from the maximum height line that are 1/4
and 3/4 of the horizontal distance between the start
and end points. If desired, we could further subdivide the rectangle to locate more points on the arc
(e.g., at 1/8 of the horizontal distance the arc is 9/16
from the maximum height line).
We will now transcribe the parabolic trajectory
of figure 1 into a perspective drawing. To start,
draw a horizontal line representing the horizon; this
horizon line is at eye-level for the viewer looking
horizontally into the distance. Select the location
of the start and end points, which we take as being
on level ground. Draw a line from the start point,
passing through the end point, and extending out to
the horizon line (see figure 2). The point where this
line meets the horizon is the vanishing point. All
lines parallel to the start–end line pass through this
vanishing point.1
Next, we construct the rectangle of figure 1, which
we imagine as a giant billboard on which we are
going to draw the trajectory. First, choose the point
where the maximum height line is directly above
the starting point of the trajectory and draw the left
edge of the rectangle. Draw a line from the top of
this line to the vanishing point; this is the maximum
1

height line seen in perspective. Complete the rectangle by drawing a vertical line from the end point
of the trajectory up to the maximum height line (see
figure 2).
The next task will be to partition the large rectangle into 16 equal rectangles. First subdivide the
left edge of the rectangle into four equal parts. Draw
lines from each of these increments out to the vanishing point; these are the horizontal lines of the
rectangle in perspective (see figure 3). Now draw
the diagonals of the rectangle, that is, straight lines
between opposite corners. Recall that the diagonals
cross the horizontal lines at the intersections with
the vertical lines so draw the four vertical lines such
that they pass through those crossings (compare
figures 1 and 3).
Finally, the points of the arc indicated in figure 1
are transcribed by locating the corresponding corners of the small rectangles (see figure 3). As mentioned earlier, more points of the arc can be located
by subdividing the large rectangle into finer divisions. Also, the entire drawing can be executed with
just a straight edge and a triangle (i.e., without a
ruler) since a rectangle is bisected at the intersection of its diagonals.
Projectile motion is more complicated when air
resistance is significant and one needs to resort to
the computer to obtain the trajectory [1]. By the
technique described above, one can draw a Cartesian grid in perspective and plot the numerically

In perspective, straight, parallel railroad tracks extending to the horizon converge and meet at the vanishing point.
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computed points. The shape of the trajectory is
asymmetric, with the point of maximum height
closer to the end point of the trajectory. Because of
this asymmetry, when drawn in perspective the trajectory looks different depending on whether the
start point or the end point is in the foreground.
Interestingly, in the latter case the trajectory, in perspective, looks more like a symmetric parabola.
There are a variety of ways you can use perspective drawing in the classroom. You can show students how to construct these drawings and then have
them create their own; each drawing will look different depending on the perspective. Have students
locate and sketch in some of the other points of the
trajectory. Collect drawings of projectile motion
from sports magazines and ask students to determine whether or not the trajectory is a parabolic
arc. Assuming that the spin of the golf ball produces
a constant horizontal force on the ball, ask students
to draw a sliced or hooked golf shot in perspective
(or a curve ball as seen by a baseball catcher). As a
project, students could write a computer graphics
program [2] that would calculate and draw trajectories in perspective (such a program is available
from the author, upon request, to instructors).
Drawing is a also good way to present kinematics to non-science majors. Recently I gave a guest

lecture on the physics of simple motion in the School
of Art and Design at San José State University.
Graphic arts majors study perspective in the context of static objects, but learning to draw motion
realistically is useful for animators and illustrators.
Physics instructors often complain that students
eagerly memorize the formulas of kinematics yet
seem unable to visualize the qualitative form of the
motion. So if your students are going to be doodling
in class, maybe you can get them to think about
what they are drawing!
The author wishes to thank John Clapp for teaching him perspective drawing.
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Equilibrium on a plane
Paul Dirac once observed1 that physicists are either
geometers or algebraists. The observation was not
a value judgment but rather a description of style.
I suspect that each of us is more comfortable with
one style over the other. It is just this fact that can
explain why two students in a class can disagree so
completely in judging their teacher. The student
who finds the teacher good thinks as he does. The
two have the same style. If the teacher is a geometer, so is the student. The other student, who does
not care for the teacher, thinks differently. He is an
algebraist. For this reason it behoves us as teachers
to find more than one way of explaining a concept
or problem.
Recently I found a new way of dealing with an
1
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Figure 1. Diagram of a body of mass M on an
incline of angle θ . The diagram shows the forces
acting on the body: the weight Mg, the friction
force, the normal force N, and the component of
the weight acting downward parallel to the
incline Mg sin θ .

In a talk given some 20 years ago at the Boston Colloquium for the Philosophy of Science.
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